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A4.  Project Organization/Responsibilities 

 
Figure 1:  Project Organization and Responsibilities Chart 
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A5. Problem Definition/Background 

In recent years, the U.S. Environmental Protection Agency (U.S. EPA) has identified ‘cultural 

eutrophication’ as one of the primary factors resulting in impairment of U.S. surface waters.  

Eutrophication is the process which leads to an increase in the level of primary production or 

biomass occurring within a water body.  Eutrophication is a slow natural process that occurs 

within a water body, but human activity can greatly speed up the process primarily through the 

addition of excess nutrients.   Cultural eutrophication is described as human-caused acceleration 

of eutrophication through excess nutrients in water bodies.  Cultural eutrophication causes 

harmful effects on water bodies such as fish kills, reduction of dissolved oxygen and pH values, 

and loss of diversity or changes in community structure in aquatic plant, invertebrate and fish 

communities.  Cultural eutrophication is a serious threat to water quality in Connecticut and is 

also one of the most pressing water quality issues facing the nation.  U.S. EPA is encouraging all 

states to develop strategies to reduce nutrient pollution and adopt numeric nutrient criteria into 

their WQS to address impairments caused by cultural eutrophication.    This purpose of this 

project is to support the Connecticut Department of Energy and Environmental Protection’s (CT 

DEEP) implementation of ongoing nutrient management efforts, including the development of 

effects-based numeric nutrient criteria to protect aquatic life in freshwater wadeable rivers and 

streams. 

 

The difficulty in measuring eutrophication directly is that the effects can vary over time and 

space.  Primary producers in streams include photosynthesizing organisms such as algae and 

macrophytes.  The biomass of primary producers may vary greatly throughout a season, from 

year to year and from one stream reach to another.  This variation may result from changes in 

light availability, temperature and grazer activity.  Several studies (Stevenson 2006; Potapova et 

al. 2004, 2007) have shown that algal species composition provide a reliable indicator of trophic 

status in rivers and streams.  Specifically diatoms, a collection of microalgae in the 

Bacillariophyta group, are widely recognized and used as indicators of river and stream water 

quality (Stevenson & Pan, 1999).  Several state agencies have evaluated the use of diatom 

trophic indices to aid in the development of nutrient criteria (Ponader et al, 2007; Danielson, 

2009).  Diatom composition has also been used extensively in Europe as measure of trophic 

conditions (Kelly et al. 1998).   Stevenson (2006) and Lavoie et al (2008) found that species 

composition of diatoms is more likely to reflect actual stream conditions than assessment of 

water chemistry or algal biomass because they integrate the effects of stressors over time and 

space.     

 

This project will augment the current CT Ambient Biological Monitoring (ABM) program by 

incorporating the routine collection of a third biological community, benthic algae,  in 

combination with the collection of chemical and habitat samples to better support the 

Department’s nutrient management efforts, including the development of numeric nutrient 

criteria for rivers and streams.  Benthic algae communities have only been collected 
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intermittently as part of past grant projects.  Since the development of the ABM program in the 

late 1970s, CT DEEP traditionally has routinely collected and evaluated macroinvertebrate and 

fish communities to assess aquatic life uses in wadeable rivers and streams.  However, algal 

communities respond more directly to nutrients than macroinvertebrate or fish communities and 

therefore are likely to provide a better indicator of nutrient stress in streams. 

 

CT DEEP collected benthic algae community data from 2002 – 2004 and found significant 

changes in community composition corresponded to the input of excess nutrients (Becker & 

Stacey, In Prep).  CT DEEP used this information to implement a strategy to support phosphorus 

discharge permitting under the National Pollutant Discharge Elimination System (NPDES) 

program that is consistent with Clean Water Act requirements and CT WQS narrative standards 

for nutrients.  These methods focus on phosphorus because it is often found to be the primary 

limiting nutrient in freshwater systems.  These methods were approved by the United States 

Environmental Protection (EPA) in their letter dated October 26, 2010 as an interim strategy to 

establish water quality based phosphorus limits in non-tidal freshwater for industrial and 

municipal waste water treatment plant (WWTP) NPDES permits.   

Data collected under this project will be used to establish a better understanding of aquatic life 

response to varying trophic conditions in CT.  This understanding will help refine development 

of water quality criteria, reinforce achievement of aquatic life use goals in all freshwater rivers 

and streams in CT and assist in guiding any necessary refinements to the Department’s current 

methodology to ensure that aquatic life uses are fully attained.   

A6. Project Description 

This project involves the collection of benthic stream algae, surface water grab chemistry, 

continuous stream temperature and instream habitat measurements.   Benthic algae species 

composition is the primary data of interest for this study because it characterizes a biological 

community that responds directly to nutrients and may provide a better indicator of trophic status 

in streams than assessment of water chemistry, macroinvertebrates or benthic algal biomass 

(EPA, 2000).  Grab samples will be collected to capture water chemistry conditions at the same 

time as benthic algae.  Temperature and habitat measurements will be collected to characterize 

additional site characteristics that could affect the growth of algal biomass. 

Approximately 30 sites will be sampled per year based on funding and staff constraints 

corresponding to sites identified as part of the Ambient Monitoring 5-Year (2011 – 2015) 

monitoring plan selected using an integrated approach that combines a probabilistic and targeted 

monitoring design (CT DEP 2005; 2011), as well as any additional targeted sites needed to 

support criteria development or other nutrient management efforts.  Studies have shown that an 

integrated approach provides a more complete assessment of conditions to support water quality 

management (Stein & Bernstein 2008; Robinson & Walker 2004).  Probabilistic designs draw 

sampling stations randomly from an area or region and are used by the U.S. EPA and states to 
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provide statistically valid assessments of water quality and designated use attainment for 

spatially diverse regions.  Targeted sites focus on describing and quantifying impacts, tracking 

trends and assessing compliance with regulatory guidelines or limits.   

Fig 2 identifies the 65 probabilistic sites that were selected using generalized random tessellation 

stratified (GRTS) survey design (Steven & Olsen 2004) for the 5-year plan.  All of the 

probabilistic sites will be sampled for benthic algae over a four year time period from 2012 – 

2015.  In addition to probabilistic sites, a set of targeted sites will also be sampled each year.  

Additional sites will include long-term trend sites, sites for assessing compliance with CT DEEP 

NPDES phosphorus limits, sites targeting the full range of nutrient enrichment conditions or any 

additional sites needed for criteria development or nutrient management implementation.  See 

section B1 for further explanation of site selection.   

Table 1 includes a list of all probabilistic project sites and a description of their locations.  A list 

of targeted sites for each year will be included in an annual project plan (APP) along with a list 

of probabilistic sites that will be sampled that year.  The number of targeted sites may vary from 

year to year depending on funding, staff constraints and sampling needs for permit compliance 

efforts.  The APP will describe the sampling efforts and sites for each year.  An example APP is 

provided as Appendix A1. 

Major tasks and timeline for the project on an annual basis are outlined in Tables 2.  All sites will 

be sampled for benthic algae collected during the late spring/early summer sampling period 

specified below and in the SOP (see Appendix B).   
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Figure 2.  Probabilistic Sampling Sites and Level of Nutrient Enrichment
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StationID StreamName Landmark Municipality 

4 Beacon Hill Brook at Andrasko Road Beacon Falls 

153 Little River upstream Bushell Hollow Road Route 138 Sprague 

183 Muddy River adjacent Velvet Road North Haven 

272 Piper Brook upstream Main Street Newington 

279 Pomperaug River upstream Transylvania Brook Southbury 

370 Willow Brook upstream RR tracks discharge Berlin 

398 Burton Brook upstream STP access Road Salisbury 

430 Norwalk River upstream Sugar Hollow Road Redding 

606 Green Fall River upstream confluence with Wyassup Bk US Clarks Fall Rd. North Stonington 

725 Naugatuck River upstream Route 222 (6) Crossing Thomaston 

766 Stickney Hill Brook upstream Brown road Union 

960 Durkee Brook downstream Holmes Road Pomfret 

1081 Roaring Brook upstream footbridge Lions pool 300 meters US Cottage St. Farmington 

1088 Natchaug River off Mansure Road Behind 238 Willimantic Road (Route 6) Chaplin Kawasaki Chaplin 

1116 Spoonshop Brook between bee and baldwin streets at carrol park Meriden 

1338 Belcher Brook at meadow lane Berlin 

1648 West Branch Salmon Brook adjacent Route 20 and Simsbury Road intersection Granby 

1664 Blackwell Brook upstream Route 6 Brooklyn 

1748 PENDLETON HILL BROOK upstream Grindstone Hill Road  North Stonington 

1789 Farmington River at Satan's Kingdom Tubing Shuttle bus pick up Canton 

1810 Cricker Brook downstream Nonopoge Road at #93 Fairfield 

1946 Naugatuck River at old bridge abutments downstream campville Thomaston 

1975 Weekeepeemee Brook upstream Route 132 Woodbury 

2004 Naugatuck River downstream Spruce Brook Litchfield 

2307 Early Brook at Haywardville Road East Haddam 

2310 Whiting Brook at Under Mountain Road  Canaan 

2394 Hall Meadow Brook adjacent to Rte 272 across from South Norfolk lumber company Norfolk 

2439 Farmington River at Town Gardens, Meadow Road Farmington 

2457 West Branch Farmington River at Blacks Bridge Road New Hartford 

2478 West Branch Farmington River adjacent # 500 Hogback Road Hartland 

2488 Farmill River at end of Roaring Brook Lane Cul-de-sac Shelton 

2769 Little River at Cross Highway Redding 

2781 Fawn Brook Downstream Route 66 Hebron 

5142 COMSTOCK BROOK Above Nob Hill Rd Wilton 
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StationID StreamName Landmark Municipality 

5147 COOPER POND BROOK DS COOPER HILL ROAD UNDER POWER LINES Ridgefield 

5158 CROSS BROOK 100 M US confluence with Great Brook New Milford 

5411 MILL RIVER 400 M DS Clark's Pond Hamden 

5441 MUNGER BROOK US of West Pond Rd behind Cumberland Farms North Branford 

5445 Natchaug River from lathers park US through first riffle Windham 

5488 Obwebetuck Brook US of rte 32 Windham 

5533 PITCH BROOK 300 M US Pitch Reservoir Morris 

5545 PURCHASE BROOK Parallel to Little York Rd 100 M US parking lot Southbury 

5623 SPRING LOT BROOK Off McVeaugh Rd US access Rd for town dump Westbrook 

5743 West Branch Bantam River DS of Norfolk Rd Litchfield 

5849 Cherry Brook at West Road Bridge canton 

5906 Bigelow Brook DS Eastford Road Ashford 

5953 Ball Pond Brook  lower end of land trust, 200 yds upstream of Lake Candlewood New Fairfield 

6009 Negro Hill Brook  at Route 69 Sessions Woods WMA Burlington 

6111 East Branch Naugatuck River at Sawmill Hill Road Torrington 

6112 Bog Hollow Brook at Route 342 Kent 

6114 West Branch Farmington River at upstream Henry Buck trail head Barkhamsted 

6116 Fivemile River at Nursery road New Canaan 

6118 Cemetery Pond Brook at Peters Lane in Roosevelt Forest Stratford 

6119 Curtiss Brook at Route 110 crossing # 646 condos Shelton 

6120 Leadmine Brook adjacent to hollow road on state property Harwinton 

6121 Shepaug River DS Rte 47 and adjacent to River Road at Cook Street Washington 

6122 Weekeepeemee Brook US Rte 47 at bridge across from Ruffin Road Woodbury 

6123 Bantam River At most upstream West Morris Road Crossing top end of fly fishing only sections Morris 

6124 Walker Brook At Intersection of Hartwell Rd and Shinar Road and Walker Brook Road Washington 

6132 Shady Oak School house brook at kelly road crossing Killingly 

6134 Long Branch Brook at Labbey Road crossing Thompson 

6135 Lydall Brook at Ambassador Drive crossing Manchester 

6136 Indian Hut Brook at Old Colony Road Crossing Eastford 

6147 Sherman Brook at Harbor Road Colchester 

6148 Day Meadow Brook at River Road Colchester 

 

Table 1:  Project Study Probabilistic Sites and Location Description
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Table 2.  Timeline of Major Tasks 

A7.  Data Quality Objectives for Measurement Data 

Precision, Bias and Accuracy 

The precision and accuracy levels desired for all data collected are shown in Table 4.  All data 

collected will be compared with the criteria in Table 4 and will be handled according to Data 

Review, Validation and Verification Method and Requirement procedures outlined in sections 

D1 – D3 of this document.  

Parameter 
Sampling 

Technique 

Analytical 

Method 

Analysis 

Location 

Method detection 

for given 

reporting unit 

Field Duplicate 

precision 

(RPD)  

Lab Duplicate, Spikes and 

Calibration Verifications 

Precision (RPD) 

BIOTA 

Benthic Algae 

rock 

substrate 

USGS 

NAWQA 

Protocols 

ANS of 

Drexel 

University 

NA NA NA 

WATER QUALITY 

Ammonia as N grab sample EPA 350.1 CESE 0.002 mg/L 30% < 15% 

Nitrate as N grab sample EPA 353.2 CESE 0.002 mg/L 30% < 15% 

Nitrite as N grab sample EPA 353.2 CESE 0.002 mg/L 30% < 15% 

NOX (nitrate-nitrite as N) grab sample EPA 353.2 CESE 0.003mg/L 30% < 15% 

Total Dissolved Nitrogen grab sample EPA 353.2 CESE 0.011mg/L 30% < 15% 

Total Phosphorus grab sample EPA 365.4 CESE 0.002 mg/L 30% < 15% 

Orthophosphate grab sample EPA 365.1 CESE 0.001 mg/L 30% < 15% 

Chlorophyll a grab sample EPA 445.0 CESE 0.1 µg/L 30% NA 

Dissolved Oxygen field meter YSI 

Protocols 

Field 0 mg/L NA NA 

pH field meter YSI 

Protocols 

Field 0 μS/cm NA NA 

Specific Conductance field meter YSI 

Protocols 

Field 0  NA NA 

Temperature 

(Instantaneous)  

field meter YSI 

Protocols 

Field - 5 ºC NA NA 

MAJOR TASKS J F M A M J J A S O N D

Select Sample Locations X X

Recon Sample Locations X X

Develop APP X X

Train Staff X X X

Collect Diatom and Chemistry Samples X X

Process Samples X X

Send Diatom Samples to Taxonomists X X

Review Data Sheets for Completeness and Accuracy X X X

Enter Data into WQX Database X X X

Analyze Data X X X X X X X X X

Write Reports X X X X X X X X X
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Parameter 
Sampling 

Technique 

Analytical 

Method 

Analysis 

Location 

Method detection 

for given 

reporting unit 

Field Duplicate 

precision 

(RPD)  

Lab Duplicate, Spikes and 

Calibration Verifications 

Precision (RPD) 

HABITAT 

Continuous Temperature HOBO 

Water Temp 

Onset 

Protocols 

Field 0.2 º C NA NA 

Canopy Cover Densiometer EPA 

Protocols 

Field NA NA NA 

Stream Depth Meter Stick CT DEEP 

Protocols 

Field NA NA NA 

Table 4. Target Precision and Accuracy Levels for Project Data 

Representativeness 

 

Sampling segments are limited to wadeable sections of streams and rivers.  Sampling procedures 

target biological communities in high gradient riffle/run stream habitat to minimize effects of 

habitat heterogeneity.  Stream benthic algae samples will be collected from June 1
st
 to July 31

st
 

to target peak algal growth before the algal mats begin to senesce (Danielson, 2006).  This time 

period minimizes confounding effects of spring runoff due to decreasing flows in the rivers and 

streams (Figure 3) and  is roughly centered around the longest day (duration of daylight hours) in 

the year (Figure 4) when some of the warmest stream temperatures occur (Figure 5) providing 

more light and warmth which stimulates algal growth.    

Completeness 

It is expected that greater than 95% of the pre-selected stream sites will be sampled; greater than 

95% of samples collected are expected to be successfully analyzed for quantitative measures of 

species composition and abundance.  The completeness of project surveys is expected to exceed 

95%.   
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Figure 3.  Median Flow Discharge (cfsm) of Average Julian Day Discharge for the Period of Record at 23 

Natural USGS Stream Gages in Connecticut 

 

Figure 4.  Duration of Daylight (hours:minutes) in Connecticut 
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Figure 5.  Median Stream Temperature of Average Julian Day Stream Temperature for 5 Historical 

Monitoring Reference Sites in Connecticut over the Period of Record 

Comparability 

Standardized sampling procedures will be employed to ensure comparability among the data.  A 

standard operating procedure for collecting benthic algae, nutrient grab chemistry and continuous 

water temperature was developed following CT DEEP procedures.  They are included as 

Appendix B1, B2 and B3.   

A8.  Special Training/Certification 

All field training, including that for biological surveys and sampling and data management, is 

conducted by the CT DEEP Bureau of Water Protection and Land Reuse (WPLR) Planning and 

Standards (P&S) Division under direction of the Project Supervisors or designated staff.  Safety 

training is provided and documented by CT DEEP's Health and Safety office.  

Project Function Course Trained by Training Date Trainees Title Certs/ 

Records 

Safety First Aid/ 

CPR 

CT Fire Academy Every 2 years All Field Staff All Field Staff CT DEEP 

Health & 

Safety Office 

Safety Field safety  
procedures 

DEP Health & Safety 
Office 

At OSHA-specified 
time intervals 

All Field Staff All Field Staff CT DEEP 
Health & 

Safety Office  

Biological 
Monitoring / 

Sample processing 

None Project Supervisor and 
experienced 

monitoring staff 

Ongoing All Field Staff All Field Staff CT DEEP – 
WPLR P&S 

Data Entry / 
Management 

None Data Management / 
QA-QC officer 

Ongoing All Field Staff All Field Staff CT DEEP – 
WPLR P&S 

Table 6.  Special Training and Certifications Required for Project 
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A9.  Documentation and Records 

The most up-to-date version of this QAPP, project SOPs and field sheets will be available on a 

shared computer drive available to all relevant staff at the CT DEEP.  In addition, the principal 

investigator will distribute updated electronic copies via email of this QAPP, SOPs and field 

sheets to all relevant CT DEEP staff and contract laboratory contacts prior to sampling for their 

review.  

B.  DATA GENERATION AND ACQUISITION 

 

B1.  Sample Process Design (Experimental Design) 

The CT DEEP Monitoring and Assessment Program has identified sites that will be sampled for 

macroinvertebrates, fish and chemistry as part of their 5-year ambient biological monitoring 

(ABM) plan (2011 – 2015).  These sites were selected as part of an integrated design 

(probabilistic and targeted) as described in section A6 above.  A subset of those sites will be 

selected and identified in the APP based on available funding.  All probabilistic and a subset of 

targeted sites will be sampled over the next four year period.  Targeted sites from the ABM plan 

will be selected to assess long term trends and capture specific enrichment conditions of interest.  

Geographic Information Systems (GIS) data on nutrient loadings, drainage area and land cover 

will be used to gain an initial understanding of enrichment conditions throughout the State and to 

select sites that capture specific spatial and temporal scales of interest.  GIS nutrient loadings 

will be estimated using the United States Geological Survey 2002 spatially reference regressions 

on watershed attributes (SPARROW) nutrient models for the Northeastern and Mid-Atlantic 

regions (Moore et al 2011).  Additional targeted sites not included in the ABM monitoring plan 

may also be included in the APP to further support criteria development, NPDES permit 

assessment / compliance or other nutrient management efforts. 

Benthic algae are the primary community of interest for this project because they are a biological 

community that responds directly to nutrients (Pan & Lowe, 1994; Pan et al., 1996).  Benthic 

algae are micro- and macroalgae that grow on the bottom substrate of a waterbody, such as 

rocks, logs and mud.  This project concentrates on the collection of benthic microalgae in the 

Bacillariophyta group commonly referred to as diatoms.  There are several types of microhabitats 

where diatoms are found.  This project specifically focuses on epilithic diatoms.  Epilithic 

diatoms grow on hard relatively inert substrata that are typically bigger than most algae, such as 

gravel, pebble, cobble and boulder (Stevenson et al 1996).  Diatoms are widely recognized and 

used as indicators of river and stream water quality including enrichment conditions (Stevenson 

& Pan, 1999).  Several state agencies are using diatom trophic indices to aid in the development 

of nutrient criteria (Ponader et al, 2007; Danielson, 2009). 

This study employs a single habitat design, targeting center channel, riffle/run habitat for the 

sample collection.  A single habitat sampling design can help to reduce variability due to 
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differences in habitat between streams (Stevenson & Bahls 1998; Rosen 1995).  Algal samples 

will be collected for species composition from rock substrates.  The species composition samples 

provide quantitative biomass estimates, taxa densities and taxa biovolumes.  The species 

composition samples will be sent to a contracted lab/taxonomist and data will typically be 

returned within 6 months. 

Benthic algae sampling for this project will be conducted in the late spring / early summer.  

Epilithic diatoms are the target community.  Surface water grab chemistry will be collected at the 

same time as biological collections.  Ten percent of samples will be replicated for quality 

control.  In-stream habitat measurements and observations including canopy cover, sampling 

water depth and site photographs will also be collected at benthic algae sample locations to 

characterize the site.  Continuous temperature probes will be placed at the sample location for 

one-year recording stream temperature at 1 hour intervals. 

B2.  Sampling Methods Requirements 

The sampling method requirements for this project are shown in Table 7.  The table presents 

information on the parameters, sampling techniques, sample area or volume, sampling 

preservation, analysis location, and reference to the respective SOP detailing sampling and 

analysis procedures.  Equipment for sampling biota (e.g. jars for algae, algae scraping tools) are 

provided and maintained by CT DEEP.  Containers for water chemistry grab samples are 

provided by the University of Connecticut Center for Environmental Sciences and Engineering 

Lab (CESE).  Where required, all materials used will be prepared as specified in the respective 

SOPs.  Chemicals required for sample preservation will be provided by CT DEEP. 

Guidance on specific algal and grab chemistry sampling methods is provided in their respective 

SOPs (Appendix B).  In addition, an aquatic nuisance diatom, Didymosphenia geminata 

(didymo), was recently found in Connecticut.  CT DEEP Inland Fisheries Division is currently 

developing procedures for equipment inspection and cleaning to avoid the distribution of aquatic 

nuisance species.  This study will follow those procedures once adopted and report observations 

of didymo to the Inland Fisheries Division.  Also, if the taxonomic lab identifies didymo in a 

sample they will immediately report that information to CT DEEP. 
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Parameter Sampling 

Technique 

Sample 

area/vol. 

Sample 

Preservation 

Maximum 

Holding Time 

Analysis 

Location 

SOP Quality Control 

Procedure 

BIOTA:        

Benthic Algae 
rock 

substrate 

100-m 

reach 

2 % Lugol’s 

Solution 
2 Months 

Field; CT 

DEEP;  

Contract Lab 

Taxonomist 

Appendix 

B1 &  B5 

Collect 1 duplicate 

field sample in 10 

/10% Re-

Identification 

Quality Control 

Check By 

Taxonomist 

WATER QUALITY: 

Ammonia as N 
surface grab 

sample 
1.89 L 

4C delivered 

to lab within 

12 hrs 

otherwise 

freeze 

28 Days Contract Lab 
Appendix 

B2 & B4 

Collect 1 duplicate 

field sample in 10 / 

Collect 1 field 

blank (milli-Q)  

per sampling event 

Nitrate as N 
surface grab 

sample 
1.89 L 

4C delivered 

to lab within 

12 hrs 

otherwise 

freeze 

28 Days Contract Lab 
Appendix 

B2 & B4 

Collect 1 duplicate 

field sample in 10 / 

Collect 1 field 

blank (milli-Q)  

per sampling event 

Nitrite as N 
surface grab 

sample 
1.89 L 

4C delivered 

to lab within 

12 hrs 

otherwise 

freeze 

28 Days Contract Lab 
Appendix 

B2 & B4 

Collect 1 duplicate 

field sample in 10 / 

Collect 1 field 

blank (milli-Q)  

per sampling event 

NOX (nitrate-nitrite 

as N) 

surface grab 

sample 
1.89 L 

4C delivered 

to lab within 

12 hrs 

otherwise 

freeze 

28 Days Contract Lab 
Appendix 

B2 & B4 

Collect 1 duplicate 

field sample in 10 / 

Collect 1 field 

blank (milli-Q)  

per sampling event 

Total Dissolved 

Nitrogen 

surface grab 

sample 
1.89 L 

4C delivered 

to lab within 

12 hrs 

otherwise 

freeze 

28 Days Contract Lab 
Appendix 

B2 & B4 

Collect 1 duplicate 

field sample in 10 / 

Collect 1 field 

blank (milli-Q)  

per sampling event 

Total Phosphorus 
surface grab 

sample 
1.89 L 

4C delivered 

to lab within 

12 hrs 

otherwise 

freeze 

28 Days Contract Lab 
Appendix 

B2 & B4 

Collect 1 duplicate 

field sample in 10 / 

Collect 1 field 

blank (milli-Q)  

per sampling event 

Orthophosphate 
surface grab 

sample 
1.89 L 

4C delivered 

to lab within 

12 hrs 

otherwise 

freeze 

14 Days Contract Lab 
Appendix 

B2 & B4 

Collect 1 duplicate 

field sample in 10 / 

Collect 1 field 

blank (milli-Q)  

per sampling event 

Chlorophyll a 
surface grab 

sample 
1.89 L 

filter within 

24h, freeze 
28 Days Contract Lab 

Appendix 

B2 & B4 

Collect 1 duplicate 

field sample in 10 / 

Collect 1 field 

blank (milli-Q)  

per sampling event 

Dissolved Oxygen 
YSI field 

meter 
NA NA NA 

Field; CT 

DEEP 

Draft CT 

DEEP SOP 

Pre & Post Quality 

Control Check by 

CT DEEP 
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Parameter Sampling 

Technique 

Sample 

area/vol. 

Sample 

Preservation 

Maximum 

Holding Time 

Analysis 

Location 

SOP Quality Control 

Procedure 

pH 
YSI field 

meter 
NA NA NA 

Field; CT 

DEEP 

Draft CT 

DEEP SOP 

Pre & Post Quality 

Control Check by 

CT DEEP 

Specific 

Conductance 

YSI field 

meter 
NA NA NA 

Field; CT 

DEEP 

Draft CT 

DEEP SOP 

Pre & Post Quality 

Control Check by 

CT DEEP 

Temperature 

(Instantaneous)  

YSI field 

meter 
NA NA NA 

Field; CT 

DEEP 

Draft CT 

DEEP SOP 

Pre & Post Quality 

Control Check by 

CT DEEP 

HABITAT: 

Continuous 

Temperature 

Hobo water 

temperature 

data logger 

NA NA NA 
Field; CT 

DEEP 

Appendix 

B3 

Pre & Post Quality 

Control Check by 

CT DEEP 

Canopy Cover Densiometer NA NA NA 
Field; CT 

DEEP 

EPA 2009; 

Appendix 

B1 

Field Quality 

Control Check by 

CT DEEP Field 

Lead 

Stream Depth Meter Stick NA NA NA 
Field, CT 

DEEP 

Appendix 

B1 

Field Quality 

Control Check by 

CT DEEP Field 

Lead 

Table 7.  Sampling Method Requirements for Project 

B3.  Sampling Handling and Custody Requirements 

The principal investigator or designated staff lead will be responsible for ensuring correct sample 

handling by ensuring availability of all required sampling supplies in the field; properly labeling 

all sample containers for samples in the field; recording all relevant sampling information on the 

respective field sheets and chain-of-custody forms; and handling the transfer of all samples from 

the field to laboratories for analysis.  See Appendix A for examples of project field forms, COCs 

and sample labels. 

B4. Analytical Methods Requirements 

Analytical information and relevant SOPs for all project tasks are listed in Table 7. 

B5.  Quality Control Requirements 

Acceptable relative percent difference values and accuracy levels for quality control procedures 

for field and laboratory techniques are shown in Table 4.  The analysis of field duplicates 

measure only the precision for the actual analysis.  The frequency of lab and field duplicates is 

shown in Table 7.  If problems with field duplicates for parameters analyzed in the lab are 

detected before the end of the field season, every effort will be made to resample the parameter. 
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B6.  Equipment Testing Inspection and Maintenance Requirements 

 B7.  Equipment Calibration and Frequency 

Equipment for this study will be tested, inspected and maintained according to procedures 

specified in the respective SOPs referenced in Table 7.  In general all equipment, such as 

sampling jars and other supplementary equipment will be inspected for any defects prior to 

sampling and replaced if defects are found.  Equipment used repeatedly will also be inspected for 

cleanliness and cleaned prior to sampling, as well as in between sites.  Specific procedures for 

equipment inspection and cleaning to avoid the distribution of aquatic nuisance species are 

currently being developed by the CT DEEP Inland Fisheries Diversion and will be adhered to 

while conducting sampling for this project. 

B8.  Inspection/Acceptance Requirements for Supplies and Consumables 

Supplies and consumables used for this project will be obtained from the CT DEEP Monitoring 

and Assessment Program, CT DEEP Water Quality Standards and TMDL program, contract 

laboratories (e.g. grab sample containers) or other State contracted sources for scientific supplies 

(e.g.  Fisher Scientific:  Lugol’s Solution for preserving diatom samples).   For each sampling 

event, the principal investigator or designated staff lead will inspect all needed sampling 

equipment and supplies to ensure that they are available, in good working condition and suitable 

to collect high quality data.  Extra equipment and supplies will be brought into the field in the 

case that there is equipment/supply failure during the field day. 

B9.  Non-direct Measurements 

Additional biological (i.e. macroinvertebrates and fish), chemical and habitat data collected as 

part of the CT DEEP ABM program may be used to enhance the study and provide comparisons 

to diatom community responses.   CT DEEP ABM program data is collected using consistent 

standard operating procedures established by the program.  Any additional ABM data used will 

be reviewed by the principal investigator to determine if the information is consistent with the 

data quality objectives of this study.  GIS data may be used to better characterize enrichment 

conditions at sampling sites and within the upstream drainage basin by using relevant land 

cover/use, physical and habitat data layers (e.g. percent forest cover, percent stratified drift, 

elevation).  The principal investigator will review the metadata for all GIS data to assess the 

quality of the data and deem if it is acceptable for use in the study.   In addition, historical and 

current USGS stream discharge records may also be used to gain information on flow conditions 

at each of the sites during the time of sampling.  CT USGS data was collected in accordance to 

national peer-reviewed protocols (Moulton et al 2002; Wagner et al 2006), which will be 

reviewed by the principal investigator and determined to meet the data quality objectives of this 

study. 

 



QAPP   

Aquatic Life Response to Cultural Eutrophication in CT Freshwater Wadeable Rivers and Stream (2012 – 2015)      

 

21 
 

B10.  Data Management 

All data collected for the project will be handled according to the data management procedures 

established by WPLR.  The data will be entered into the CT DEEP Ambient Water Quality 

Exchange (WQX) database, a robust SQL database designed for WPLR to import biological, 

chemical and physical stream samples and export data to the EPA WQX database and other 

formats for analysis.  The laboratory analyzing water chemistry samples will send laboratory 

reports and QA/QC results to the respective task managers as soon as they are available.  A 

synoptic reference collection of algal specimen photos will be sent to CT DEEP after 

identification and retained at CT DEEP indefinitely.   Taxonomists will send identification 

records to CT DEEP as soon as they are available.  The principal investigator or designated staff 

lead will keep originals of all field data sheets, laboratory taxonomic, quality control records, and 

miscellaneous correspondence and notes related to the respective tasks in the appropriate 

dedicated storage locations.  Electronic copies of these documents, if available, as well as 

databases developed specifically for the study will be stored on CT DEEP computers and 

backed-up on the CT DEEP network at the end of each day. 

C.  ASSESSMENT AND OVERSIGHT 

C1.  Assessments and Response Actions 

The principal investigator is responsible for ensuring that all QA/QC procedures described above 

are adhered to for this study.  The principal investigator or experienced senior level field staff 

will be present for each sampling event to ensure procedural consistency throughout the study.  

Prior to leaving a sampling site, the principal investigator or senior field staff member will 

inspect field data sheets for completeness and accuracy.   Sample containers will be inspected for 

damage, tight lids and complete/correct labeling.  Field staff will record any problems 

encountered during data collection, sample processing or data analysis and take remedial action 

when required.  This may include re-sampling a parameter, replacing/repairing equipment or 

supplies, qualifying data or eliminating data from further consideration.  Daily progress and any 

potential problems encountered during the study will be communicated to the Project QA Officer 

and Project Supervisors. 

The principal investigator or senior field staff will inspect field data sheets and verify data 

packages submitted to contract laboratories are complete and accurate.  The principal 

investigator or senior field staff will also review data upon receipt from contract 

laboratories/taxonomists to validate the data according to procedures described in section D2 and 

to ensure that it meets the data quality objectives described in section A7 and Table 4, prior to 

adding this information to the CT DEEP WQX database.  If deficiencies are noted in contract 

laboratory results, the contract laboratory will be notified and an attempt will be made to 

determine the nature of the problem and rectify it if possible.  Contract laboratories are 
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responsible for contacting CT DEEP with regard to internal problems regarding sample 

processing (e.g., loss/spillage of sample, internal quality control exceedences). 

C2.  Management Reports 

Daily sampling event information is logged into the WQX database and field data sheets are filed 

at the end of each sampling day or on the day following the sampling event.  Daily progress and 

any potential problems encountered in the field during the study will be communicated to the 

Project QA Officer/Supervisor.  Any potential issues and remedial action taken during sampling 

events are documented through interdepartmental memos immediately following the event.  A 

final report for the study will identify any deviations from data quality objective and resulting 

limitations on data use. 

D.  DATA VALIDATION AND USABILITY 

D1.  Data Review, Verification and Validation 

The principal investigator or designated staff lead will be responsible for reviewing, validating 

and verifying all data meets the data quality objectives specified in this QAPP during collection 

and upon receipt from contract laboratories/taxonomists.  The principal investigator will 

determine whether to accept, reject or qualify the data for this project based on this review.  

D2.  Verification and Validation Methods 

 D3.  Reconciliation with User Requirements 

The principal investigator will be responsible for data validation and verification for this project.  

Data recorded in the field will reviewed and validated for completeness and accuracy on the day 

of sampling.  Field meta-data entered into the WQX database will be verified and validated to 

ensure consistency with field sheets by the principal investigator or designated staff lead.  Any 

inconsistent data between the database and field sheets will be reconciled.  The principal 

investigator or designated staff lead will further validate data by analyzing the quality control 

data upon receipt from contract laboratory/taxonomist prior to entry into the WQX database.  

This includes review of laboratory / taxonomist QC reports, review of chain-of-custody 

information, calculations of field duplicate and field blank relative percent differences (RPD) 

and a review for data outliers (e.g. species not typically found in the State, chemical values 

outside the range of typically values in the State).  Any deviations from data quality objectives 

will be rectified by editing incorrect entries, re-sampling / re-analyzing when possible or 

excluding questionable data. 
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1.0 PURPOSE AND APPLICABILITY  

 

The purpose of this Standard Operating Procedure (SOP) is to provide standardized methods 

for collecting benthic epilithic algal biomass and diatom species composition data in high 

gradient wadeable rivers and streams.  Benthic algae are micro- and macroalgae that grow on 

the bottom substrate of a waterbody, such as rocks, logs and mud.  This SOP concentrates on 

the collection of benthic microalgae in the Bacillariophyta group commonly referred to as 

diatoms.  There are several types of microhabitats where diatoms are found.  This SOP 

specifically focuses on epilithic diatoms.  Epilithic diatoms grow on hard relatively inert 

substrata that are typically bigger than most algae, such as gravel, pebble, cobble and boulder 

(Stevenson et al 1996).   This SOP applies to the collection of benthic algae from wadeable 

high gradient rivers and streams in Connecticut.    This SOP describes the collection of 

quantitative biomass and species composition data generally by scraping periphyton 

(microscopic algae, bacteria and fungi that grows on the bottom substrate of a stream or river 

(Stevenson et al 1996)) from rocky substrata in high gradient streams and sending samples to 

a lab for taxonomic and chemical analysis.  This SOP generally follows protocols set forth by 

the United States Geological Survey (USGS) National Water Quality Assessment Program 

(NAWQA) (Porter et al 1993; Moulton et al 2002) and Environmental Protection Agency 

(EPA) Office of Water (Barbour et al 1999).  

 

2.0 APPARATUS/ EQUIPMENT 

 

2.1 Tackle Box 

(a) Permanent marker 

(b) Pencils 

(c) Scissors 

(d) Utility knife  

(e) Water Proof Paper 

(f) Covered Clipboard 

(g) Paper Towels 

(h) Kimwipes 

(i) Strapping, clear and labeling tape 

(j) Coolers and Ice 

2.2 Field Measurements 

(a) Densiometer 

(b) Digital Camera 

(c) Meter Stick 

2.3 Natural Substrate Sample  

(a) Assorted brushes for removing algae from rocks 

(b) Wax Pencil 
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(c) Metal knife for scraping rocks 

(d) Large white sample trays 

(e) Widemouth nalgene bottles (250 ml) 

(f) Funnel 

(g) 12 inch ruler 

(h) Squirt Bottle  

(i) Poultry Baster 

(j) Heavy Duty Aluminum Foil 

(k) Re-sealable Plastic Bags 

2.3 Field Sheets and Sampling Labels 

(a) Algae Field Sheets 

2.4 Laboratory 

(a) Bottle of Lugol’s Iodine Solution 

(b) Pipette and bulb for measuring Lugol’s Solution 

(c) 250 ml beaker 

(d) Whatman glass fiber filters, 47-mm diameter disks, 0.7 µm pore size 

 

3.0 GUIDELINES AND PROCEDURES 

3.1 Sampling Period 

3.1.1 Benthic epilithic diatoms samples can be collected at any time during the 

year however should take place during periods of stable flow.  Sampling 

during the winter is not recommended, particularly if the study is intended 

to capture current environmental conditions, because as cell growths are 

typically lower and the diatom communities typically react more quickly 

to changes in water quality conditions in warm conditions than cold 

(STAR 2002, Kelly 1998).  However, in some cases the poorest water 

quality may be experienced in the winter and a particular study may want 

to capture these conditions. 

3.1.2 Repeated yearly sampling of epilithic diatoms in high gradient rivers and 

streams should occur between June 1 and July 31 unless there are 

circumstances that prohibit sampling (e.g. prolonged high flows).  The 

light regime can affect the diatom community structure and physiological 

processes.  This period is centered approximately around the longest day 

of the year exposing algae to consistent light conditions.   Deciduous trees 

are typically fully leafed-out by this time period as well.  High flows can 

wash away loosely attached species during spates (Stevenson, 1990).  

Average stream flows during this time period are decreasing and should 

no longer be influenced by spring snowmelt.  Late spring / early summer 

appears to be the time period when diatoms dominate the phytobenthos 

and before algal mats begin to senesce (Moore 1977; Danielson 2006). 
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(a)  It is recommended that sampling is delayed approximately 4 weeks 

following a flood with a recurrence interval greater than 5 years 

(Porter et al 1993). 

(b) It is recommended that sampling is delayed at least 3 weeks following 

a major storm that causes extensive scouring (Stevenson & Bahls 

1999).  

3.2 Site Characterization 

3.2.1 Establish Sampling Locations 

(a) If possible, sample locations should be scouted out prior to sampling to 

ensure that appropriate habitat is available. 

(b) Sample reaches need to contain: 1.) Areas of riffles and/or runs and 2.) 

Rocky substrate for sampling.  If these criteria are not met, the location 

is not appropriate for this project.  

(c) Sample areas should be contained within a 100 m reach. 

(d) If possible, identify three riffles and/or run sections within the 

sampling reach for sampling.  If three riffle and/or run sections are not 

present within the reach, identify the number of sections that are 

available for sampling.  

(e) Avoid heavily shaded sites except when it is characteristic of the 

stream reach under study; select unshaded sites if possible  

(f) Locate areas with moderate water velocity.  Try to avoid areas with 

little or excessive water velocity.  

3.2.2 Characterization Canopy Cover 

(a) Measure canopy density with spherical densitometer; take 

measurement midstream at the center of each of the sampling reach 

sections, in areas which rocks will be/were collected.   Follow 

procedures in the 2009 U.S. EPA Wadeable Streams Assessment Field 

Operation Manual. 

3.2.3 Measuring Stream Depth  

(a) Measure the stream depth at each sampling area with 

meter stick.  Place meter stick in stream while facing 

upstream and take reading (Fig 1). 

3.2.4 Pictures 

(a) Take pictures both upstream and downstream and of 

typical rocks in streams with typical algal growth.  

3.3 Collect Composite Samples For Algal Species Composition 

3.3.1 Clean sample trays, brushes and other equipment with 

clean stream water 

3.3.2 Collect a minimum of 5 rocks from the identified 

Figure 1 
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sampling sections.  

(a) Select rocks that are most representative of the site.  A good strategy is 

to collect more rocks than are needed, randomly, then keep the five 

that are most representative (Ponader & Charles, 2005). 

(b) Cobbles are generally preferred over boulders as they are easier to 

handle.  Pebbles can also be used where cobbles are not available 

(diatom communities may be more readily disturbed by hydrological 

conditions on pebbles (STAR, 2002)).  When cobbles are not available 

and pebbles can only be sampled instead, at least 10 substrata should 

be sampled.  

(c) Select rocks from the main part of the river, avoiding very near shore, 

if possible.  

(d) Avoid rocks that are smothered with filamentous algae as much as 

possible.  However, when all rocks at a sampling site are covered with 

filamentous algae, colleting 

diatoms from a few rocks that 

are not covered would not 

result in a ‘representative’ 

sample. When rocks are 

smothered with filamentous 

algae, remove the filamentous 

algae by hand and hold rocks 

briefly in flowing water to 

remove loosely attached 

material (STAR, 2002). 

3.3.3 Place the five selected rocks in a 

shallow white pan ensuring the 

surface exposed to stream flow is 

facing upward.  Prepare 3 X 5 

card with site name, date and river 

section.  Place label near pan and 

take picture of rocks in pan (Fig 

2). 

3.3.4 Pick up a rock and hold it over a 

second clean sample tray.  

Identify where periphyton are 

attached to the rock and with red 

wax pencil draw a line around the middle side portion of the rock.  The 

area above this line represents the sampling area to be scraped (Fig 3).   

Figure 2 

Figure 3 
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3.3.5 Scrape all periphyton from the 

rocks using brushes or knife 

down to the red line.  Rinse 

scraped algae into the sample 

tray using a fine spray and/or 

poultry baster filled with clean 

river.  Repeat steps 3.2.4 and 

3.2.5 for all five rocks (Fig 4 & 

5). 

3.3.6 Pour composite rock sample 

contents from the dishpan 

through a funnel into a 

graduated beaker.  (Rinse the 

tray and equipment to ensure 

all algae are in the beaker). 

3.3.7 Add clean river water or Milli-

Q water to the beaker until 

there is a multiple of 50 ml 

(e.g., 100 ml, 150 ml) and 

record the amount on the field 

sheets. 

3.3.8 Pour the sample from the 

beaker into a wide-mouth 

nalgene bottle (typically 250 

ml or 500 ml in size) (Fig 6).  

Place the bottle on ice inside a 

cooler and keep in the dark 

until the sample is processed in 

lab. 

3.3.9 Wrap aluminum foil around the 

surface of each cobble, 

covering the area that was 

scraped down to the red line.  

Mold the foil tightly and trim 

the excess foil from the bottom 

edge of the scraped area.  

Remove the formed foil from 

each rock and flatten by 

making a series of radial cuts 

Figure 3 

Figure 4 

Figure 5 

Figure 2 
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(Fig 7).  Dry the foil templates and place in a labeled re-sealable plastic 

bag.  The areas for all rocks sampled in the reach are summed and the total 

area recorded on the Quantitative Targeted- Habitat Periphyton Field Data 

Sheet and sample labels. 

3.3.10 Thoroughly clean all equipment, especially brush bristles, in water before 

leaving the stream.  Discard brushes if they get too grimy or difficult to 

clean. 

3.4 Collect Composite Samples for Algal Biomass (Chlorophyll a) 

3.4.1 Collect an additional 3 rocks from the identified sampling sections. 

3.4.2 Pick up a rock and hold it over a second clean sample tray.  Identify where 

algae are attached to the rock and with red wax pencil draw a line around 

the middle side portion of the rock.  The area above this line represents the 

sampling area to be scraped.   

3.4.3 Scrape all algae from the rocks using brushes or knife down to the red 

line.  Rinse scraped algae into the sample tray using a fine spray and/or 

poultry baster filled with clean river.  Repeat steps 3.3.2 and 3.3.3 for all 

three rocks. 

3.4.4 Pour composite rock sample contents from the dishpan through a funnel 

into a wide-mouth nalgene bottle (typically 125 ml or 250 ml).  (Rinse the 

tray and equipment to ensure all algae are in the beaker). 

3.4.5 Wrap aluminum foil around the surface of each cobble, covering the area 

that was scraped down to the red line.  Mold the foil tightly and trim the 

excess foil from the bottom edge of the scraped area.  Remove the formed 

foil from each rock and flatten by making a series of radial cuts.  Dry the 

foil templates and place in a labeled re-sealable plastic bag.  The areas for 

all rocks sampled in the reach are summed and the total area recorded on 

the Quantitative Targeted- Habitat Periphyton Field Data Sheet and 

sample labels.  

(a) Process samples as quickly as possible after collect ion to minimize 

degradation.  Samples must be processed within 24 hours of sample 

collection.  

3.4.6 Thoroughly clean all equipment, especially brush bristles, in water before 

leaving the stream.  Discard brushes if they get too grimy or difficult to 

clean. 

3.5 Processing Samples in the Lab 

3.5.1 Processing Natural Substrate Composite Samples For Algal Species 

Composition 

(a) Identify the sample volume on the sample label and on field sheets.  

Add 1 ml of Lugol’s solution from each 50 ml of sample in the 

nalgene bottle.  Record the preservation volume on the field data sheet.   
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(b) Samples can be temporarily stored (one month) in a dark refrigerated 

area prior to shipping them off to the lab for taxonomic analysis.  

3.5.2 Processing Natural Substrate Composite Samples for Algal Biomass 

(Chlorophyll a) 

(a)  Using clean forceps, place a Whatman glass fiber filter, (47-mm 

diameter disk, 0.7 µm pore size) on the filter base of vacuum filter 

apparatus and wet with deionized water. 

(b) Homogenize the microalgal sample component.    Shake the sample 

component vigorously for about 30 seconds to ensure that it is well 

mixed before extracting subsamples. 

(c) Extract two 5-mL aliquots of homogenized microalgal sample using 

pipette and dispense onto the wetted glass-fiber filter.  Filter the 

aliquots.   Examine the filter.  An adequate amount of microalgal 

biomass for analysis is indicated by the green or brown color of 

material retained on the filter.  Extract additional 5 mL aliquots and 

filter until the desired level of biomass is obtained.  

(d) Determine the number of 5 mL aliquots filtered and record the 

subsample volume on the field data sheet. 

(e) Rinse the funnel sides with deionized water; allow the water to be 

vacuumed completely before releasing the vacuum from the filtering 

apparatus. 

(f) Remove the filter from the base with forceps and fold it into quarters 

with filtered biomass inside.  Wrap each filter in a small piece of 

aluminum foil.  Label the foil with the following required information:  

site, collection date, total sample area, sample volume, subsample 

volume, and sample identification code.   

(g) Place foil in re-sealable plastic bag and freeze (at -20ºC).  

Ship/transport to lab as soon as possible maintaining frozen state. 
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1.0 PURPOSE AND APPLICABILITY  

 

The purpose of this Standard Operating Procedure (SOP) is to provide standardized methods 

for collecting water grab samples from wadeable rivers and streams for nutrient criteria 

development.  This SOP applies to the collection of general chemical and nutr ient grab 

samples for water chemistry analysis. 

 

2.0 APPARATUS/ EQUIPMENT 

 

2.1 Water Samples 

(a) Containers for all sample parameters provided by lab (typically 2 L jugs)  

(b) Lab Chain of Custody Sheets  

2.2 Miscellaneous Supplies  

(a) Pencils 

(b) Permanent marker 

(c) Cooler with ice 

 

3.0 GUIDELINES AND PROCEDURES 

 

3.1 Sampling Period 

(a) General chemistry and nutrient grab samples can occur anytime throughout the year 

and are variable with project for which samples are collected. 

3.2 Collecting Water Grab Samples in the Field 

(a) Water samples for the river and stream are collected for all or a subset of the 

following parameters:  Total Dissolved Phosphorus, Orthophosphate, Chlorophyll a, 

Ammonia as N, Nitrate as N, Nitrite as N, Nitrate-Nitrite as N, Total Dissolved 

Nitrogen, Alkalinity, Hardness, Total Suspended Solids, Total Solids and Chloride. 

(b) Label sampling bottle with site number, date, time and sample parameter group (i.e. 

General Chemistry/Nutrients).  Record site number, date, time and number of bottles 

on the chain of custody form.  

(c) Wade to center stream channel or as close to the center stream channel as is safely 

possible.  Collect water samples facing upstream.  Avoid stirring upstream bottom 

sediment or wading upstream prior to collecting grab sample.  

(d) Avoid touching the inside or lip of the sample bottles or caps. 

(e) Rinse sample containers in stream water three times.  

(f) Hold uncapped bottle upside down and submerse it just below the stream surface.  

Tip the bottle upright and fill the bottle with water.  If water sample is to be frozen, 

leave about an inch of air space at the top of the bottle.  

(g) Remove bottle from water and securely screw on the cap. 
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(h) Store and transport samples in cooler with ice. 

(i) Complete the chain of custody sheet.  

(j) Drop off samples at the laboratory at the end of the day or early the next morning, 

storing the samples in the refrigerator overnight with chain of custody sheet.   If 

samples are to be stored for longer than 24 hours, freeze and transport to lab within 

lab SOP specified holding times. 

 

4.0 QUALITY CONTROL 

4.1 At the beginning of each season, all CT DEEP staff and field personnel who will 

collect water grab samples will have a training/refresher session to familiarize 

themselves with the contents of this SOP. 

4.2 Prior to going out into the field to collect water chemistry f ield staff need to generate 

a field blank for each set of parameters in the lab.  

(a) Label sampling bottle with site number, date, time and sample parameter group 

(i.e.  General Chemistry/Nutrients).  Record site number, date and time on chain 

of custody form. 

(b) Avoid touching the inside or lip of the sample bottle or caps. 

(c) Rinse sample containers with Milli-Q water three times.  

(d) Fill sample bottle with Milli-Q water.  If water sample is to be frozen leave about 

an inch of air space at the top of the bottle.  Securely screw on cap. 

(e) Store and transport field blank in cooler with ice where field samples will be 

stored. 

4.3 For every 10 water grab samples collected for laboratory analysis, 1 duplicate sample 

must be collected at a random station and processed by the same laboratory.  

4.4 Quality control samples analyzed in the laboratory are specified in the respective 

SOPs and generally include duplicate, spiked and blank samples.  
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1.0INTRODUCTION

Ambient water temperature in rivers and streams is an important parameter to measure
for the Connecticut Department of Environmental Protection (CTDEP) ambient
monitoring program. Continuous water temperature measurements are typically recorded
during low flow, high stress warmer summer months (June-September) at site locations
where CTDEP has an interest evaluating the biological communities (e.g. fish,
macroinvertebrates, and periphyton). In addition, annual continuous water temperature
measurements are often included in sampling programs to assess long-term trends at
selected reference sites. Other potential reasons CTDEP collects continuous water
temperature data include assessing permit compliance, and other research projects.

It is the responsibility of the project manager to ensure that all individual(s) deploying
temperature loggers are familiar with these Standard Operating Procedures.

2.0 APPLICIBILITY

This document provides CTDEP’s standard operating procedures (SOP) to measure
continuous water temperature using ONSET® Brand HOBO® and TidbiT® data loggers
(Figure 1) in wadeable rivers and streams.

Figure 1. (A) TidbiT® v2 and (B) HOBO® Water Temp Pro v2 data loggers.

CTDEP has performed several side by side deployments of TidbiT® v2 loggers and
HOBO® Water Temp Pro v2 loggers and always found that data loggers provide
consistent water temperature measurements (Figure 2). Therefore, either TidbiT® v2 or
HOBO® v2 is acceptable to measure water temperature for applications represented by
this SOP.
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Figure 2. Water temperature from Furnace Brook (Station ID 543), Stafford, CT, measured with
HOBO® Version 2 and TidbiT® Version 2 from 10/22/2009 to 5/6/2010.

3.0 LABORATORY PREPARATION

3.1 Data Logger Accuracy

Data loggers should be checked for accuracy before their first field deployment using the
following procedures.

1. Connect the logger to the HOBOware® software using the appropriate base station
coupler. Program the data logger for 1 minute sampling interval and launch.
2. Submerge data logger(s) in ice bath and place in temperature certified walk-in cooler
in Laboratory Room 217 at 10 Clinton Street, Hartford CT.
3. After 1 hour, without removing the data logger(s) from the refrigerated water bath,
take three readings within a 5-minute span with a National Institute of Standards and
Technology (NIST) certified thermometer to the nearest 0.1 °C.
4. Calculate the mean of the three temperature readings from the NIST certified
thermometer.
5. After 1 hour, take data logger out of ice bath, stop logging, and download the data.



SOP file:M:\QAPP_SOPs\Water Temp\
Revision #0, Effective Date: 1/31/2011

6. Make sure readings measure approximately 0 degrees C, within the tolerance of the
data logger per the manufacturer’s specifications (Figure 3). Compare the mean value
from the 3 reading from the NIST certified thermometer with the data logger.
7. If the data logger measures the temperature within the acceptable tolerance per the
manufacturer’s specifications, note as "pass" in Water Temperature log book. The logger
is then acceptable for field deployment. The Water Temperature Log book should contain
the date of accuracy check, logger serial number, 3 values from NIST certified
thermometer, mean value of 3 NIST certified thermometer readings, and notation of pass
or fail.
8. Tag acceptable thermometers as "laboratory certified for field" with calibration date
and certifier’s initials.

3.2

Beyond the initial accuracy check, data loggers should be tested for accuracy every 12
months using the same procedures as outlined above.

Setting up the Logger

Be certain to have the latest version ofHOBOware® software. You can check for the
latest version www.onsetcomp.com. Follow these steps to set the logger up for
deployment:

1. Connect the logger to the HOBOware® software using the appropriate base
station coupler. Note that the first time you launch the logger, the deployment
number will be greater than zero because Onset® launches the loggers to test
them prior to shipping.

2. Name each logger with Serial Number, Station ID, Stream Name
3. Set the appropriate sampling interval that meets the objectives of your

deployment. Typical sampling interval is hourly, but special projects may require
an alternate interval. Remember that as the sampling interval is increased, the
more internal memory is used and you will have to take this into consideration
when scheduling retrieval.

4. Set the logger for delayed launch for the next hour and place in the temperature
certified walk-in cooler in Laboratory Room 217 at 10 Clinton Street, Hartford
CT for pre-field calibration.

5. Check the status of the logger to make sure that the proper serial number, station
ID Stream name, sampling interval has been set. Also, check the status of the
battery. TidbiT® v2 has a non-replaceable 3V battery. If it reads < 2.7 (low
battery), the logger should not be deployed. The battery in the HOBO® Water
Temp Pro v2 is a 3.6 V lithium battery. If the battery falls below 3.1 V, the logger
will record a "bad battery" event in the data file. If the data file contains "bad
battery" events, or if logged battery voltage repeatedly falls below 3.3 V, the
battery is failing and the logger should be returned to Onset® for battery
replacement.
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A Specifications
Temperalure Sensor

Operation range*

Accmacy

Resolution

Response rime

Stability (drift)
Logger
Real-time clock
Battery
Battery life (typical use)

Memory (~oa-volatile)

Dimemions
Wetted martials
Watert~oof

Logging intea-val

Launch mo~s
Offload modes
Battery mdicatinn
NIST ceaificate

-20° to 70°C (-4~ to 158ff3 in air:
maxmalnn sustained tempea-arare of30°C (86°Y) m water*
0.2°C over 0° to 50°C (0.36°F over 32~ to 122~Y),
s~ Plot A
0.02~C al 25~C (0.~F a177~F), s~ Plot A
5 ~tes ~wat~ 12 ~utes ~ ~mo~ 2
20 ~utes ~ ~ moving 1 m,~c (b~cal ~o ~%)
0J~C (0.18~D ~ye~

~ 1 ~ute ~ m~ 0° to 50°C 02~ to 122~F)
3 ~It fi~ mn-r~laceable
5 3~ ~ 1 ~ute ~ ~eat~ lo~mg

I

/,~

/

64K ~byles memory (al~’OX- 42.000 12-hi1 temperartne
mea~cem~mts)

Plot A23 g 0.8 oz)
3.0 x 4.1 ~ 1.7 ~ (1.2 z 1.6 x 0.65 m); ~untmg ~ 4.6 ~ Oq6 m) di~aet~
~o~" c a~
To 305 m(l~ if)
FLu&rate or m~tiple logging mt~’als, wi~ ~ to 8 m~-~d l~gmg mt~s md ~ati~s: log~g ~Ms from
1 ~coM to 18 ho~s. ~f~ to HOBO, me so.vine m~t~.
Immediate start, delayed start, triggered start
Offload wkile logging; stop and offioad
Battery level can be viewed in status screen and optionally logged in datafile. Low battery indication in datafile.
Available for additinml charge

The CE Marking idemifie~ this proditct as complying with the relevant directives in the European Union (EU’).

* To guarantee accusal-, the Tidbit v2 Temp must not be reed in condensing envtronments and water temperatures higher than 30C (86F) for more
than eight cumtflative week~ over the life of the logger. Frequent or prolonged exposure will lead to measuretaent &ill ,and eventual failure.

r B
Specifications

Temperature Sensor

Ol0eration range

Accuracy

Resolulioa

Response tune (9o%)

Stabilib- (drift)
Logger
Real-time dock

Battery life ($’pical use)

Memory (aoa-volatfle)

Weight
Dimeminm
Wetted materials
Buoyancy (fresh water)
Waterproof
Shocl~’drop

Logging mtea-val

Launch modes

Offioad modes
Bal~ea-y indication
NIS-f eea’tificate

= I mtm~te per mun~ 0° ~o 50~C (32° to 122°F)
213 AA. 3_6 Volt Lithium. factory-replaceable ONLY
6 years vdth 1 mmme or greater logging inteaval
64K bytes memory (ap!~ox 42.000 12-bit temperature
measurements)

Plot A42g(15 oz)
3.0 cm (1.19 m) maxamum diameter. 11.4 cm (45 in_) length; mounlmg hole 6.3 mm (0.25 inches) diameter
Polypropyleae case_ EPDM o-rings, stainless steel retaining ring
÷13 g (0.5 oz.) ia ~esh water at 25°C (77°F); -17 g (0.6 oz_) with oplional boot
To 120 m (400 ft.)
1_5 m (5 t~.) drop at 0°C to 70°C (32°F to 150~F)
Fixed-rate or multiple logging intervals, with up to 8 user-de£med logging intervals ,and dua’mioas; logg~g intervals
from 1 second "~o 18 houzs. R~er to HOBOware soft, rare manual.
Immediate start and delayed start

Offioad while log~g; s~op and offioad
Baltery voltage can be x4ewed in status screen and optionally logged in dataffle. Low baltery indical~on in dataILle.
Available fo~ addilional charge

Figure 3. Manufacturer’s specifications for (A) TidbiT® v2 logger and (B) HOBO® Water Temp
Pro v2 logger.
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3.3

3.4

Data Logger Pre-Field Calibration

Loggers set for delayed launch will begin recording in the temperature certified walk-in
cooler in Laboratory Room 217 at 10 Clinton Street, Hartford CT. Allow loggers to
record at a minimum overnight.

Remove logger(s) from walk-in cooler and connect to HOBOware® software using the
appropriate base station coupler. Select readout and stop logger from logging. Check the
recorded temperature of the logger against a NIST certified thermometer located in the
walk-in cooler. The pre-field calibration is considered acceptable if temperature range is
within acceptable tolerance of the NIST certified thermometer. If the logger temperature
is more the tolerance described by the manufacturer from the NIST certified
thermometer, do not deploy the logger. All calibration data should be retained and noted
as a "-1" in the database.

Setting Logger for Delayed Start

If pre-calibration for the logger is within acceptable tolerance of the logger (Figure 3),
launch the logger for field deployment. It is a good practice to set the delayed start date
and time with enough buffer to ensure that the first reading is a stable water temperature
measurement.

4.0 FIELD METHODS

4.1 Equipment

A complete field equipment checklist is found in Appendix 1.

4.2 Selecting the location for deployment

4.3

The data logger should be deployed near the area of interest in a part of the stream that is
most likely to stay inundated throughout the sampling period. In general, select a site for
the temperature logger that is in an away from the influence of tributaries and any human
generated thermal influences. Vandalism can be a problem in popular areas particularly
fishing access points and near swimming areas, so avoid these locations. It is best to
choose a site such as area behind a large boulder or in front of a large boulder if there is
potential impact from moving debris during high flow events.

Securing the data logger

Data loggers should be deployed out of direct sunlight in a protective PVC pipe housing.
Several methods that have been used to successfully secure data loggers once housed in
PVC weighted including window weights, angle iron, and tethering to a secure structure
(Figure 4).
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Figure 4. (A) TidbiT® tethered to PVC housing with tie wraps and fastened to window weights
with parachute cord. (B) and (C) HOBO® attached to PVC housing with tie wraps and angle iron
weight.

4.4 Record the location of data logger

Completely fill out a data sheet (Appendix 2) for each deployed temperature logger. Use
a GPS unit and record the latitude and longitude on first time deployments. Provide a
sketch of the location of the logger in the stream and mark each bank with surveyor’s
tape to provide the location of the deployed logger (Figure 5). Note any other information
that will be helpful to facilitate retrieval of the logger on the data sheet. Take a digital
photo with one person standing at the location of deployed logger (Figure 6) and save in
the trip digital picture electronic folder. Record the number of images and file location on
field sheet.

10
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Figure 5. Pink surveyor’s flagging on bank marking location of deployed water temperature data
loggers under the rock pile in the stream.

11
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Figure 6. Typical digital photos showing location of deployed data logger to facilitate retrieval.

12
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4.5 Retrieving the data logger

The data sheet (Appendix 2), digital photo (Figure 6), and surveyor’s flagging will aid in
the location of deployed data loggers. In general, the ideal length of time that temperature
data loggers remain deployed is 4-6 months, but ultimately depends on the logging
interval and goal of the study. Once the data logger is retrieved, use a 4 3/4" x 2 3/8"
manila shipping tag to identify the retrieved data loggers while transporting from the field
to the lab. Record the station identification number (SID), logger serial number, stream
name, date and time of deployment, and date and time of retrieval (Figure 7).

Figure

4.6

7. Manila shipping label affixed to PVC housing containing TidbiT ® data logger.

Post-Calibration

When retuming from the field, temperature data loggers should be placed in the
temperature certified walk-in cooler in Laboratory Room 217 at 10 Clinton Street,
Hartford CT for post-calibration. Allow loggers to record at a minimum overnight.

Remove logger(s) from walk-in cooler and connect to HOBOware® software using the
appropriate base station coupler. Select readout and stop logger from logging. Check the
recorded temperature of the logger from the time it was placed in the walk-in cooler to

13
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the stop time against the National Institute of Standards and Technology (NIST) certified
thermometer located in the walk-in cooler. The post-field calibration is considered
acceptable if temperature range is within acceptable tolerance of the NIST certified
thermometer. If post calibration is within the acceptable range, proceed to download the
data file from the logger deployment using HOBOware® software. If post calibration
data is outside the acceptable range, the data logger should be returned to the
manufacturer for proper calibration, repaired, or replaced. If a correction is not available
from the manufacturer, the data should be not be entered into the database. All post
calibration data should be retained and noted as a "-1" in the database.

5.0 DATA MANAGEMENT

Create a file to store pictures, data etc. Save to the trip picture folder a bitmap image of a
hydrograph from a nearby USGS stream flow gage to note flow conditions at time of
deployment (Figure 8).

Make sure the logger’s communications window is clean and dry. Export the data from
HOBOware® software and plot the data using Excel or statistical software. Evaluate the
data for any periods out of water, tampering etc. Delete any false values such as values
recording air temperature while in transport from the field to the laboratory. Copy data to
Excel® template and provide the following fields to the data manager for uploading to the
Water database: date, time, water temperature (C), serial number, station ID, deploy
sample by site, quality assurance temperature (-1 is "yes"). Water temperature data
should be entered to the nearest 0.1 °C.

14
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Figure 8. Bitmap image of a hydrograph from a nearby USGS stream flow gage to note flow
conditions at time of logger deployment.

6.0 CARE AND MAINTENANCE

To clean the logger, rinse it in warm water and use a mild dishwashing detergent if
necessary. Do not use harsh chemicals, solvents, or abrasives, especially on the
communications window. Store in a dry location until the next deployment.

7.0 REFERENCES

HOBO® Water Temp Pro User’s Manual, Onset® Computer Corporation, Bourne, MA
http ://www.onsetcomp.com/
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Appendix 1. Equipment check list for field deployment of water temperature data loggers.

Equipment Check
off

Pre-calibrated data loggers
PVC tubes
Calibrated thermometer
Tie wraps
Weights/Angle Iron
Parachute Cord
Wire
Pliers
ID Cards
Surveyor’s flagging
Data sheets
Waders
Shoulder length gloves
Camera
GPS
Measuring tape

16
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Appendix 2. Data sheet for recording deployment location of water temperature data logger.

Site Information
Stream Name:

Location:

Logger Information
Logger Type: Hobo/Tidbit/other Serial #:

Launch Info: Date/Time:

Site Number:

Crew Members:

Sampling Interval Info:

Launch By

Dam&Time:

Deployed Date:

Pre-cal temp ck:
Download file location

Sampling Frequency: secs/rn inslhrslday

Deployment Type: Staked Tethered Free WT/Rock Pile: Angle Iron/Railroad Plate/Window Wt

DESCRIPTION REGARDING PLACEMENT OF PROBE TO AID IN RETREiVAL

GPS/Other De~ice Lat: Long

PLEASE SKETCH A MAP OF THE DEPLOYMENT AREA AS AN OVERHEAD VIEW
NOTE OBJECT ON EACH BANK TO FORM TRANSECT

CENTER CHANNEL UPSTREAM

CENTER CHANNEL DOWNSTREAM

Recovery of Logger Information
RETREVIAL DATE: REMOVED FROM WATER TIME:

Pictures Taken: Yes/No # of :

Crew:

NOTE CONDITION OF PROBE:
other comments:

File Information
Data download date:

Post Calibration Ck:

Signs of Logger Drying out : Yes/No Sign of Tampering: Yes/No

By: File name/Ioc:

By: File name/Ioc:
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Ammonia EPA 350.1 
 
Scope and Application 
 
• EPA Method 350.1 is the reference method for measuring ammonia in 

seawater by automated colorimetric determination with phenate.  This section 
provides a stepwise procedure for bench use by laboratory personnel. 

 
• This method (Bran and Luebbe ammonia method number G-171-96 Rev.2) 

was developed for the quantitative analysis of ammonia in water and 
seawater.  The applicable range is 0 to 0.5mg/L of ammonia as nitrogen (NH3-
N) for the Sample A lines, or the low concentration. Seawater samples higher 
in range may be diluted and re-run or analyzed using the same method, but 
changing the sample lines to the “Sample B” lines.  These have a range of 0 to 
2.5 mg/L. 

 
• The method detection limit (MDL) is 0.002mg/L for the low range analysis and 

the practical quantitation limit (PQL) is 0.010mg/L, which is the lowest 
concentration of standard. 

 
• Contamination of samples with ammonia is a problem of great concern.  

Ammonia is ubiquitous in the environment. Ammoniated floor strippers and 
waxes are strictly prohibited in the laboratory. 

 
• This method is based on automated colorimetric determinations and is 

restricted to the use by, or under the supervision of, analysts experienced in 
the use of auto analyzer equipment. 

 
 
Summary of Method
 
• The whole water sample may be filtered though a 47mm GF/F glass-fiber filter 

in the field. The filtrate is then frozen at or below –20°C until analysis can be 
completed. Analysis is completed within 28 days from arrival date at the 
laboratory. Samples for ammonia are analyzed by an automated procedure, 
on a Bran and Luebbe AA3 Auto Analyzer, utilizing the Berthelot reaction.  

 
• Ammonia in the sample reacts with alkaline sodium phenolate and then 

sodium hypochlorite to form indophenol blue. A solution of EDTA is added to 
the sample stream to eliminate the precipitation of the hydroxides of calcium 
and magnesium. Sodium nitroprusside is added to intensify the blue color. 

 
• The Bran and Luebbe Auto Analyzer is calibrated with a minimum of a six-

point curve (including the blank) at the time of analysis. The calibration curve 
is then verified by an external quality control sample from Fisher, an 
independent supplier).  Fisher supply guidelines are used for making up the 
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quality control solutions, as well as for information on the true value and 
acceptable value range for the analytes being measured in each quality 
control sample.  

 
• An initial calibration check along with an initial calibration blank, demonstrate 

that the instrument is capable of acceptable performance at the beginning of 
the sample analysis. In order to ensure continuing acceptable performance a 
continuing calibration check and continuing calibration blank are run every 
tenth sample. For every 10 samples, a laboratory spike analysis and a 
laboratory duplicate analysis are performed. 

 
 
Interferences 
 
• Calcium and magnesium ions could precipitate if present in sufficient 

concentration. EDTA is added to the sample stream to rectify this problem. 
 
• Color (as well as certain organic species) can cause interference. Sample 

color can be corrected for by running the sample through the manifold with all 
reagents pumping except the hypochlorite (which is replaced by DI water). The 
absorbance values obtained are then subtracted from the answer found when 
the sample is run normally. 

 
• Method interferences may be caused by contaminants in the reagent water, 

reagents, glassware and other sample processing apparatus that may bias 
Analyte response. 

 
 
References 
 
G-171-96 Rev. 2, May 2000.  Ammonia in Water and Seawater.  Bran and 
Luebbe AutoAnalyzer Applications, Norderstedt, Germany. 
 
EPA Method 350.1.  Determination of Ammonia Nitrogen by Semi-Automated 
Colorimetry.  Revision 2.0, August 1993.  Environmental Monitoring Systems 
Laboratory, Office of Research and Development, U.S. Environmental Protection 
Agency, Cincinnati, Ohio. 
 
Standard Method 4500-NH3 G  Ammonia by Automated Phenate.  Page 4-103—
4-112, 20th Edition, 1998, Standard Methods for the Examination of Water and 
Wastewater. 
 
Associated SOP’s 
 
Refer to SOP# 09-018-06, titled “Running the Bran and Luebbe”. 
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Refer to SOP# 09-007-06, titled “Hazardous Waste SOP” for proper waste 
disposal. 
 
Refer to the notebook titled “SOP’s” located in the nutrients laboratory. 
 
 
Safety 
 
Reagents are hazardous and are made in the hood.  Protective gear is worn 
when making reagents.  
 
Phenol is a known carcinogen and is hazardous.  Read MSDS before using 
phenol.  Use caution when making this reagent.  There are special gloves in the 
Phenol cabinet.  Be sure to wear them when using this reagent. 
 
Ensure that waste lines from the Bran and Luebbe are going to the proper 
hazardous waste jug located under the instrument. 
 
Refer to the University of Connecticut’s Environmental Health and Safety 
Chemical Health and Safety web page at: 
 

http://www.ehs.uconn.edu/update_chem.htm
 
A hard copy of the Chemical Hygiene Plan can be found on the wall in the 
laboratory and in the laboratory notebook titled “SOP’s”.  Also refer to the 
Hazardous Waste Disposal section. 
 
 
Materials 
 
Bran and Luebbe AA3 Auto Analyzer 
 
Procedure 
 
Reagent Preparation
 
• Unless otherwise specified, all chemicals should be ACS grade or equivalent. 

DI water refers to high quality reagent water, TYPE I or TYPE II as defined in 
ASTM Standards, Part 31, D1193-74.  When making reagents, date the 
container in which the reagent is stored, initial it, and write out the entire name 
of the reagent.  Many of the following solutions are stable indefinitely. 
Otherwise, shelf life is noted. 
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• Sodium Phenolate 
 
We are currently using Fisher Scientific Phenol crystals (catalog no. A92-100) 
and Fisher Sodium Hydroxide (catalog no. S318-3). 
 
CAUTION: Phenol is very poisonous, causes severe burn, and is rapidly 
absorbed into the skin. Wear gloves and safety glasses. 
 
  Phenol, crystals     50 g 
  Sodium hydroxide                             36 g 
  DI water, q.s.                                  1000mL final vol. 
 
In a volumetric flask, fill ¾ with deionized water and dissolve 36 g of sodium 
hydroxide in approximately 600mL of water, dissolve and cool under cold tap 
water, being sure not to introduce tap water into the volumetric flask. Add 50g of 
phenol crystals and dilute to one liter with DI water and mix thoroughly. Store the 
reagent in an amber poly bottle. This material is corrosive, and is stable for about 
2 weeks or until brown.  
 
• Sodium Hypochlorite Solution 
 
We are currently using Clorox bleach that contains 5.25% NaOCl and no 
additives. 
 
  Sodium hypochlorite solution, 5.25%(Clorox)   100mL  
  DI water, q.s.                       900mL  
 
Dilute 100mL of commercially available bleach (Clorox) to 900mL with DI water 
and mix thoroughly. Prepare fresh daily. 
 
• Complexing Reagent: 
 
We are currently using Fisher Sodium Nitroferricyanide Dehydrates, 99% 
(sodium nitroprusside, catalog no. S350-100), Fisher EDTA (catalog no.  S311-
500), Fisher Tri-sodium citrate dihydrate (catalog no. S279-500), and Pierce Brij-
35 (catalog no. 9002-92-0). 
 
  EDTA       30g 
  Tri-sodium citrate dihydrate   120g 
  Sodium nitroprusside                           0.5g 
  Brij 35       3 mL 
  DI water, q.s.      1000mL final vol. 
 
Fill a volumetric flask ¾ with deionized water and add 30g of EDTA, 120g of tri-
sodium citrate dihydrate, and 0.5g of sodium Nitroprusside in 1000mL of water 
and mix thoroughly.  Add 3mL of Brij-35 and stir with magnetic stir bar.  The 
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solution may need to be heated or stirred overnight until completely dissolved.  
Store the solution in an amber poly bottle.   
 
• Special Wash Solution 
 
We are currently using Fisher Hydrochloric Acid (catalog no. A1446S-212).   
 
  Hydrochloric acid                      83mL 
  DI Water, q.s.                  1000mL final vol. 
 
In a 1L volumetric flask, fill ¾ with DI water, and add 83 mL of Hydrochloric acid.  
Dilute to one liter and mix well.  Store the solution in an amber poly bottle. 
 
• System Wash 
 
  Brij-35       2mL 
  DI water      1000mL 
 
Fill clear poly bottle with 1000mL DI water and add 2 mL of Brij 35.  Invert 3 times 
to mix. 
 
 
Standard Preparation
  
• Working standards can be made by weight or volume.  Standards are made 

using a 1000µg/mL stock certified from Acculon or another source different 
from the QC. 

 
 
• Stock Standard, 10.0mg/L N 
 
  Acculon Stock (Ammonia)     1mL 
  DI water, q.s.                                   100mL final vol. 
 
In a 100mL volumetric flask containing about 80mL of DI add 1mL of Stock 
Acculon Ammonia Standard.  Dilute to 100mL with DI and mix thoroughly.  
Record the standard information in the stock standard logbook.  Standard must 
be made fresh daily. 
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• Working Standard Solutions for Low Range Analysis 
 
  mL(g) 10mg/L Stock                                 mg/L N
  
  5.0      0.500 
  3.0      0.300 
  1.0      0.100 
  0.5      0.050 
  0.25      0.025 
  0.1      0.010 
 
 
• Preparation of working standards: 
 
Transfer aliquots of Stock 10mg/L stock as noted above to individual 100mL 
volumetric flasks.  Dilute to volume with DI water and mix thoroughly. Record the 
information in working standard logbook.  Prepare fresh daily.   
 
 
Sample Preparation
 
• Sample turbidity may be removed by filtration though a 47mm GF/F filter prior 

to analysis.  Turbidity absorbance in the range of 660 nanometers (nm) will 
present a positive bias.  

 
• The filtrate is then preserved in the field by adding H2SO4 to a pH of <2 at the 

time of collection and freezing at or below -20°C until analysis is performed.  
The client may decide to solely freeze samples without preservation to 
eliminate variability, and to minimize potential safety issues associated with 
field acidification.  The client will notify/discuss these procedures with CESE 
staff prior to sample acceptance.   

 
• Sample containers are to be rinsed with 1:1 Hydrochloric Acid, followed by DI 

water and finally by an aliquot of the sample itself. Disposable plastic sample 
tubes are used during analysis to avoid contamination from improper washing 
of glass tubes. 

 
• Generally, spiked samples are spiked with 100µL of the 10ppm stock standard, 

yielding a spike concentration of 0.196ppm. 
 
• The Quality Control Sample (QC) is made up in 100mL volumes per every 60 or 

so samples.  Larger quantities are necessary if running large batches of 
samples.  Generally, the concentration of the QC is 0.3ppm and is made fresh 
daily. 
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Instrumental Analysis 
 
• It is assumed that the user is basically familiar with the appearance and location 

of the various parts of the Bran and Luebbe AA3 AutoAnalyzer. It is also 
assumed that a method for running ammonia analyses has already been 
created, and that the user is familiar with basic system operations. For a 
physical description of the instrument and any related software information, see 
the “Running the Bran and Luebbe” SOP.   

 
• If not running 2 chemistries at the same time, hook up the “T” fitting on the 

sample probe to the white/white sample waste line. 
 
• Ensure that whichever orange sample line (high/low range) is not in use is in the 

carrier DI water bottle. 
 
• The pH of the final reaction solution must lie within certain limits.  Collect the 

solution from the flowcell waste line to verify the pH is between 11.5 and 11.9.   
 
• It is very important to introduce the phenol reagent into the chemistry 

module first and remove it last when starting up or shutting down the 
system to prevent calcium precipitate from forming on the inside of the 
coils. 

 
• When NH3-N is run on the Bran and Luebbe after NOx has been run, it is 

necessary to thoroughly rinse the manifold with 1N HCl for a minimum of 1 hour 
to cleanse the system of the ammonium chloride buffer that is used in the NOx 
chemistry. 

 
 
Calculations 
 
• Percent recovery for the spike is determined using the following formula: 
   
   %R = (A-B)/C*100 
 Where: 
   A = measured value in mg/L for the sample + spike 
   B = measured value in mg/L for the original sample 
   C = concentration of the spike in mg/L 
 
 
• Relative percent difference for the duplicate is calculated by the following 

formula: 
 
     RPD = (A-B)/((A+B)/2)*100 
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 Where:  A = The value in mg/L for the first run of the sample 
               B = The value in mg/L for the second run of the sample 
 
 
Quality Control 
 
• A certified second source quality control sample (purchased from Fisher) is 

analyzed for every delivery group (or every 10 samples) and the value must be 
within 90-110% recovery to be considered acceptable. 

 
• A spike is analyzed for every delivery group (or every 10 samples).  The 

percent recovery must fall within the 85-115% recovery to be considered 
acceptable. 

 
• A duplicate is analyzed for every delivery group (or every 10 samples).  The 

duplicate relative percent difference (RPD) must be below 25%. 
 
• A blank is analyzed every delivery group or every 10 samples and the value 

must fall below the PQL to be considered acceptable. 
 
• A second quality control concentration is analyzed at the end of the run and is 

the PQL, or the practical quantitation limit.  Acceptable ranges for the PQL are 
50-150 % recovery. 

 
 
Other System Notes 
 
• Chemistry Module 2-1 
• Sample Lines:  A or B  
• Light interference filter: 660 nm 
• Special instructions: The reaction module for ammonia determinations comes 

equipped with a heating coil that heats the sample stream (after the addition of 
the reagents) to 37°C, which promotes better color development. This coil 
should be given 15 minutes to warm up before any samples are run. 
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Ortho-phosphate – Dissolved Inorganic Phosphorus EPA 365.1 
 
Scope and Application 
 
• EPA Method 365.1 is the reference method for measuring orthophosphate or 

dissolved inorganic phosphorus in water and seawater by automated 
colorimetric determination.  This section provides a stepwise procedure for 
bench use by laboratory personnel. 

 
• This method (Bran and Luebbe orthophosphate method number G-175-96 

Rev. 1) was developed for the quantitative analysis of orthophosphate in water 
and seawater. The applicable range is 0.010 to 0.500mg/L of orthophosphate 
as phosphorus for the low range using the sample A lines. Samples higher in 
range may be diluted and re-run or analyzed by recalibrating with higher 
concentration standards using the sample “B” lines.  The ranges for this are 0 
to 2.5mg/L of orthophosphate as P. 

 
• This method is based on automated colorimetric determination and is 

restricted to the use by or under the supervision of analysts experienced in the 
use of auto analyzers. 

 
 
Summary of Method
 
• For dissolved inorganic phosphorus, the whole water sample is filtered though 

a 47mm GF/F filter in the field. The filtrate is then preserved in the field by 
adding H2SO4 to a pH of <2 at the time of collection and freezing at or below -
20°C until analysis is performed.  The client may decide to solely freeze 
samples without preservation to eliminate variability, and do minimize potential 
safety issues associated with field acidification.  The client will notify/discuss 
these procedures with CESE staff prior to sample acceptance.   

 
• Samples for orthophosphate are analyzed by an automated procedure on the 

Bran and Luebbe AA3 segmented flow analyzer. The analysis depends on the 
formation of a phosphomolybdenum blue complex, which is read 
colorimetrically at 880 nm. 

 
• The method detection limit (MDL) is 0.001mg/L for the low range analysis and 

the practical quantitation limit (PQL) is 0.010mg/L.   
 
• This method is based on automated colorimetric determinations and is 

restricted to the use by, or under the supervision of, analysts experienced in 
the use of auto analyzer equipment. 

 
• The Bran and Luebbe Auto Analyzer is calibrated with a minimum of a six 

point curve (including the blank) at the time of analysis. The calibration curve 
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is then verified by an external quality control sample from Fisher, an 
independent supplier.  Fisher supply guidelines are used for making up the 
quality control solutions, as well as for information on the true value and 
acceptable value range for the analytes being measured in each quality 
control sample.  

 
• An initial calibration check along with an initial calibration blank, demonstrate 

that the instrument is capable of acceptable performance at the beginning of 
the sample analysis. In order to ensure continuing acceptable performance a 
continuing calibration check and continuing calibration blank are run every 
tenth sample. For every 10 samples, a laboratory spike analysis and a 
laboratory duplicate analysis are performed.  At the end of the run a PQL 
(Practical Quantitation Limit) is run for further quality control verification. 

 
 
Interferences 
 
• Silica forms a pale blue complex that also absorbs at 880nm and is generally 

insignificant because a silica concentration of approximately 30mg/L would be 
required to produce a 0.005 P/L positive error in orthophosphate. 

 
• Concentrations of ferric iron greater than 50mg/L cause a negative error due 

to competition with the complex for the reducing agent ascorbic acid.  Samples 
may be treated with sodium bi-sulfite to eliminate this interference, as well as 
interferences due to arsenates. 

 
• Acidity among samples, standards and blanks should be carefully controlled. 

Large variations in acidity will affect sample and/or standard peaks. 
 
• Good glassware cleaning procedures should always be used. Phosphorus 

contamination is a constant problem.  Proper glassware washing protocol 
should elevate this problem.  

 
 
References 
 
G-175-96 Rev. 1, May 2000.  Phosphate in Water and Seawater.  Bran and 
Luebbe AutoAnalyzer Applications, Norderstedt, Germany. 
 
EPA Method 365.1.  Determination of Phosphorus by Semi-Automated 
Colorimetry.  Revision 2.0, August 1993.  Environmental Monitoring Systems 
Laboratory, Office of Research and Development, U.S. Environmental Protection 
Agency, Cincinnati, Ohio. 
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Standard Method 4500-P A, B, G and H  Phosphorous:  Flow Injection Method.  
Page 4-139 – 4-153, 20th Edition, 1998, Standard Methods for the Examination of 
Water and Wastewater. 
 
 
Associated SOP’s 
 
Refer to SOP# 09-018-06, titled “Running the Bran and Luebbe”. 
 
Refer to SOP# 09-007-06, titled “Hazardous Waste SOP” for proper waste 
disposal. 
 
Refer to the notebook titled “SOP’s” located in the nutrients laboratory. 
 
 
Safety 
 
Reagents are hazardous and are made in the hood.  Protective gear is worn 
when making reagents.  
 
Ensure that waste lines from the Bran and Luebbe are going to the proper 
hazardous waste jug located under the instrument. 
 
Refer to the University of Connecticut’s Environmental Health and Safety 
Chemical Health and Safety web page at: 
 

http://www.ehs.uconn.edu/update_chem.htm
 
A hard copy of the Chemical Hygiene Plan can be found on the wall in the 
laboratory and in the laboratory notebook titled “SOP’s”.  Also refer to the 
Hazardous Waste Disposal section. 
 
 
Materials 
 
Bran and Luebbe AA3 Auto Analyzer 
 
Procedure 
 
Reagent Preparation
 
• Unless otherwise specified, all chemicals should be ACS grade or equivalent. 

DI water refers to high quality reagent water, TYPE I or TYPE II as defined in 
ASTM Standards, Part 31, D1193-74.  When making reagents, date the 
container in which the reagent is stored, initial it, and write out the entire name 
of the reagent.  Many of the following solutions are stable indefinitely. 
Otherwise, shelf life is noted. 
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• Stock Antimony Potassium Tartrate 
 
We are currently using Fisher Antimony Potassium Tartrate (catalog no. 
A867-250). 
  Antimony Potassium Tartrate   2.3g 
  DI water, q.s.      100mL final vol. 
   
Dissolve 2.3 g of Antimony Potassium Tartrate in about 80mL of DI water in 
100mL volumetric flask. Dilute to 100mL with DI water and mix thoroughly. Store 
the solution in a dark plastic container. 
  
 
• 1N Sulfuric Acid 
 
We are currently using Fisher Sulfuric acid (catalog no. SA176-4). 
 
 Sulfuric acid       28mL 
 DI water, q.s.                   1000mL final vol. 
   
Fill amber poly bottle ¾ with DI water and add 28mL of sulfuric acid.  Dilute to 
1000mL with DI water and mix thoroughly.  
  
 
• Molybdate Color Reagent 
 
We are currently using Fisher Sulfuric Acid (catalog no. SA176-4). 
 
  Stock antimony potassium tartrate solution     22mL 
  Ammonium molybdate     6g 
  Sulfuric acid                                   64mL 
  DI water, q.s.                                  1000mL final vol. 
 
To a 1 liter amber poly bottle add about 500mL of DI water, then 64mL of 
concentrated sulfuric acid. Swirl to mix and cool under tap water being sure no 
tap water enters the flask. After the solution cools add 22mL of stock antimony 
potassium tartrate solution and 6g of stock ammonium molybdate.  Dilute to 
1000mL with DI water and mix thoroughly.   This solution is stable for one month. 
  
Alternate Recipe from Lachat (to minimize silica interference): 
 
To a 1L volumetric flask add about 500mL water, then add 70mL concentrated 
sulfuric acid (caution: the solution will get hot!). Swirl to mix. After the solution 
cools add 72mL of stock antimony potassium tartrate solution and 213mL of 
stock ammonium molybdate solution. Dilute to 1000mL with water and mix 
thoroughly. Store the solution in a dark plastic container. This solution is stable 
for one month. 
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• Ascorbic Acid 
 
We are currently using Fisher, L-ascorbic acid (catalog no. BP351-500) and BDH 
Laboratory Supplies SDS (Fisher catalog no. NC9715561). 
 
 
  Ascorbic Acid     8g 
  Acetone      45mL 
  SDS       8g 
  DI Water, q.s.     1000mL final vol. 
 
 
In a 1L amber poly bottle, dissolve 8g of Ascorbic Acid in 800mL DI water and 
45mL of Acetone. Dilute to 1000 mL with DI water and mix thoroughly.   Add 8g 
of SDS and swirl gently.  This solution is stable for 5 days. 
 
 
• Special Wash 
 
We are currently using Clorox bleach. 
 
  Clorox       100mL 
  DI water      900mL 
 
Add 1:10 Bleach to DI water.  Solution is stable for one day.  Store the solution in 
a clear poly container. 
 
 
• System Wash Solution 
 
We are currently using SDS (Fisher catalog no. NC9715561). 
 SDS        8g 
 DI water       1000mL final vol. 
 
Fill 1000mL of DI water into a clear poly bottle and add 8g of SDS.  Mix by 
swirling. 
 
 
Standard Preparation
  
Working standards can be made by weight or volume.  Standards are made 
using a 1000ug/mL stock certified from Acculon or another source different from 
the QC. 
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• Stock Standard, 10.0mg/L N 
 
  Acculon Stock (Phosphorus)    1mL 
  DI water, q.s.                                   100mL 
 
In a 100mL volumetric flask containing about 80mL of DI add 1mL of Stock 
Acculon Phosphorus Standard.  Dilute to 100mL with DI and mix thoroughly.  
Record the information in the stock standard logbook. 
 
 
• Working Standard Solutions for Low Range Analysis 
 
 mL(g) 10mg/L Stock                                mg/L P
  
  5.0      0.500 
  3.0      0.300 
  1.0      0.100 
  0.5      0.050 
  0.25      0.025 
  0.1      0.010 
 
 
• Preparation of working standards: 
 
Transfer aliquots of Stock 10mg/L stock as noted above to individual 100mL 
volumetric flasks.  Dilute to volume with DI water and mix thoroughly. Record the 
information in working standard logbook.  Prepare fresh weekly.    
 
 
Sample Preparation
 
• Turbidity absorbing in the range of 880 nanometers (nm) will present a positive 

bias.  
 
• For dissolved inorganic phosphorus, the whole water sample is filtered though 

a 47mm GF/F filter in the field. The filtrate is then preserved in the field by 
adding H2SO4 to a pH of <2 at the time of collection and freezing at or below -
20°C until analysis is performed.  The client may decide to solely freeze 
samples without preservation to eliminate variability, and do minimize potential 
safety issues associated with field acidification.  The client will notify/discuss 
these procedures with CESE staff prior to sample acceptance.  Disposable 
plastic sample tubes are used during analysis to avoid contamination from 
improper washing of glass tubes. 

 
• Generally, spiked samples are spiked with 100µL of the 10ppm stock standard, 

yielding a spike concentration of 0.196ppm. 
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• The quality control sample (QC) is made up in 100mL volumes per every 60 or 
so samples.  Larger quantities are necessary if running large batches of 
samples.  Generally, the QC concentration is 0.3ppm.  QC is made up daily. 

 
 
Instrumental Analysis 
 
• It is assumed that the user is basically familiar with the appearance and location 

of the various parts of the Bran and Luebbe AA3 AutoAnalyzer. It is also 
assumed that a method for running Ortho-Phosphate analyses has already 
been created, and that the user is familiar with basic system operations. For a 
physical description of the instrument and any related software information, see 
SOP # 09-018-06 entitled “Running the Bran and Luebbe”.   

 
• If not running 2 chemistries at the same time, hook up the “T” fitting on the 

sample probe to the white/white sample waste line. 
 
• Ensure that whichever orange sample line (high/low range) is not in use is in the 

carrier DI water bottle. 
 
• The tubing leading to the colorimeter is always glass for this analysis, and the 

manifold is set up this way permanently. 
 
• If the phosphorus chemistry is to be used following a chemistry that uses Brij-35 

(i.e. nitrite), wash they system thoroughly with 1N H2SO4.  Brij-35 will interfere 
with the phosphorous chemistry. 

 
 
Calculations 
 
• Percent recovery for the spike is determined using the following formula: 
   
   %R = (A-B)/C*100 
 Where: 
   A = measured value in mg/L for the sample + spike 
   B = measured value in mg/L for the original sample 
   C = concentration of the spike in mg/L 
 
• Relative percent difference for the duplicate is calculated by the following 

formula: 
 
     RPD = (A-B)/((A+B)/2)*100 
 
 Where:  A = The value in mg/L for the first run of the sample 
              B = The value in mg/L for the second run of the sample 
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Quality Control 
 
• A certified second source quality control sample (purchased from Fisher) is 

analyzed for every delivery group (or every 10 samples) and the value must be 
within 90-110% recovery, or as per client request, to be considered 
acceptable. 

 
• A spike is analyzed for every delivery group (or every 10 samples).  The 

percent recovery must fall within the 85-115% recovery to be considered 
acceptable. 

 
• A duplicate is analyzed every delivery group (or every 10 samples) and the 

relative percent difference must fall below 25%. 
 
• A blank is analyzed every delivery group or every 10 samples and the value 

must fall below the PQL to be considered acceptable. 
 
• A second quality control sample is analyzed at the end of the run and is the 

concentration of the PQL, or the lowest standard.  Acceptable ranges for the 
PQL are 50-150% recovery. 

 
 
Other System Notes 
 
• Chemistry Module 1-1 
• Light interference filter: 880 nm 
• Sample Lines: A or B 
• Special instructions: The reaction module for phosphorus determinations comes 

equipped with a heating coil that heats the sample stream (after the addition of 
the reagents) to 37°C, which promotes better color development. This coil 
should be given 15 minutes to warm up before any samples are run. 
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Standard Operating Procedure 
Nitrate, Nitrite, and Organic Nitrogen  

EPA 353.2 
SM 4500 NO2

-, NO3
-, and Norg 

Nutrients Laboratory 
 
 
 

Prepared by:      
Name:  Steph Kexel Signature: ______________________________Title:__________________________Date:________________ 
 

 
 

 
Reviewed by:      
Name:  Joy Jiang Signature: ______________________________Title:__________________________Date:________________ 
 
 
 

 
 

 
 
Approved by:      
Name:  Chris Perkins Signature: ______________________________Title:__________________________Date:________________ 
 
 
 

 
 

CESE 
Center for Environmental Sciences and Engineering 

3107 Horse Barn Hill Rd.  U-4210 
University of Connecticut 
Storrs, CT  06269-4210 

 
State of CT:  PH-0778 – EPA:  CT01022 
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Nitrate and Nitrite EPA 353.2 
SM 4500 NO2

-, NO3
-, and Norg 

 
Scope and Application 
 
• EPA Method 353.2 is the reference method for measuring nitrate + nitrite in 

water and seawater by automated colorimetric determination.  This section 
provides a stepwise procedure for bench use by laboratory personnel. 

. 
• This method (Bran and Luebbe method number G-172-96 Rev. 1 and Lachat 

method number 31-107-04-1-A) was developed for the quantitative analysis of 
nitrates in water and seawater.  The applicable range is 0 to 0.5mg/L as 
nitrogen.  Samples higher in range may be diluted and re-run.   

 
• In the nutrients laboratory, we use the Lachat to analyze for this nitrogen 

series.  The Bran and Luebbe may be used; however MDL and precision and 
accuracy studies must first be performed prior to analysis. 

 
•  Samples may also be re-analyzed using sample “B” lines for decreased 

volume of sample delivered to the manifold on the Bran and Luebbe.  The 
applicable range is 0 to 2.5mg/L as nitrogen. 

 
• This method is based on automated colorimetric determination and is 

restricted to the use by or under the supervision of analysts experienced in the 
use of auto analyzers. 

 
• This method may be used for analysis of NOX (nitrate + nitrite) or nitrite alone.  

NOX-N values are obtained by activating the cadmium column and calibrating 
with NO3

--N standards.  Nitrite (NO2
--N) is calibrated with NO2

--N standards 
and the cadmium column is not activated.  Reagents remain the same.  The 
nitrate (NO3

--N) value is calculated by subtracting the nitrite (NO2
--N) value 

from the nitrate + nitrite (NOX-N) value. 
 
• Organic nitrogen may be calculated by subtracting the sum of the NOx-N and 

NH3-N from the TN value. 
 
 
Summary of Method
 
• The whole water sample may be filtered through a 47mm GF/F filter in the field. 

The filtrate is frozen at –10°C or below until analysis can be completed 
(samples must not be preserved with mercuric chloride or thiosulfate, as these 
degrade the copper-cadmium column used in this analysis). Analysis is 
completed within 28 days from arrival date at the laboratory. Samples for nitrate 
+ nitrite are analyzed using flow injection on the Lachat. Nitrate is reduced to 
nitrite at pH 7.5 in a copperized cadmium column. The nitrate reduced to nitrite, 
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plus any free nitrite present, reacts under acidic conditions with sulfanilamide to 
form a diazo compound that couples with N-1-Naphthylethylenediamine 
dihydrochloride to form a reddish-purple azo dye that is measured at 520nm. 
For nitrite analyses the cadmium column is not used. 

 
• On the Lachat, the method detection limit (MDL) is 0.002mg/L for NOx-N and 

0.003mg/L for NO2
--N.  The practical quantitation limit (PQL) for both analytes 

is 0.010mg/L. 
 
• This method is based on automated colorimetric determinations and is 

restricted to the use by, or under the supervision of, analysts experienced in 
the use of auto analyzer equipment. 

 
• The instruments are calibrated with a minimum of a six point curve (including 

the blank) at the time of analysis. The calibration curve is then verified by an 
external quality control sample from Fisher, an independent supplier.  Fisher 
supply guidelines are used for making up the quality control solutions, as well 
as for information on the true value and acceptable value range for the 
analytes being measured in each quality control sample.  

 
• An initial calibration check along with an initial calibration blank, demonstrate 

that the instrument is capable of acceptable performance at the beginning of 
the sample analysis. In order to ensure continuing acceptable performance 
continuing calibration verification and continuing calibration blank are run 
every tenth sample. For every 10 samples, a laboratory spike analysis and a 
laboratory duplicate analysis are performed.  At the end of the run a PQL 
(Practical Quantitation Limit) is run for further quality control verification. 

 
 
Interferences 
 
• Build up of suspended matter in the cadmium column will restrict flow. Look for 

a "jerking" action in one or several of the pump tube lines as evidence of such a 
blockage. Nitrate nitrogen is, however, found in a soluble state, so pre-filtering 
of samples should be sufficient to keep lines clear. 

 
• Low results are possible for samples high in metals concentrations such as iron 

or copper. (1.0g per liter) Na2EDTA.2H2O can be added to the buffer to reduce 
this interference. 

 
• Samples that contain large concentrations of oil and grease will coat the surface 

of the cadmium. Pre-extracting the sample with an organic solvent eliminates 
this interference. 
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Associated SOP’s 
 
Refer to SOP # 09-018-06, titled “Running the Bran and Luebbe”. 
 
Refer to SOP # 09-032-02, titled “Running the Lachat”. 
 
Refer to SOP # 09-007-06, titled “Hazardous Waste SOP” for proper waste 
disposal. 
 
Refer to the notebook titled “SOP’s” located in the nutrients laboratory. 
 
 
Safety 
 
Cadmium crystals are a known carcinogen; use caution when reactivating the 
cadmium for column repacking. 
 
Reagents are hazardous and are made in the hood.  Protective gear is worn 
when making reagents.  
 
Ensure that waste lines from the detector are going to the proper hazardous 
waste jug located under the instrument. 
 
Refer to the University of Connecticut’s Environmental Health and Safety 
Chemical Health and Safety web page at: 
 

http://www.ehs.uconn.edu/update_chem.htm
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A hard copy of the Chemical Hygiene Plan can be found on the wall in the 
laboratory and in the laboratory notebook titled “SOP’s”.  Also refer to the 
Hazardous Waste Disposal section. 
 
 
Materials 
 
Bran and Luebbe AA3 Auto Analyzer 
Lachat Auto Analyzer 
Cadmium column 
 
 
Procedure 
 
Reagent Preparation
 
• Unless otherwise specified, all chemicals should be ACS grade or equivalent. 

DI water refers to high quality reagent water, TYPE I or TYPE II as defined in 
ASTM Standards, Part 31, D1193-74.  When making reagents, date the 
container in which the reagent is stored, initial it, and write out the entire name 
of the reagent.  Many of the following solutions are stable indefinitely. 
Otherwise, shelf life is noted. 

 
• Ammonium Chloride Buffer – Lachat 
 
We are currently using Fisher Hydrochloric Acid (catalog no. S318-3) and Fisher 
Ammonium Hydroxide (catalog no.  A669S-212). 
 
  Hydrochloric Acid (concentrated)   105mL 
  Ammonium Hydroxide    95mL 
  Disodium EDTA     1.0g 
 
Be sure to make this reagent in the hood.  Wear all protective gear!  Add 
about 500mL DI water to a 1000mL amber poly bottle.  Carefully Pour in 105mL 
concentrated Hydrochloric acid and then, with a new graduated cylinder, pour in 
95mL Ammonium Hydroxide.    Add 1.0g disodium EDTA, dissolve and dilute to 
the mark.  Invert to mix and adjust the pH to 8.5 with 2N HCl solution.   
 
• Sulfanilimide Color Reagent – Lachat 
 
We are currently using Fisher Sulfanilamide (catalog no. O4525-100), Acros NED 
(catalog no. AC42399-0250), and Fisher Phosphoric acid (catalog no. A242SK-
2212). 
   
  Phosphoric acid (85% soln. by wt.)  100mL 
  Sulfanilamide      40.0g 
  NED (N-(1-napthyl)ethylenediamine  
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   dihydrochloride                       1.0g 
 
To a 1L volumetric flask, add about 600mL DI water then add 100mL 85% 
phosphoric acid, 40g sulfanilamide and 1.0g NED.  Shake to wet, and stir to 
dissolve for 30 minutes.  Dilute to the mark, invert to mix.  Store in a dark bottle 
and discard when the solution turns pink. 
 
• 2N Hydrochloric Acid 
 
We are currently using Fisher Hydrochloric Acid (catalog no. S318-3). 
 

 Hydrochloric acid (concentrated)   16.6mL 
 DI water, q.s.      100mL final vol. 
 

Add 50mL DI water to a graduated cylinder.  Pour in carefully 16.6mL hydrochloric 
acid and dilute to 100mL with DI water. 

 
• Sulfanilamide Color Reagent – Bran and Luebbe 
 
We are currently using Fisher Sulfanilamide (catalog no. O4525-100), Acros NED 
(catalog no. AC42399-0250), and Fisher Phosphoric acid (catalog no. A242SK-
2212). 
 
  Phosphoric acid (85% soln. by wt.)  100mL 
  Sulfanilamide      10.0g 
  NED (N-(1-napthyl)ethylene-                      
  diamine dihydrochloride)     0.5g 
  DI water, q.s.      1000mL final vol.  
 
To a 1L amber poly bottle, add about 600mL of water. Then add 100mL of 85% 
phosphoric acid, 10.0g sulfanilamide. Dissolve completely, heat if necessary.  Add 
0.5g NED.  Dilute to the final volume, and mix thoroughly. Store the solution in a 
dark bottle. This solution is stable for one month. 
 
• System Wash – Bran and Luebbe 
 
We are currently using Brij 35 (catalog no. 9002-92-0) as the system wash. 

 
 Brij 35       6mL 
 DI water      1000mL 

 
Fill clear plastic poly bottle with DI water, add 6mL of Brij 35.  Invert 3 times to mix. 
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• Cadmium-Copper Reduction Column 
 
Pre-packed cadmium columns for use with the Bran & Luebbe nitrate/nitrite 
manifold are available from Lachat/HACH (Lachat part/order no. 50237A). 
Instructions for repacking columns in the laboratory are at the end of this SOP. 
 
 
Standard Preparation
  
Working standards can be made by weight or volume.  Standards are made 
using a 1000µg/mL stock certified from Acculon or another source different from 
the QC. 
 
• Stock Standard, 10.0 mg/L N 
 
  Acculon Stock (NO3

- or NO2
-)    1mL 

  DI water, q.s.                                   100mL final vol. 
 
 
In a 100mL volumetric flask containing about 80mL of DI add 1mL of Stock 
Acculon NO3

--N or NO2
--N Standard.  Dilute to 100mL with DI and mix 

thoroughly.  Record the information in the stock standard logbook. 
 
• Working Standard Solutions for Low Range Analysis 
 
 mL(g) 10mg/L Stock                                mg/L N
  
  5.0      0.500 
  3.0      0.300 
  1.0      0.100 
  0.5      0.050 
  0.25      0.025 
  0.1      0.010 
 
• Preparation of working standards: 
 
• Transfer aliquots of Stock 10mg/L stock as noted above to individual 100mL 

volumetric flasks.  Dilute to volume with DI water and mix thoroughly. Record 
the information in working standard logbook.  Prepare fresh weekly.  

 
• A NO2

--N QC of the same concentration as the NO3
--N QC must also be made 

when running with the cadmium column to ensure that the cadmium column is 
working efficiently.  A recovery greater than 90% is considered acceptable by 
Lachat instruments.  Anything lower than this value indicates that the cadmium 
column must be replaced. 
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Sample Preparation
 
• Sample turbidity may be removed by filtration though a 47mm GF/F filter prior 

to analysis. Turbidity absorbing in the range of 550 nanometers (nm) will 
present a positive bias.  The filtrate is preserved in the field by adding H2SO4 
to a pH of <2 at the time of collection and freezing at or below -20°C until 
analysis is performed.  The client may decide to solely freeze samples without 
preservation to eliminate variability, and to minimize potential safety issues 
associated with field acidification.  The client will notify/discuss these 
procedures with CESE staff prior to sample acceptance. 

 
• Sample containers are to be rinsed with 1:1 Hydrochloric Acid, followed by DI 

water and finally by an aliquot of the sample itself. Disposable plastic sample 
tubes are used during analysis to avoid contamination from improper washing 
of glass tubes.  

 
• The sample is preserved in the field by adding H2SO4 to a pH of <2 at the time 

of collection and freezing at or below -20°C until analysis is performed.  The 
client may decide to solely freeze samples without preservation to eliminate 
variability, and do minimize potential safety issues associated with field 
acidification.  The client will notify/discuss these procedures with CESE staff 
prior to sample acceptance.   

 
• Generally, 5mL of sample is spiked with 100µL of the 10ppm stock standard, 

yielding a spike concentration of 0.196ppm. 
 
• The quality control sample (QC) is made up in 100mL volumes per every 60 or 

so samples.  Larger quantities are necessary if running large batches of 
samples.  Generally, a QC concentration of 0.3ppm is used and is made fresh 
daily. 

 
 
Instrumental Analysis 
 
• It is assumed that the user is basically familiar with the appearance and location 

of the various parts of the Bran and Luebbe AA3 or the Lachat. It is also 
assumed that a method for running NO3

--N or NO2
--N analyses has already 

been created, and that the user is familiar with basic system operations. For a 
physical description of the instrument and any related software information, see 
“Running the Bran and Luebbe” (SOP # 09-018-06) or “Running the Lachat” 
(SOP # 09-032-02). 
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Bran and Luebbe 
 
• If not running 2 chemistries at the same time, hook up the “T” fitting on the 

sample probe to the white/white sample waste line. 
 
• Ensure that whichever orange sample line (high/low range) is not in use is in the 

carrier DI water bottle. 
 
• Ensure that the 550 nm wavelength filter is in the detector. 
 
 
Lachat 
 
• Ensure that the correct size sample loop (150cm) is attached at the manifold 

valve between ports 1 and 4. 
 
• Ensure that the 520nm wavelength filter is in the detector. 
 
 
General Analyzer Information 
 
• The nitrite value can be determined by eliminating the cadmium reduction 

column and standardizing with a certified nitrite solution.   
 
• In order to determine the nitrate values, the nitrite alone must be subtracted 

from the NOX (nitrate + nitrite).  Run the instrument with cadmium column active 
and calibrate with NO3-N standards, then run with NO2

--N standards and 
subtract this value from the NOx-N value. 

 
• When using the cadmium column, check the efficiency of the column daily by 

analyzing equal concentrations of nitrate and nitrite standards.  The efficiency 
should be >90%. 

 
• Introduce the ammonium chloride reagent into the chemistry manifold first, allow 

the system to flow for about a minute, and then introduce the Sulfanilimide. 
 
• When using the cadmium column, ALWAYS ensure that the column is 

activated when ALL reagents are pumping through the system.  Likewise, 
make sure the column is in the “off” position at the end of the run before 
taking reagent lines out of solution for the wash step. 

 
• Cadmium columns are purchased from Lachat instruments (CAT # 50237A), 

however cadmium may be regenerated in the laboratory according to Lachat 
publication WI#J20008.  Publication included at the end of this SOP. 
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Calculations 
 
• Percent recovery for the spike is determined using the following formula: 
   
   %R = (A-B)/C*100 
 Where: 
   A = measured value in mg/L for the sample + spike 
   B = measured value in mg/L for the original sample 
   C = concentration of the spike in mg/L 
 
 
• Relative percent difference for the duplicate is calculated by the following 

formula: 
 
     RPD = (A-B)/((A+B)/2)*100 
 
 Where:  A = The value in mg/L for the first run of the sample 
               B = The value in mg/L for the second run of the sample 
 
 
• To determine the column efficiency use the following formula: 
 

E = [NO3
--N] X 100 

         [NO2
--N] 

 
 Where:  E  = column efficiency 
   NO3

--N = concentration of nitrate standard 
   NO2

--N = concentration of nitrite standard 
 
 
Quality Control 
 
• A certified second source quality control sample (purchased from Fisher) is 

analyzed for every delivery group (or every 10 samples) and the value must be 
within 90-110% recovery to be considered acceptable. 

 
• A spike is analyzed for every delivery group (or every 10 samples).  The 

percent recovery must fall within the 85-115% recovery to be considered 
acceptable. 

 
• A duplicate is analyzed for every delivery group (or every 10 samples) and the 

relative percent difference must be < 25%. 
 
• A blank is analyzed every delivery group or every 10 samples and the value 

must fall below the PQL to be considered acceptable. 
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• A second quality control sample is analyzed at the end of the run and is the 
concentration of the PQL, or the lowest standard.  Acceptable ranges for the 
PQL are 50-150% recovery. 

 
• Cadmium column efficiency is analyzed with every calibration. 
 
 
Other System Notes 
 
Bran and Luebbbe 
 
• Chemistry Module 2-1 
• Light interference filter: 550nm 
• Sample Lines: A or B 
• Special instructions: The reaction module for nitrate/nitrite determinations 

comes equipped with a heating coil that heats the sample stream (after the 
addition of the reagents) to 37°C, which promotes better color development. 
This coil should be given 15 minutes to warm up before any samples are run. 

 
 
Lachat 
 
• Light interference filter: 520nm 
• Sample Loop Size:  150cm 
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WI #: J20008 Date Issued: 10Jun96 
Title: Copperizing and Packing Cadmium 
Reductor Columns 

Revision Date: 21Feb 02 

Author: David Diamond  
Purpose: To provide instruction on how to copperize and pack cadmium columns.  
Section 3 explains how to remove cadmium from a used glass column. 
Scope: These guidelines and requirements apply to Cadmium columns prepared at 
Lachat Instruments. 

1. Special Instructions 

1.1. Use cadmium granules (Lachat Part no. 50231), which have been sieved to pass a 14-mesh 
screen and retain on a 40-mesh screen.  Lack of uniformity in the granule size may cause flow 
problems. 

1.2. While packing the column observe the pump tube on the inlet side of the pump for pulsing.  
This is an indication that the column tubing is plugged or the pump tubing is plugged.  Also, 
observe the flow of ammonia buffer from the column just prior to disconnecting it from the 
peristaltic pump. Look for pulsing or lack of flow.   

1.3. New cadmium granules will give a more uniform color and will results in longer lifetimes than 
recycled granules.  

2. Equipment Needed 

2.1. 0.2% Copper Sulfate Pentahydrate (CuSO4 5H2O) – In a 1 L volumetric flask, dissolve 2 g 
CuSO4 5H2O in about 250 mL of deionized (DI) water.  Dilute to the mark with DI water.  If 
packing more than 4 columns, increase concentration of copper sulfate to 2%. 

2.2. 1M Hydrochloric Acid – In a 1 L volumetric flask, slowly add 82.5 mL of hydrochloric acid 
(HCI) to approximately 500 mL of DI water. Dilute with to the mark with DI water.  Recipe by 
weight:  In a 1 L container, add 917 g DI water and 100 g conc. HCl. 

2.3. Acetone, Lab grade 

2.4. Packing Funnel, plastic, for 12.5 cm diameter paper, VWR cat. No. 30246-021, 6.5 mm O.D. at 
top.  With a scissors, cut about 1.5 cm from the tip of the funnel. Cut a 2 cm piece of 3/8” (5 
mm) PVC tubing.  Sleeve the PVC tubing over the end of the funnel. 

2.5. Wash Basin, approx. 12” X 14” X 6” deep. 

2.6. Peristaltic Pump, set at 35. 

2.7. Pump tube, green/green, Lachat Part No.53214, attached to large PVC transmission tubing with 
a glass line weight attached.  On the other end of the pump tubing attach a pump tube adapter 
with a large collar.  

2.8. Dissecting Probe, Lachat part No. 50060  

2.9. Sample Probe 

2.10. Foam Plugs (2 per column). Plugs should be cut with a scissors to 5 mm3.   Foam Part No:  
50229 

2.11. Ammonia Buffer – CAUTION: Fumes!  To a 10 L container add, 8442 g DI water, 765 g 
Ammonium Chloride (NH4Cl),and 9.0 g disodium ethylenediamine tetraacetate 
(Na2EDTA⋅2H2O). Stir until dissolved. The pH of this solution must be 8.5. Adjust if 
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necessary with 15 N sodium hydroxide (NaOH) before use.  Store in a tightly sealed container.  
This reagent is good for at least 2 months.   

2.12. Check pH of buffer before use, and adjust if necessary!!!! 

2.13. 30 – 125 mL containers and 30 labels (front and back) for cadmium granules. 

3. Column Preparation Procedure – Removal of Used Cadmium 
   

3.1. Fill a 1 L container about one third full with DI water.  

3.2. Gather used columns, dissecting probe and sample probe.  Unscrew both the end fittings and the 
end caps on each side of the column.   

3.3. While holding the column over the container, start to disassemble the column.  First remove the 
end fittings from both ends.  Lay these pieces aside.  Remove one end cap and use the 
dissecting probe to remove the old foam plug. Then turn the column over (make sure that the 
open end is over the container).  Remove the other end cap and foam piece using the dissecting 
probe. Then tap the column ends on the sides of the container.  The cadmium should fall out the 
lower end.  If they do not, use a squirt bottle filled with DI water and put water through the 
column.  The cadmium may come out by doing this, if not, then use the dissecting probe or 
sample probe to remove the rest of the cadmium.  If necessary to dislodge the cadmium, use a 
sonicator to loosen the cadmium.  Then try to remove the cadmium with the dissecting probe 
and DI water.  If the cadmium cannot be removed, the column is considered broken and needs 
to be placed aside for the next lab pack. 

3.4. Once the cadmium has been removed, clean and inspect all of the parts. The parts include two 
end fittings, two end caps, two unions, two Teflon 15 cm lengths of tubing with gripper 
assemblies attached, and a 10 cm length of .032” id. Teflon tubing.  The tubing used with the 
grippers is special in that the dimensions and tolerances are specific for the gripper fittings. (See 
Figure A). If glass columns are chipped on the ends, they will leak when reassembled. 

3.4.1. For end fittings, look at the threads for wear.  If the threads are turned over, discard the 
end fitting. 

3.4.2. For end caps, look at the threads on the inside.  If there are strands of plastic or the 
threads are bad, discard the end cap.  Make sure there is still the white frit in the end. 

3.4.3. For unions, make sure that there are two unions.  If the unions are not properly 
assembled, replace. 

3.4.4. For the grippers, make sure that there are no crimps in the tubing.  If there are, discard 
the gripper. 

3.4.5. For glass columns, make sure that the inside of the column is clean.  DI water can be 
used to rinse them out.  Look at the threads on each end of the column.  If there is a 
chip in just one thread, it can be deemed as okay.  If the chip is in the same spot along 
more than one thread, then the column may leak.  Look at the end of the glass column.  
The end is opaque.  If there is a chip that does not extend across then entire bottom, the 
column may be okay.  If it is across the entire bottom, the column will most likely leak.  
If there is doubt as to whether the column may leak, use a Sharpie marker and mark the 
end of concern.  This column may be repacked.  When finished, if it leaks, then the 
column needs to be replaced. 

3.5. Once the parts have been inspected, place them in a bucket that contains DI water.  This allows 
the parts to be cleaned of debris. 

3.6. Clean and dry the glass column and place a foam plug in one end.  Screw a end cap finger tight 
on the end with the foam plug.  Then add a end fitting with gripper to the tightened end cap.  Do 
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not place a foam plug in the other end yet. Set the column aside.  Assemble the rest of the 
assembly by connecting two unions by 8.5 cm of 0.032” i.d. tubing.  Then add the other 
gripper, end fitting, and end cap to the union assembly.  Set this aside. 

3.7. Continue step 3.1.6 until all cadmium columns are assembled.  Additional parts may be needed 
from inventory to replace the damaged parts from the QC steps. 

4. Cadmium Preparation Procedure 

4.1. Use about four and a half grams of cadmium for each column to be packed. This can be 
weighed into a 250 mL beaker. First, add 30 - 80 mL of acetone to the cadmium granules and 
swirl. Swirl for 5 -10 seconds and then decant the acetone to organic waste. This step is to 
remove any organic residue from the granules.  This step may be repeated. 

4.2. Second, add 100 - 150 mL of DI water to the beaker and swirl for 5 - 10 seconds and gently 
pour off the waste.  During both of these two rinse steps the solution will become cloudy but 
the color of the cadmium granules will not change.   

4.3. Next, add 50 - 100 mL of the 1 M hydrochloric acid.  The cadmium will turn very light gray in 
color and there may be a slight effervescence  

4.4. Swirl the granules with 1 M hydrochloric acid until they are all uniformly gray in color.  If you 
are using recycled cadmium, it may not wash well enough in the above steps; therefore some of 
the granules will remain darker than others. 

4.5. More than one washing with 1 M hydrochloric acid may provide a more uniform final color.  
Gently decant the 1 M hydrochloric acid into a waste container. 

4.6. The final step is to copperize the granules by adding 50 - 100 mL of copper sulfate solution and 
swirling to provide solution contact with the granules.  The granules will turn dark in color and 
the copper sulfate solution will become a lighter shade of blue.  

4.7. Swirl for 10 - 20 seconds and decant the solution to waste.  Add another 50 mL aliquot of 
copper sulfate solution and continue to swirl the beaker.  Repeat this step until colloidal copper 
begins to appear in the solution above the granules.  The colloidal copper has a red/rust color to 
it.  The liquid will also turn a brown color.  Decant this liquid and add one more 50 mL aliquot 
of copper sulfate solution until it turns brown. 

4.8. At this point, stop the copperization process.  If too much copper sulfate is added, the colloidal 
copper will plug the column.  If too little copper sulfate is used, the efficiency and column 
lifetime will degrade.   

4.9. Last, add 50 mL of ammonia buffer. At this point the solution may become slightly turbid.  
If so, gently decant the ammonia buffer to waste and continue to rinse until the buffer is clear.  

4.10. At this stage the granules can be stored for up to one week by covering the beaker with 
parafilm. The copperized granules must remain immersed in the buffer.  Place this beaker in the 
fume hood. 

5. Column Packing Procedure (See Figure B) 

5.1. Place the peristaltic pump to the left of the wash basin.  Place the beaker containing copperized 
granules, both probes, and the funnel in the wash basin. 

5.2. Place the green pump tube assembly in the pump, apply tension to the pump cassette and begin 
pumping ammonia buffer at a speed of 35 into the wash basin.  

5.3. On one side of the wash basin you will have the glass columns with one end cap.  On the other 
side, place the other end cap, end fitting and two union assemblies.   
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5.4. Attach the column to the pump ammonia buffer by attaching the gripper Teflon tubing to the 

union in the wash basin.  Hold the column upright and observe the flow.   

5.5. While the column is filling with buffer, use the sample probe to dislodge air bubbles in the 
foam plug at what is now the bottom of the column chamber.  Sleeve the funnel over the top of 
the column until buffer has risen above the flared section in the funnel.   

5.6. Using a weighing spatula, scoop granules from the beaker into the funnel.  Using the spatula, 
gently tap the sides of the column until the column if full.  If air bubbles are observed in the 
column, empty it and start over.  Tapping the column helps to avoid gaps in the cadmium.  If a 
gap is seen, the column needs to be emptied and start over. 

5.7. Remove the funnel, letting the excess granules drop into the beaker. Using the dissecting probe, 
insert the top foam plug into the column. Push the plug into the column.  (If the plug is over the 
glass surface at the top of the column it will leak.)   

5.8. Pick up the end cap, end fitting, gripper and union assembly from the bench and screw the end 
cap on finger tight. Completely dry the column and observe it for at least one minute for 
leaking.  

5.9. Disconnect the column from the pump at the outlet of the pump tube adapter.  Quickly attach 
the end of the gripper to the union.  After the connections have been made, ensure that the end 
caps are tight.  Place the column in another bucket that contains DI water.   

5.10. When all columns are finished being packed, empty the DI water and allow the cadmium 
columns to dry overnight. 

5.11. Check both end caps to be sure they are on tightly and that the end fitting has been backed out 
far enough for it to be screwed all the way in.  Check to be sure there are no air bubbles or gaps.  
Check the glass column right around the end caps to make sure there has not been any leakage 
of buffer.  If there is, tighten the end caps again and place the column aside for further time to 
ensure there is not leak. 
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Figure A 
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Figure B 
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TN and TDN EPA 353.2 – SM 4500 N C 
 
Scope and Application 
 
• This is an alkaline persulfate oxidation method (D'Elia 1977) on water and/or 

seawater for total nitrogen (TN) and total dissolved nitrogen (TDN).  Nitrate is 
the sole N product of the digestion and is determined by an automated 
colorimetric procedure. This section provides a stepwise procedure for bench 
use by laboratory personnel. 

 
• EPA Method 353.2 is the reference method for measuring nitrate + nitrite in 

water and seawater by automated colorimetric determination, and SM 4500 N 
C is the digestion. This section provides a stepwise procedure for bench use 
by laboratory personnel. 

   
• This method is based on automated colorimetric determination and is 

restricted to the use by or under the supervision of analysts experienced in the 
use of auto analyzers.  The applicable range is from 0.0 to 2.0mg/L. 

 
• Samples are extracted with potassium persulfate and NOx values are obtained 

by activating the cadmium column and calibrating with combined NO3-N + 
NH3-N standards as N for the TN/TDN calibration curve.   

 
 
Summary of Method
 
• For total nitrogen analysis (TN), the whole water sample is pipetted into test 

tubes and analyzed.  For total dissolved nitrogen (TDN) analysis, the whole 
water sample is filtered though a 47mm GF/F filter in the field. 10mL of sample 
is then pipetted into a screw cap test tube. The pipetted sample is then frozen 
at –10°C or below until digestion can be completed. 5mL of an oxidizing 
reagent (potassium persulfate) is then added. The tubes are placed in an 
autoclave at 235°F for 60 minutes. The sample is allowed to sit overnight and 
then is ready for analysis of TN/TDN.  Analysis is completed within 28 days of 
arrival at the laboratory.   

 
• Every 10 samples, a preparation blank, a laboratory spike and a laboratory 

duplicate analysis are performed.  Samples are analyzed using flow injection 
on the Lachat. Nitrate is reduced to nitrite at pH 7.5 in a copperized cadmium 
column. The nitrate reduced to nitrite, plus any free nitrite present, reacts under 
acidic conditions with sulfanilamide to form a diazo compound that couples with 
N-1-Naphthylethylenediamine dihydrochloride to form a reddish-purple azo dye 
that is measured at 550nm. For Nitrite analyses the Cadmium column is not 
used. 
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• The method detection limit (MDL) for TN/TDN analysis on the Lachat is 
0.004mg/L and the practical quantitation limit (PQL) is 0.050mg/L. 

 
• This method is based on automated colorimetric determinations and is 

restricted to the use by, or under the supervision of, analysts experienced in 
the use of auto analyzer equipment. 

 
• The analyzer is calibrated with a minimum of a six point curve (including the 

blank) at the time of analysis. The calibration curve is then verified by an 
external quality control sample from Fisher, an independent supplier.  Fisher 
supply guidelines are used for making up the quality control solutions, as well 
as for information on the true value and acceptable value range for the 
analytes being measured in each quality control sample.  

 
• Initial calibration verification along with an initial calibration blank, demonstrate 

that the instrument is capable of acceptable performance at the beginning of 
the sample analysis. In order to ensure continuing acceptable performance a 
continuing calibration check and continuing calibration blank are run every 
tenth sample. For every 10 samples, a laboratory spike analysis and a 
laboratory duplicate analysis are performed.  At the end of the run a PQL 
(Practical Quantitative Limit) is run for further quality control verification. 

 
 
Interferences 
 
• Build up of suspended matter in the cadmium column will restrict flow. Look for 

a "jerking" action in one or several of the pump tube lines as evidence of such a 
blockage. Nitrate-nitrogen is, however, found in a soluble state, so pre-filtering 
of samples should be sufficient to keep lines clear. 

 
• Low results are possible for samples high in metals concentrations such as iron 

or copper. (1.0g per liter) Na2EDTA.2H2O can be added to the buffer to reduce 
this interference. 

 
• Samples that contain large concentrations of oil and grease will coat the surface 

of the cadmium. Pre-extracting the sample with an organic solvent eliminates 
this interference. 

 
 
References 
 
G-172-96 Rev. 1, February 1999.  Nitrate/Nitrite in Water and Seawater.  Bran 
and Luebbe AutoAnalyzer Applications, Norderstedt, Germany. 
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31-107-044-A, September 18, 2003.  Determination of Total Nitrogen in Brackish 
or Seawater by Flow Injection Analysis.  Lachat Instruments Applications Group, 
Loveland, CO. 
 
EPA Method 353.2.  Determination of Nitrate-Nitrite Nitrogen by Automated 
Colorimetry.  Revision 2.0, August 1993.  Environmental Monitoring Systems 
Laboratory, Office of Research and Development, U.S. Environmental Protection 
Agency, Cincinnati, Ohio. 
 
Standard Method 4500 –N C.  Nitrogen:  Persulfate Method.  Page 4-102—4-
103, 20th Edition, 1998, Standard Methods for the Examination of Water and 
Wastewater. 
 
 
Associated SOP’s 
 
Refer to SOP # 09-032-02, titled “Running the Lachat”. 
 
Refer to SOP# 09-007-06, titled “Hazardous Waste SOP” for proper waste 
disposal. 
 
Refer to the notebook titled “SOP’s” located in the nutrients laboratory. 
 
 
Safety 
 
Samples are disposed of in a hazardous waste jug and are properly labeled. 
 
Reagents are hazardous and are made in the hood.  Protective gear is worn 
when making reagents.  
 
Ensure that waste lines from the Lachat are going to the proper hazardous waste 
jug located under the instrument. 
 
Refer to the University of Connecticut’s Environmental Health and Safety 
Chemical Health and Safety web page at: 
 

http://www.ehs.uconn.edu/update_chem.htm
 
A hard copy of the Chemical Hygiene Plan can be found on the wall in the 
laboratory and in the laboratory notebook titled “Related SOP’s”.  Also refer to 
the Hazardous Waste Disposal section. 
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Materials 
 
Market Forge Autoclave 
Lachat Quick Chem 8500  
Cadmium column 
 
 
Procedure 
 
Reagent Preparation
 
• Unless otherwise specified, all chemicals should be ACS grade or equivalent. 

DI water refers to high quality reagent water, TYPE I or TYPE II as defined in 
ASTM Standards, Part 31, D1193-74.  When making reagents, date the 
container in which the reagent is stored, initial it, and write out the entire name 
of the reagent.  Many of the following solutions are stable indefinitely. 
Otherwise, shelf life is noted. 

 
• Digestion Reagent – Potassium Persulfate 
 
We are currently using Fisher Sodium Hydroxide (catalog no.S318-3) and Fisher 
Potassium Persulfate (catalog no. P282-500). The potassium persulfate should 
be kept in a desiccator to minimize the possibility of oxidization. 
 

Sodium hydroxide     3.0g 
  Potassium persulfate    20.1g 
  Boric Acid      6.0g 
  DI water, q.s.      1000mL final vol. 
    
In a 1L small mouth clear poly bottle, dissolve 3.0g sodium hydroxide in about 
600mL of water. When the sodium hydroxide is completely dissolved, add 20.1g 
potassium persulfate and 6.0g of Boric Acid and dissolve with a magnetic stirrer.  
Dilute to 1 liter with DI water and mix thoroughly. This solution is unstable and 
should be made immediately prior to use. 
 
• Ammonium Chloride Buffer  
 
We are currently using Fisher Hydrochloric Acid (catalog no. S318-3) and Fisher 
Ammonium Hydroxide (catalog no.  A669S-212). 
 
  Hydrochloric Acid (concentrated)   105mL 
  Ammonium Hydroxide    95mL 
  Disodium EDTA     1.0g 
 
Be sure to make this reagent in the hood.  Wear all protective gear!  Add 
about 500mL DI water to a 1000mL amber poly bottle.  Carefully Pour in 105mL 
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concentrated Hydrochloric acid and then, with a new graduated cylinder, pour in 
95mL Ammonium Hydroxide.    Add 1.0g disodium EDTA, dissolve and dilute to 
the mark.  Invert to mix and adjust the pH to 8.5 with 2N HCl solution.   
 
• Sulfanilimide Color Reagent  
 
We are currently using Fisher Sulfanilamide (catalog no. O4525-100), Acros NED 
(catalog no. AC42399-0250), and Fisher Phosphoric acid (catalog no. A242SK-
2212). 
   
  Phosphoric acid (85% soln. by wt.)  100mL 
  Sulfanilamide      40.0g 
  NED (N-(1-napthyl)ethylenediamine  
   dihydrochloride                       1.0g 
 
To a 1L volumetric flask, add about 600mL DI water then add 100mL 85% 
phosphoric acid, 40g Sulfanilamide and 1.0g NED.  Shake to wet, and stir to 
dissolve for 30 minutes.  Dilute to the mark, invert to mix.  Store in a dark bottle 
and discard when the solution turns pink. 
  
• 2N Hydrochloric Acid  
 
We are currently using Fisher Hydrochloric Acid (catalog no. S318-3). 
 

 Hydrochloric acid (concentrated)   16.6mL 
 DI water, q.s.      100mL final vol. 
 

Add 50mL DI water to a graduated cylinder.  Pour in carefully 16.6mL hydrochloric 
acid and dilute to 100mL with DI water. 

 
• Sulfanilamide Color Reagent – Bran and Luebbe 
 
We are currently using Fisher Sulfanilamide (catalog no. O4525-100), Acros NED 
(catalog no. AC42399-0250), and Fisher Phosphoric acid (catalog no. A242SK-
2212). 
 
  Phosphoric acid (85% soln. by wt.)  100mL 
  Sulfanilamide      10.0g 
  NED (N-(1-napthyl)ethylene-                      
  diamine dihydrochloride)     0.5g 
  DI water, q.s.      1000mL  
 
To a 1L amber poly bottle, add about 600mL of water. Then add 100mL of 85% 
phosphoric acid, 10.0g sulfanilamide. Dissolve completely, heat if necessary.  Add 
0.5g NED.  Dilute to final volume, and mix thoroughly. Store the solution in a dark 
bottle. This solution is stable for one month. 
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• System Wash – Bran and Luebbe 
 
We are currently using Brij-35 (catalog no. 9002-92-0) as the system wash. 

 
 Brij 35       6mL 
 DI water      1000mL 

 
Fill clear plastic poly bottle with DI water, add 6mL of Brij-35.  Invert 3 times to mix. 
 
• Cadmium-Copper Reduction Column 
 
Pre-packed cadmium columns for use with both the Lachat and the Bran & Luebbe 
nitrate/nitrite manifold are available from Lachat/HACH (Lachat part/order no. 
50237A). Instructions for repacking columns in the laboratory are at the end of this 
SOP. 
 
 
Standard Preparation
  
Working standards can be made by weight or volume.  Standards are made 
using a 1000µg/mL stock certified from Acculon or another source different from 
the QC. 
 
• Stock Standard, 20.0mg/L N 
 
  Acculon Stock (NH3-N and NO3

--N)   1mL of each 
  DI water, q.s.                                   100mL 
 
 
In a 100mL volumetric flask containing about 80mL of DI add 1 mL each of Stock 
Acculon NH3-N and NO3

--N Standards.  Dilute to 100mL with DI and mix 
thoroughly.  Record the information in the stock standard logbook. 
 
• Working Standard Solutions for Low Range Analysis 
 
 mL(g) 20mg/L Stock                                mg/L N
  
  10      2.0 
  5      1.0 
  3      0.6 
  1      0.2 
  0.05      0.1 

0.025                              0.05 
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• Preparation of working standards: 
 
• Transfer aliquots of Stock 20mg/L stock as noted above to individual 100 mL 

volumetric flasks.  Dilute to volume with DI water and mix thoroughly. Record 
the information in working standard logbook.  Prepare fresh weekly.  

   
• Cadmium column efficiency is not tested for this analysis because the calibrants 

are digested in potassium persulfate.  Ensure that column efficiency has been 
tested prior to this run on the most recent NOx analysis and has fallen within 
acceptable limits. 

  
 
Sample Preparation
 
• Sample turbidity may be removed by filtration though a 47mm GF/F filter prior 

to analysis and will yield the TDN result.  Turbidity absorbing in the range of 
550 nanometers (nm) will present a positive bias.   

 
• Preserve the sample by freezing at -10°C or below until the time of analysis.  

Samples may be stored in test tubes in the freezer until time of analysis.  
Ensure that test tubes are not cracked after defrosting samples for 
preparation.   

 
• Sample containers are to be rinsed with 1:1 Hydrochloric Acid, followed by DI 

water and finally by an aliquot of the sample itself. Disposable plastic sample 
tubes are used during analysis to avoid contamination from improper washing 
of glass tubes. 

 
• Pipette 10mL of sample into a 30mL test tube. 10mL of standards, QC and 

blanks should also be pipetted.  The highest concentration of standard is 
pipetted 6 times to account for setting the gain on the instrument, and running 
the drift and primer cups.  The rest of the standards are pipetted at least 3 
times for each concentration.   

 
• The quality control sample (QC) is made up in 100mL volumes per every 60 or 

so samples.  Larger quantities are necessary if running large batches of 
samples.  The QC concentration changes with each new lot # purchased from 
Environmental Resource Associates.  It is made fresh daily. 

 
• Generally, spiked samples are spiked with 250µL of the 20ppm stock standard, 

and are spiked directly into the test tube before digestion yielding a spike 
concentration of 0.488ppm. 

 
• Add 5mL of digestion reagent and mix thoroughly. Place the samples and 

standards into the autoclave and heat from 235°F for one hour for a final 
volume of 15mL in the test tube. 
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• Allow the autoclave pressure to equalize, and the temperature to decrease 
removing the sample. Cool to room temperature overnight. 

 
• If analysis cannot be performed immediately samples can be stored at 4°C 

after digestion. 
 
 
Instrumental Analysis 
 
• Transfer the samples to disposable test tubes for automated TN/TDN analysis 

on the Lachat (method 31-107-04-4-A).   
 
• It is assumed that the user is basically familiar with the appearance and location 

of the various parts of the Lachat. It is also assumed that a method for running 
TN/TDN analyses has already been created, and that the user is familiar with 
basic system operations. For a physical description of the instrument and any 
related software information, see the Lachat (SOP # 09-032-06). 

 
• Ensure that the proper sized sample loop is connected between ports 1 and 4 of 

the inject valve. 
   
• The sample loop is 150cm long and labeled “TN”.  It can be found in the drawer 

of Lachat parts.   
 
• The column efficiency should be greater than 90%, as stated by certification 

from Lachat.  When the efficiency falls outside of this range, the cadmium 
column must be replaced. 

 
• Introduce the ammonium chloride reagent into the chemistry manifold first and 

let it flow for about a minute before introducing the sulfanilamide.   
 
• When using the cadmium column, ALWAYS ensure that the column is 

activated when ALL reagents are pumping through the system.  Likewise, 
make sure the column is in the “off” position at the end of the run before 
taking reagent lines out of solution for the wash step. 

 
• Cadmium columns are purchased from Lachat instruments (CAT # 50237A), 

however cadmium may be regenerated in the laboratory according to Lachat 
publication WI#J20008.  Publication included at the end of this SOP. 

 
 
Calculations
 
• Percent recovery for the spike is determined using the following formula: 
   
   %R = (A-B)/C*100 
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 Where: 
   A = measured value in mg/L for the sample + spike 
   B = measured value in mg/L for the original sample 
   C = concentration of the spike in mg/L 
 
• Relative percent difference for the duplicate is calculated by the following 

formula: 
 
     RPD = (A-B)/((A+B)/2)*100 
 
 Where:  A = the value in mg/L for the first run of the sample 
               B = the value in mg/L for the second run of the sample 
 
• To determine the column efficiency use the following formula: 
 

E = [NO3
--N x100 

          [NO2
--N 

 
 Where:  E = column efficiency 
               NO3

--N = concentration of nitrate standard 
          NO2

--N = concentration of nitrite standard 
 
 
Quality Control 
 
• A certified second source quality control sample (purchased from Fisher) is 

analyzed for every delivery group (or every 10 samples) and the value must be 
within 90-110% recovery to be considered acceptable. 

 
• A spike is analyzed for every delivery group (or every 10 samples).  The 

percent recovery must fall within the 85-115% recovery to be considered 
acceptable. 

 
• A duplicate is analyzed for every delivery group (or every 10 samples).  The 

relative percent difference for the duplicate analysis must fall below 25%. 
 
• A blank is analyzed every delivery group or every 10 samples and the value 

must fall below the PQL to be considered acceptable. 
 
• A second quality control sample is analyzed at the end of the run and is the 

concentration of the PQL, or the lowest standard.  Acceptable ranges for the 
PQL are 50-150% recovery. 
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Other System Notes 
 
• Light interference filter: 520nm 
• Sample Loop Size:  150cm 
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WI #: J20008 Date Issued: 10Jun96 
Title: Copperizing and Packing Cadmium 
Reductor Columns 

Revision Date: 21Feb 02 

Author: David Diamond  
Purpose: To provide instruction on how to copperize and pack cadmium columns.  
Section 3 explains how to remove cadmium from a used glass column. 
Scope: These guidelines and requirements apply to Cadmium columns prepared at 
Lachat Instruments. 

1. Special Instructions 

1.1. Use cadmium granules (Lachat Part no. 50231), which have been sieved to pass a 14-mesh 
screen and retain on a 40-mesh screen.  Lack of uniformity in the granule size may cause flow 
problems. 

1.2. While packing the column observe the pump tube on the inlet side of the pump for pulsing.  
This is an indication that the column tubing is plugged or the pump tubing is plugged.  Also, 
observe the flow of ammonia buffer from the column just prior to disconnecting it from the 
peristaltic pump. Look for pulsing or lack of flow.   

1.3. New cadmium granules will give a more uniform color and will results in longer lifetimes than 
recycled granules.  

2. Equipment Needed 

2.1. 0.2% Copper Sulfate Pentahydrate (CuSO4 5H2O) – In a 1 L volumetric flask, dissolve 2 g 
CuSO4 5H2O in about 250 mL of deionized (DI) water.  Dilute to the mark with DI water.  If 
packing more than 4 columns, increase concentration of copper sulfate to 2%. 

2.2. 1M Hydrochloric Acid – In a 1 L volumetric flask, slowly add 82.5 mL of hydrochloric acid 
(HCI) to approximately 500 mL of DI water. Dilute with to the mark with DI water.  Recipe by 
weight:  In a 1 L container, add 917 g DI water and 100 g conc. HCl. 

2.3. Acetone, Lab grade 

2.4. Packing Funnel, plastic, for 12.5 cm diameter paper, VWR cat. No. 30246-021, 6.5 mm O.D. at 
top.  With a scissors, cut about 1.5 cm from the tip of the funnel. Cut a 2 cm piece of 3/8” (5 
mm) PVC tubing.  Sleeve the PVC tubing over the end of the funnel. 

2.5. Wash Basin, approx. 12” X 14” X 6” deep. 

2.6. Peristaltic Pump, set at 35. 

2.7. Pump tube, green/green, Lachat Part No.53214, attached to large PVC transmission tubing with 
a glass line weight attached.  On the other end of the pump tubing attach a pump tube adapter 
with a large collar.  

2.8. Dissecting Probe, Lachat part No. 50060  

2.9. Sample Probe 

2.10. Foam Plugs (2 per column). Plugs should be cut with a scissors to 5 mm3.   Foam Part No:  
50229 

2.11. Ammonia Buffer – CAUTION: Fumes!  To a 10 L container add, 8442 g DI water, 765 g 
Ammonium Chloride (NH4Cl),and 9.0 g disodium ethylenediamine tetraacetate 
(Na2EDTA⋅2H2O). Stir until dissolved. The pH of this solution must be 8.5. Adjust if 
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necessary with 15 N sodium hydroxide (NaOH) before use.  Store in a tightly sealed container.  
This reagent is good for at least 2 months.   

2.12. Check pH of buffer before use, and adjust if necessary!!!! 

2.13. 30 – 125 mL containers and 30 labels (front and back) for cadmium granules. 

3. Column Preparation Procedure – Removal of Used Cadmium 
   

3.1. Fill a 1 L container about one third full with DI water.  

3.2. Gather used columns, dissecting probe and sample probe.  Unscrew both the end fittings and the 
end caps on each side of the column.   

3.3. While holding the column over the container, start to disassemble the column.  First remove the 
end fittings from both ends.  Lay these pieces aside.  Remove one end cap and use the 
dissecting probe to remove the old foam plug. Then turn the column over (make sure that the 
open end is over the container).  Remove the other end cap and foam piece using the dissecting 
probe. Then tap the column ends on the sides of the container.  The cadmium should fall out the 
lower end.  If they do not, use a squirt bottle filled with DI water and put water through the 
column.  The cadmium may come out by doing this, if not, then use the dissecting probe or 
sample probe to remove the rest of the cadmium.  If necessary to dislodge the cadmium, use a 
sonicator to loosen the cadmium.  Then try to remove the cadmium with the dissecting probe 
and DI water.  If the cadmium cannot be removed, the column is considered broken and needs 
to be placed aside for the next lab pack. 

3.4. Once the cadmium has been removed, clean and inspect all of the parts. The parts include two 
end fittings, two end caps, two unions, two Teflon 15 cm lengths of tubing with gripper 
assemblies attached, and a 10 cm length of .032” id. Teflon tubing.  The tubing used with the 
grippers is special in that the dimensions and tolerances are specific for the gripper fittings. (See 
Figure A). If glass columns are chipped on the ends, they will leak when reassembled. 

3.4.1. For end fittings, look at the threads for wear.  If the threads are turned over, discard the 
end fitting. 

3.4.2. For end caps, look at the threads on the inside.  If there are strands of plastic or the 
threads are bad, discard the end cap.  Make sure there is still the white frit in the end. 

3.4.3. For unions, make sure that there are two unions.  If the unions are not properly 
assembled, replace. 

3.4.4. For the grippers, make sure that there are no crimps in the tubing.  If there are, discard 
the gripper. 

3.4.5. For glass columns, make sure that the inside of the column is clean.  DI water can be 
used to rinse them out.  Look at the threads on each end of the column.  If there is a 
chip in just one thread, it can be deemed as okay.  If the chip is in the same spot along 
more than one thread, then the column may leak.  Look at the end of the glass column.  
The end is opaque.  If there is a chip that does not extend across then entire bottom, the 
column may be okay.  If it is across the entire bottom, the column will most likely leak.  
If there is doubt as to whether the column may leak, use a Sharpie marker and mark the 
end of concern.  This column may be repacked.  When finished, if it leaks, then the 
column needs to be replaced. 

3.5. Once the parts have been inspected, place them in a bucket that contains DI water.  This allows 
the parts to be cleaned of debris. 

3.6. Clean and dry the glass column and place a foam plug in one end.  Screw a end cap finger tight 
on the end with the foam plug.  Then add a end fitting with gripper to the tightened end cap.  Do 
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not place a foam plug in the other end yet. Set the column aside.  Assemble the rest of the 
assembly by connecting two unions by 8.5 cm of 0.032” i.d. tubing.  Then add the other 
gripper, end fitting, and end cap to the union assembly.  Set this aside. 

3.7. Continue step 3.1.6 until all cadmium columns are assembled.  Additional parts may be needed 
from inventory to replace the damaged parts from the QC steps. 

4. Cadmium Preparation Procedure 

4.1. Use about four and a half grams of cadmium for each column to be packed. This can be 
weighed into a 250 mL beaker. First, add 30 - 80 mL of acetone to the cadmium granules and 
swirl. Swirl for 5 -10 seconds and then decant the acetone to organic waste. This step is to 
remove any organic residue from the granules.  This step may be repeated. 

4.2. Second, add 100 - 150 mL of DI water to the beaker and swirl for 5 - 10 seconds and gently 
pour off the waste.  During both of these two rinse steps the solution will become cloudy but 
the color of the cadmium granules will not change.   

4.3. Next, add 50 - 100 mL of the 1 M hydrochloric acid.  The cadmium will turn very light gray in 
color and there may be a slight effervescence  

4.4. Swirl the granules with 1 M hydrochloric acid until they are all uniformly gray in color.  If you 
are using recycled cadmium, it may not wash well enough in the above steps; therefore some of 
the granules will remain darker than others. 

4.5. More than one washing with 1 M hydrochloric acid may provide a more uniform final color.  
Gently decant the 1 M hydrochloric acid into a waste container. 

4.6. The final step is to copperize the granules by adding 50 - 100 mL of copper sulfate solution and 
swirling to provide solution contact with the granules.  The granules will turn dark in color and 
the copper sulfate solution will become a lighter shade of blue.  

4.7. Swirl for 10 - 20 seconds and decant the solution to waste.  Add another 50 mL aliquot of 
copper sulfate solution and continue to swirl the beaker.  Repeat this step until colloidal copper 
begins to appear in the solution above the granules.  The colloidal copper has a red/rust color to 
it.  The liquid will also turn a brown color.  Decant this liquid and add one more 50 mL aliquot 
of copper sulfate solution until it turns brown. 

4.8. At this point, stop the copperization process.  If too much copper sulfate is added, the colloidal 
copper will plug the column.  If too little copper sulfate is used, the efficiency and column 
lifetime will degrade.   

4.9. Last, add 50 mL of ammonia buffer. At this point the solution may become slightly turbid.  
If so, gently decant the ammonia buffer to waste and continue to rinse until the buffer is clear.  

4.10. At this stage the granules can be stored for up to one week by covering the beaker with 
parafilm. The copperized granules must remain immersed in the buffer.  Place this beaker in the 
fume hood. 

5. Column Packing Procedure (See Figure B) 

5.1. Place the peristaltic pump to the left of the wash basin.  Place the beaker containing copperized 
granules, both probes, and the funnel in the wash basin. 

5.2. Place the green pump tube assembly in the pump, apply tension to the pump cassette and begin 
pumping ammonia buffer at a speed of 35 into the wash basin.  

5.3. On one side of the wash basin you will have the glass columns with one end cap.  On the other 
side, place the other end cap, end fitting and two union assemblies.   
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5.4. Attach the column to the pump ammonia buffer by attaching the gripper Teflon tubing to the 

union in the wash basin.  Hold the column upright and observe the flow.   

5.5. While the column is filling with buffer, use the sample probe to dislodge air bubbles in the 
foam plug at what is now the bottom of the column chamber.  Sleeve the funnel over the top of 
the column until buffer has risen above the flared section in the funnel.   

5.6. Using a weighing spatula, scoop granules from the beaker into the funnel.  Using the spatula, 
gently tap the sides of the column until the column if full.  If air bubbles are observed in the 
column, empty it and start over.  Tapping the column helps to avoid gaps in the cadmium.  If a 
gap is seen, the column needs to be emptied and start over. 

5.7. Remove the funnel, letting the excess granules drop into the beaker. Using the dissecting probe, 
insert the top foam plug into the column. Push the plug into the column.  (If the plug is over the 
glass surface at the top of the column it will leak.)   

5.8. Pick up the end cap, end fitting, gripper and union assembly from the bench and screw the end 
cap on finger tight. Completely dry the column and observe it for at least one minute for 
leaking.  

5.9. Disconnect the column from the pump at the outlet of the pump tube adapter.  Quickly attach 
the end of the gripper to the union.  After the connections have been made, ensure that the end 
caps are tight.  Place the column in another bucket that contains DI water.   

5.10. When all columns are finished being packed, empty the DI water and allow the cadmium 
columns to dry overnight. 

5.11. Check both end caps to be sure they are on tightly and that the end fitting has been backed out 
far enough for it to be screwed all the way in.  Check to be sure there are no air bubbles or gaps.  
Check the glass column right around the end caps to make sure there has not been any leakage 
of buffer.  If there is, tighten the end caps again and place the column aside for further time to 
ensure there is not leak. 
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Figure A 
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Figure B 
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TP and TDP EPA 365.1 

 
Scope and Application 
 
• EPA Method 365.1 is the reference method for the measurement of total 

phosphorus in water and seawater after preliminary digestion with sodium 
persulfate. 

  
• The Method Detection Limit (MDL) is 0.002 mg/L and the Practical 

Quantitation Limit (PQL) is 0.010mg/L. 
 
• This section provides a stepwise procedure for bench use by laboratory 

personnel. 
 
• This method (Bran and Luebbe orthophosphate method number G-175-96 

Rev. 1) was developed for the quantitative analysis of orthophosphate in water 
and seawater. The applicable range is 0 to 0.5mg/L of orthophosphate as 
phosphorus using the sample B lines. Samples higher in range may be diluted 
and re-run or analyzed calibrating with a higher concentration (usually 
1.0ppm).   

 
• This method is based on automated colorimetric determination and is 

restricted to the use by or under the supervision of analysts experienced in the 
use of auto analyzers. 

 
 
Summary of Method
 
• For total dissolved phosphorus, the whole water sample may be filtered 

though a 45mm GF/F filter. The filtrate is then preserved by adding H2SO4 to a 
pH of <2 at the time of collection and freezing at or below -10°C until analysis 
is performed.  The client may decide to solely freeze samples without 
preservation, and should notify/discuss these procedures with CESE staff prior 
to sample acceptance.  The filtered sample will yield the total dissolved 
phosphorus (TDP) value, while the whole water sample will yield a total 
phosphorus (TP) value.  Analysis is completed within 28 days of arrival at the 
laboratory. 

 
• The sample is digested with sodium persulfate in an autoclave at 235°F for 

one hour. 
 
• Samples for TP/TDP are analyzed by an automated procedure on the Bran 

and Luebbe AA3 segmented flow analyzer. An aliquot of digested sample is 
reacted with reagents containing sulfuric acid, antimony tartrate, ammonium 
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molybdate and ascorbic acid, and the resulting molybdenum blue complex is 
measured photometrically at 880nm. 

 
• This method is based on automated colorimetric determinations and is 

restricted to the use by, or under the supervision of, analysts experienced in 
the use of auto analyzer equipment. 

 
• The Bran and Luebbe Auto Analyzer is calibrated with a minimum of a six 

point curve (including the blank) at the time of analysis. The calibration curve 
is then verified by an external quality control sample from Fisher, an 
independent supplier.  Fisher supply guidelines are used for making up the 
quality control solutions, as well as for information on the true value and 
acceptable value range for the analytes being measured in each quality 
control sample.  

 
• This initial calibration check along with an initial calibration blank, demonstrate 

that the instrument is capable of acceptable performance at the beginning of 
the sample analysis. In order to ensure continuing acceptable performance a 
continuing calibration check and continuing calibration blank are run every 
tenth sample. For every 10 samples, a laboratory spike analysis and a 
laboratory duplicate analysis are performed.  At the end of the run a PQL 
(Practical Quantitative Limit) is run for further quality control verification. 

 
 
Interferences 
 
• Silica forms a pale blue complex that also absorbs at 880nm and is generally 

insignificant because a silica concentration of approximately 30mg/L would be 
required to produce a 0.005 P/L positive error in orthophosphate. 

 
• Concentrations of ferric iron greater than 50mg/L cause a negative error due 

to competition with the complex for the reducing agent ascorbic acid.  Samples 
may be treated with sodium bi-sulfite to eliminate this interference, as well as 
interferences due to arsenates. 

 
• Acidity among samples, standards and blanks should be carefully controlled. 

Large variations in acidity will affect sample and/or standard peaks. 
 
• Good glassware cleaning procedures should always be used. Phosphorus 

contamination is a constant problem.  Proper glassware washing protocol 
should elevate this problem.  

 
•  
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Associated SOP’s 
 
Refer to SOP# 09-018-06, titled “Running the Bran and Luebbe”. 
 
Refer to SOP# 09-007-06, titled “Hazardous Waste SOP” for proper waste 
disposal. 
 
Refer to the notebook titled “SOP’s” located in the nutrients laboratory. 
 
 
Safety 
 
Samples are disposed in a hazardous waste jug and are appropriately labeled.   
 
Reagents are hazardous and are made in the hood.  Protective gear is worn 
when making reagents.  
 
Ensure that waste lines from the Bran and Luebbe are going to the proper 
hazardous waste jug located under the instrument. 
 
Refer to the University of Connecticut’s Environmental Health and Safety 
Chemical Health and Safety web page at: 
 

http://www.ehs.uconn.edu/update_chem.htm
 
A hard copy of the Chemical Hygiene Plan can be found on the wall in the 
laboratory and in the laboratory notebook titled “SOP’s”.  Also refer to the 
Hazardous Waste Disposal section. 
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Materials 
 
Bran and Luebbe AA3 Auto Analyzer 
Market Forge Autoclave 
 
 
Procedure 
 
Reagent Preparation
 
• Unless otherwise specified, all chemicals should be ACS grade or equivalent. 

DI water refers to high quality reagent water, TYPE I or TYPE II as defined in 
ASTM Standards, Part 31, D1193-74.  When making reagents, date the 
container in which the reagent is stored, initial it, and write out the entire name 
of the reagent.  Many of the following solutions are stable indefinitely. 
Otherwise, shelf life is noted. 

 
• Stock Antimony Potassium Tartrate 
 
We are currently using Fisher Antimony Potassium Tartrate (catalog no. 
A867-250). 
  Antimony Potassium Tartrate   2.3g 
  DI water, q.s.      100mL final vol. 
   
Dissolve 2.3g of Antimony Potassium Tartrate in about 80mL of DI water in 
100mL volumetric flask. Dilute to 100mL with DI water and mix thoroughly. Store 
the solution in a dark plastic container. 
  
 
• 1N Sulfuric Acid 
 
We are currently using Fisher Sulfuric acid (catalog no. SA176-4). 
 
 Sulfuric acid       28mL 
 DI water, q.s.                   1000mL final vol. 
   
Fill amber poly bottle ¾ with DI water and add 28mL of sulfuric acid.  Dilute to 
1000mL with DI water and mix thoroughly.  
  
• Molybdate Color Reagent 
 
We are currently using Fisher Sulfuric Acid (catalog no. SA176-4). 
 
  Stock antimony potassium tartrate solution     22mL 
  Ammonium molybdate     6g 
  Sulfuric acid                                   64mL 
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  DI water, q.s.                                  1000mL final vol. 
 
To a 1 liter amber poly bottle add about 500mL of DI water, then 64mL of 
concentrated sulfuric acid. Swirl to mix and cool under tap water being sure no 
tap water enters the flask. After the solution cools add 22mL of stock antimony 
potassium tartrate solution and 6 g of stock ammonium molybdate.  Dilute to 
1000mL with DI water and mix thoroughly.   Store the solution in a dark poly 
bottle and the solution is stable for one month.   
  
Alternate Recipe (to minimize silica interference): 
 
To a 1L volumetric flask add about 500mL water, then add 70mL concentrated 
sulfuric acid (caution: the solution will get hot!). Swirl to mix. After the solution 
cools add 72mL of stock antimony potassium tartrate solution and 213mL of 
stock ammonium molybdate solution. Dilute to 1000mL with water and mix 
thoroughly. Store the solution in a dark plastic container. This solution is stable 
for one month. 
  
• Ascorbic Acid 
 
We are currently using Fisher, L-ascorbic acid (catalog no. BP351-500) and BDH 
Laboratory Supplies SDS (Fisher catalog no. NC9715561). 
 
 
  Ascorbic Acid     8 g 
  Acetone      45mL 
  SDS       8g 
  DI Water, q.s.     1000mL final vol. 
 
 
In a 1L amber poly bottle, dissolve 8g of Ascorbic Acid in 800mL DI water and 
45mL of Acetone. Dilute to 1000 mL with DI water and mix thoroughly.   Add 8g 
of SDS and swirl gently.  This solution is stable for 5 days. 
 
• Special Wash 
 
We are currently using Clorox bleach. 
 
  Clorox       100mL 
  DI water      900mL 
 
Add 1:10 Bleach to DI water.  Solution is stable for one day.  Store the solution in 
a clear poly container. 
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• System Wash Solution 
 
We are currently using SDS (Fisher catalog no. NC9715561). 
  

SDS        8g 
 DI water       1000mL 
 
Fill 1000mL of DI water into a clear poly bottle and add 8g of SDS.  Mix by 
swirling. 
 
• Digestion Reagent -- Sodium Persulfate 
 
We are currently using Fisher Sodium Persulfate (catalog no.AC20202-0010) 
and Fisher Sulfuric acid (catalog no. SA176-4). 
 
 Sulfuric acid      11.4mL  
 Sodium persulfate     50g 
 DI water, q.s.      1000mL final vol. 
 
Add 11.4mL sulfuric acid in a 1L clear poly bottle and cool under tap water.  
Dissolve 50g of sodium persulfate and dilute to final volume of 1000mL with DI.  
The solution is not stable and must be prepared with every prior to use. 
 
 
Standard Preparation
  
Working standards can be made by weight or volume.  Standards are made 
using a 1000µg/mL stock certified from Acculon or another source different from 
the QC. 
 
• Stock Standard, 10.0 mg/L N 
 
  Acculon Stock (Phosphorous)    1mL 
  DI water, q.s.                                   100mL 
 
In a 100mL volumetric flask containing about 80mL of DI add 1mL of Stock 
Acculon Phosphorus Standard.  Dilute to 100mL with DI and mix thoroughly.  
Record the information in the stock standard logbook. 
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• Working Standard Solutions for Low Range Analysis 
 
 mL(g) 10mg/L Stock                                mg/L P
  
  5.0      0.500 
  3.0      0.300 
  1.0      0.100 
  0.5      0.050 
  0.25      0.025 
  0.1      0.010 
 
• Preparation of working standards: 
 
Transfer aliquots of stock 10mg/L stock as noted above to individual 100mL 
volumetric flasks.  Dilute to volume with DI water and mix thoroughly. Record the 
information in working standard logbook.  Prepare fresh daily.    
 
  
Sample Preparation
 
• Sample turbidity may be removed by filtration though a 47mm GF/F prior to 

analysis. Turbidity absorbing in the range of 880 nanometers (nm) will present 
a positive bias.   The filtered water sample will yield a total dissolved 
phosphorus (TDP) result. 

 
• The filtrate is then preserved in the field by adding H2SO4 to a pH of <2 at the 

time of collection and freezing at or below -20°C until analysis is performed.  
The client may decide to solely freeze samples without preservation to 
eliminate variability, and to minimize potential safety issues associated with 
field acidification.  The client will notify/discuss these procedures with CESE 
staff prior to sample acceptance.  Disposable plastic sample tubes are used 
during analysis to avoid contamination from improper washing of glass tubes. 

 
• Sample containers are to be rinsed with 1:1 hydrochloric acid, followed by DI 

water and finally by an aliquot of the sample itself.  Disposable plastic sample 
tubes are used during analysis to avoid contamination from improper washing 
of glass tubes. 

 
• Pipette 10mL of sample into a 30mL test tube. 10mL of standards, QC and 

blanks should also be pipetted.  The highest concentration of standard is 
pipetted 6 times to account for setting the gain on the instrument, and running 
the drift and primer cups.  The rest of the standards are pipetted at least 3 
times for each concentration.   

 
• The Quality Control sample (QC) is made up in 100mL volumes per every 60 

or so samples.  Larger quantities are necessary if running large batches of 
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samples.  The QC concentration changes with each new lot # purchased from 
Environmental Resource Associates. 

 
• Generally, spiked samples are spiked with 250µL of the 10ppm stock standard, 

and are spiked directly into the test tube before digestion yielding a spike 
concentration of 0.244ppm.   

 
• To each test tube add 3mL of digestion reagent and mix thoroughly. Place the 

samples, QC and standards into the autoclave and heat to 235°F for 1 hour. 
 
• Allow the autoclave pressure to equalize, and the temperature to decrease 

removing the sample. Cool to room temperature overnight. 
 
• Samples are run the day following preparation, however if analysis cannot be 

performed immediately samples can be stored at 4°C after the digestion. 
 
• Transfer the samples to disposable plastic test tubes for automated ortho-

phosphate analysis on the Bran and Luebbe (SOP #09-018-06).  
 
 
Instrumental Analysis 
 
• Analyze the sample for TP/TDP using Bran and Luebbe method for phosphate 

in water and seawater (method G-175-96 Rev. 1). 
 
• It is assumed that the user is basically familiar with the appearance and location 

of the various parts of the Bran and Luebbe AA3 AutoAnalyzer. It is also 
assumed that a method for running TP/TDP analyses has already been created, 
and that the user is familiar with basic system operations. For a physical 
description of the instrument and any related software information, see SOP # 
09-018-06 entitled “Running the Bran and Luebbe”.   

 
• Hook up the “T” fitting on the sample probe to the white/white sample waste 

line. 
 
• Ensure that the sample A (low range) orange sample line that is not in use is in 

the carrier DI water bottle. 
 
• The tubing leading to the colorimeter is always glass for this analysis, and the 

manifold is set up this way permanently. 
 
• If the phosphorus chemistry is to be used following a chemistry that uses Brij-35 

(i.e. nitrite), wash they system thoroughly with 1N H2SO4.  Brij-35 will interfere 
with the phosphorus chemistry. 
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Calculations
 
• Percent recovery for the spike is determined using the following formula: 
   
   %R = (A-B)/C*100 
 Where: 
   A = measured value in mg/L for the sample + spike 
   B = measured value in mg/L for the original sample 
   C = concentration of the spike in mg/L 
 
• Relative percent difference for the duplicate is calculated by the following 

formula: 
 
     RPD = (A-B)/((A+B)/2)*100 
 
 Where:  A = the value in mg/L for the first run of the sample 
               B = the value in mg/L for the second run of the sample 
 
 
Quality Control 
 
• A certified second source quality control sample (purchased from Fisher) is 

analyzed for every delivery group (or every 10 samples) and the value must be 
within 90-110% recovery to be considered acceptable or as per client 
requirements. 

 
• A spike is analyzed for every delivery group (or every 10 samples).  The 

percent recovery must fall within the 85-115% recovery to be considered 
acceptable. 

 
• A duplicate is analyzed for every delivery group (or every 10 samples) and 

must have a relative percent difference below 25%. 
 
• A blank is analyzed every delivery group or every 10 samples and the value 

must fall below the PQL to be considered acceptable. 
 
• A second quality control sample is analyzed at the end of the run and is the 

concentration of the PQL, or the lowest standard.  Acceptable ranges for the 
PQL are 50-150% recovery. 
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Other System Notes
 
• Chemistry Module 1-1 
• Light interference filter: 880nm 
• Sample Lines: B 
• Special instructions: The reaction module for phosphorus determinations comes 

equipped with a heating coil that heats the sample stream (after the addition of 
the reagents) to 37°C, which promotes better color development. This coil 
should be given 15 minutes to warm up before any samples are run. 
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Chlorophyll--EPA 445.0 
 
Scope and Application 
 
• EPA method 445.0 is the reference method for measuring chlorophyll a in 

water and seawater by flourometric analysis.  This section provides a stepwise 
procedure for bench use by laboratory personnel. 

 
• This method for determining chlorophyll a is more sensitive than the 

spectrophotometric method.  
 
• The fluorometer is calibrated with purchased chlorophyll a standards of known 

value from Turner Designs (Cat. # 10-850).  
 
• The method detection limit (MDL) is 0.8µg/L for this analysis and the practical 

quantitation limit (PQL) is 4µg/L which is 5 times the MDL.  The calculated 
MDL is 0.02µg/L and the calculated PQL is 0.1µg/L. 

 
 
Summary of Method
 
• A known volume of water is filtered through a 25mm, 0.7µm GF/F filter and the 

resulting pigments are extracted with a 90% acetone solution. The 
fluorescence of the extract is determined with a fluorometer and the 
chlorophyll a concentration is calculated. 

 
• Fluorescence is temperature dependent with higher sensitivity occurring at 

lower temperatures.  Samples, standards, blanks and spikes must all be at the 
same temperature. 

 
 
Interferences 
 
• Any substance extracted for the filter or acquired from laboratory 

contamination that fluoresces in the red region of the spectrum may interfere in 
the accurate measurement of chlorophyll a. 

 
 
References 
 
• EPA Method 445.0.  In Vitro Determination of Chlorophyll a and Pheophytin a 

in Marine and Freshwater Algae by Fluorescence.  Revision 1.2, September, 
1997.  National Exposure Research Laboratory, Office of R &D, U.S.E.P.A., 
Cincinnati, OH 45268 
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Associated SOP’s 
 
Refer to SOP# 09-007-06, titled “Hazardous Waste SOP” for proper waste 
disposal. 
 
Refer to the notebook titled “SOP’s” located in the nutrients laboratory. 
 
 
Safety 
 
Acetone is extremely flammable and is an eye, mucous and skin irritant.  Wear 
appropriate safety glasses and gloves and use in the hood.   
 
Refer to the University of Connecticut’s Environmental Health and Safety 
Chemical Health and Safety web page at: 
 

http://www.ehs.uconn.edu/update_chem.htm
 
A hard copy of the Chemical Hygiene Plan can be found on the wall in the 
laboratory and in the laboratory notebook titled “SOP’s”.  Also refer to the 
Hazardous Waste Disposal section. 
 
 
Materials 
 
Turner 450 fluorometer with a 1cm light path length. 
 
 
Procedure 
 
Reagent Preparation 
 
• Unless otherwise specified, all chemicals should be ACS grade or equivalent. 

Deionized water refers to high quality reagent water, Type I or Type II as 
defined in ASTM Standards, Part 31, and section D1193-75. 

 
• Aqueous Acetone 
 
  Acetone      90mL 
  Deionized Water     10mL 
 
Combine 90mL of acetone with 10mL of deionized water and mix thoroughly.  We 
are currently using Baker acetone (catalog no. 9006-03). 
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Standard Preparation
  
• We are currently using primary chlorophyll a standards purchased from 

Turner Designs (Cat. # 10-850).  The two concentrations come in a high and 
low concentration, and the analyst must dilute the high standard to create a 
mid-range calibration point. 

 
• It is important to pay close attention to pouring chlorophyll standards, to be 

careful not to lose sample volume. 
 
 
Sample Preparation
 
• A known volume of water is passed through a 25mm, 0.7µm GF/F filter pad in 

the field. The pad is then folded in half and stored in aluminum foil, labeled, 
and frozen until analysis can take place.  Filters can be stored frozen for 28 
days without sample degradation. 

 
• Samples may also be filtered in the laboratory and appropriate volumes of 

sample filtered are recorded and apparatus is rinsed with dilute hydrochloric 
acid and then rinsed with copious amounts of deionized water before each 
sample is filtered.  Unfiltered water samples are stored in brown bottles in the 
dark at 4ºC., and should be filtered within 24 hours. 

 
• Filter Extraction 
 
 Before analysis, the filter pad is thawed and then placed in a 30mL glass screw 

top test tube.   
 

Next, add 10mL of 90% aqueous acetone and allow sample to steep.  
 

The tube is then gently shaken and allowed to steep for 1 hour before gently 
shaken again.  The samples are allowed to extract for not more than 24 hours 
in the dark, in the freezer. 

  
Avoid any direct light throughout this analysis as it can increase the chlorophyll 
concentration!!! 

 
 
Instrumental Analysis 
 
• It is assumed that the user is basically familiar with the appearance and location 

of the various parts of the Turner 450 fluorometer.  
 
• The tubes are removed from the refrigerator, mixed and allowed to warm to 

room temperature under dark conditions.   
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• Calibration of the Fluorometer 

 
Primary chlorophyll standards are purchased from Turner Designs, 845 W. 
Maude Avenue, Sunnyvale, CA  94085, and are supplied in 20mL vials (Cat # 
10-850). 
 
Prepare dilutions of the extracts using 90% acetone to provide concentrations in 
the appropriate range of µg/L of chlorophyll a.  
    
Measure sample fluorescence at fluorometer sensitivity setting that provides a 
mid-scale reading.  
 
It is important not to leave test tube caps open for any length of time as acetone 
evaporates quickly and this will alter the chlorophyll a reading. 
 
Convert fluorescence readings into chlorophyll a concentrations by multiplying 
the reading on the fluorometer by the average calibration factor of the known 
standards. 

 
 
Calculations 
 
• Percent recovery for the spike is determined using the following formula: 
   
   %R = (A-B)/C*100 
 Where: 
   A = measured value in µg/L for the sample + spike 
   B = measured value in µg/L for the original sample 
   C = concentration of the spike in µg/L 
 
• Relative percent difference for the duplicate is calculated by the following 

formula: 
 
     RPD = (A-B)/((A+B)/2)*100 
 
 Where:  A = the value in µg/L for the first run of the sample 
               B = the value in µg/L for the second run of the sample. 
 
• Determine the chlorophyll a in the sample extracts with the following equation. 
 

μg chlorophyll a/L:      F  x  R x volume of extract (liters)  
volume filtered (liters) 

 
Where:    R = fluorometric reading 

 F = factor = C/Ra
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Ra = reading of C on fluorometer  
C = concentrations of chlorophyll a in μg/L as provided by  

Turner Designs analysis. 
 
 
Quality Control 
 
• A laboratory control sample (LCS) is run for every batch of samples.  The 

spiking solution is made by combining a few high concentration samples and 
mixing thoroughly.  This is then spiked to deionized water as the LCS to verify 
the concentration of the spike.  Typically, 100µL of the spiking solution is 
added to 5mL of either the 90% acetone for the LCS sample or 5mL of sample 
for the spiked sample. 

 
• One of the standards is run throughout the sample analysis as a quality control 

sample and is analyzed for every delivery group (or every 20 samples) and the 
value must be within 85-115% recovery to be considered acceptable. 

 
• A duplicate is analyzed for every delivery group (or every 20 samples).  The 

duplicate relative percent difference (RPD) must be below 25%. 
 
• A blank is analyzed every delivery group or every 20 samples and the value 

must fall below the PQL to be considered acceptable. 
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INTRODUCTION

These protocols describe procedures for laboratory analysis of algae samples collected by the U.S.
Geological Survey National Water-Quality Assessment Program (NAWQA) (http://water.usgs.gov/
nawqa/).  They are used by staff in the Phycology Section (PS) of the Patrick Center for
Environmental Research (PCER) at The Academy of Natural Sciences in Philadelphia (ANSP), and
subcontractors.  Nearly all procedures have been in use since 1998, and many since 1995 when ANSP
began analyzing NAWQA samples.  They cover all steps in analysis, from receipt and log-in of
samples at ANSP, to final transmission of data to NAWQA.

Algal samples are analyzed as part of a Cooperative Agreement between ANSP and the USGS.  The
overall objective of research performed under this agreement is to evaluate water quality using data
on algae samples collected from rivers throughout the U.S.  Roles of the ANSP include analysis of
samples, ecological synthesis of data at the national scale, and development of new approaches for
using algae as water quality indicators. This cooperative research effort is intended to benefit the
public through the availability of a national database of algal data, and the publication of USGS
reports and scientific journal articles.

These protocols apply to the analysis of the four kinds of algal samples collected by the NAWQA
program: three types of periphyton samples, two quantitative and one qualitative, and phytoplankton
samples (Porter et al. 1993; Moulton et al. 2002).  Each is a composite sample collected from a
defined sampling reach.  The two quantitative periphyton sample types are Richest Targeted Habitat
(RTH) and Depositional Targeted Habitat (DTH).  The RTH samples are collected from the most
common hard substrate, usually rocks or wood. The DTH samples are taken from sand/silt
depositional areas, usually pools or areas with slow current. Protocols for analysis of quantitative
samples are designed to provide data on algal densities (as cells per cm2 of sampling surface) and
amount of algal biovolume (µm3 per cm2 of sampling surface) at a sampling site.  Qualitative
Multihabitat (QMH) samples are a composite collection of algae from the majority of individual
micro-habitats in the sampling reach.

Individual protocols were written and reviewed by staff who perform the analyses and are in the
format specified by the PCER Quality Assurance Unit (QAU).  This format requires that each
protocol be understandable and usable by itself (independently), in conjunction with listed references. 
Many protocols pertain to samples analyzed for all Phycology Section projects; most precede
NAWQA.  Some apply specifically to NAWQA sample analysis and contain the phrase “USGS
NAWQA Program” in their title.  All protocols have been reviewed and approved by the ANSP
Quality Assurance Manager (QAM).

Data needs of the NAWQA program change as the program progresses, requiring modifications to
these procedures. All deviations in protocols are noted in field and/or laboratory notebooks at the time
of the deviation, or at the time deviations are realized.  If the deviation is such that the quality or
integrity of the study is affected, the Phycology Section Laboratory Manager is informed
immediately.  Minor modifications of project protocols are sometimes necessary.  Minor changes are
noted in the margin of a laboratory copy of each protocol, initialed and dated.  This may be done by
the Principal Investigator, the Phycology Section Laboratory Manager or the staff member
responsible for performing the procedures outlined in the protocol.  All such notes are also entered
into the master copy and a copy sent to the QAM.  Major modifications require a formal revision of
protocols.  Formal revisions are reviewed by the Phycology Section Leader and the Phycology
Section Project Manager and must be approved by the QAM.  This approval process ensures that
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work performed using these protocols is in compliance with the standards set by the Quality
Assurance Unit and thereby produce credible data.

The references in each protocol are often not cited in the text.  They are included to provide
additional resources for users to help them better understand the background of protocols and how to
implement them.

Computer Applications and Databases

Most protocols make use of specially designed computer applications, and nearly all protocols require
addition of data to one of the Phycology Section Microsoft Access databases. All databases are on an
Academy server and available to staff at their work stations via the Academy’s computer network. All
databases are backed-up daily by the Academy’s Information Technology staff.  The PHYCLGY
database is the primary system for entering, reviewing and retrieving data related to routine
laboratory operations. It is accessed primarily through its “Phycology Information Management
System (PIMS)” interface.  The NAWQAdat database contains data and working files that pertain
only to the NAWQA project.  NAWQAApp contains an application for downloading of sample
identification data (Analytical Service Request, ASR) from the NAWQA BioTDB database.  The
North American Diatom Ecological Database (NADED) is primarily an archival database for all
Phycology Section projects.  NADEDdat is where data identifying samples and sites, and all algal
count result and taxonomic data are stored.  NADEDapp contains many applications for entry,
management and analysis of data in NADED.  “Tabulator” is a stand-alone program used by algal
analysts to record data when making counts.  “BioTDB Export” is an application used by data
managers to prepare data to load into the USGS BioTDB database.  Its functions include the abilities
to aggregate data, ensure taxonomic consistency, and perform the “biovolume per area” calculations. 
All paper forms and other records are stored in a set of three folders that accompany each group of
samples: “Sample Tracking and Subsampling,” “Diatom Analysis,” and “Soft-Algae Analysis.”
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Protocol  P-13-47

Log-in Procedures for USGS NAWQA Program Algal Samples
Frank Acker, Candia Knowles and Kathleen Sprouffske

1. PURPOSE

1.1. The U.S. Geological Survey’s (USGS) National Water-Quality Assessment Program
(NAWQA) collects four kinds of algal samples that are analyzed by the Phycology Section
of the Patrick Center for Environmental Research (PCER) of the Academy of Natural
Sciences of Philadelphia (ANSP). These are the Qualitative Multihabitat (QMH), Richest
Targeted Habitat (RTH), Depositional Targeted Habitat (DTH) and phytoplankton (PP)
samples (Porter et al. 1993, Porter 1994). In addition, associated collection data (e.g., site
location, date, etc.) are provided for each set of samples.  This protocol describes
procedures to log-in samples when they are received by the PCER Phycology Section. 

2. SCOPE

2.1. These procedures are applicable to log-in of NAWQA algal collections and cover the steps
from the receipt of samples to the subsampling and initial sample preparation procedures.
Log-in procedures include creation of subprojects (defined in terms of study unit, year of
collection and type of sample), downloading sample and site-location data from the
NAWQA BioTDB to Phycology Section databases, assignment of samples to subprojects,
assignment of sample codes, sample check-in, and documentation of the log-in process. 
Sample check-in is the series of steps where the samples are physically checked against the
downloaded data, and all discrepancies are reconciled before preparing the sample for
analysis.

2.2. These procedures were first used to log-in samples from 1997-start study units. Log-in data
for 1991-start samples were entered by hand into database tables from paper copies or from
ASCII format files supplied on floppy disks. During log-in of 1994-start samples, log-in
data began to be downloaded via a NAWQA FTP site.

2.3. Personnel responsible for these procedures include the Phycology Section Project Manager
and laboratory preparation and data entry personnel. 

3. REFERENCES

3.1. Moulton, S.R., II, J.G. Kennen, R.M. Goldstein, J.A. Hambrook. 2002. Revised protocols
for sampling algal, invertebrate, and fish communities in the National Water-Quality
Assessment program, U.S. Geological Survey Open-File Report 02-150. In Press.

3.2. PCER, ANSP.  2002.  Tracking of Algal Sample Analysis.  Protocol No. P-13-58.

3.3. Porter, S.D. 1994.  Amendment to Guidance, Procedures, and Specifications for Processing
NAWQA Algal Samples by Contract Laboratories.

3.4. Porter, S.D., T.F. Cuffney, M.E. Gurtz, M.R. Meador.  1993. Methods for collecting algal
samples as part of the National Water-Quality Assessment program.  U.S. Geological
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Survey Open-File Report 93-409, Raleigh, NC [39 pp] http://water.usgs.gov/nawqa/
protocols/OFR-93-409/alg1.html

3.5. United States Geological Survey, National Water-Quality Assessment Program.  1997. 
Procedures for Processing NAWQA Algal Samples.  Draft Manuscript.  February 1997.

4. APPARATUS/EQUIPMENT

4.1. Desktop computer networked to the Phycology Section databases, and access to the USGS
Biological Transactional Database (BioTDB) and internet (including email) software and
connections.  This protocol requires the use of three Phycology Section Microsoft Access
databases, “PHYCLGY,” “NAWQAApp” and “NADED” (North American Diatom
Ecological Database). 

5. METHODS

5.1. Overview.  There are five main steps in the log-in procedure: creating a subproject to
define a group of samples, downloading sample data from the NAWQA BioTDB,
checking-in the sample bottles, assigning samples to a subproject, and preparing folders
and forms for tracking sample preparation and analysis. These procedures are performed by
the Phycology Section Project Manager or someone to whom they assign the responsibility.

5.2. Create a subproject to define a set of samples.  Create a subproject to which a set of
samples from a NAWQA study unit will be assigned.  Samples within a subproject are
analyzed together and many data operations are performed on all samples grouped in a
subproject.   

From within the PHYCLGY database, add data to the following fields in the “Subprojects”
table. 

5.2.1. Subproject ID.  For the NAWQA program, subprojects are defined as unique
combinations of study unit,  year of collection, and sometimes sample type
(phytoplankton samples are often kept separate from the periphyton samples). 
Subproject IDs are constructed as follows: “ANSPGS” + last two digits of year
samples were collected + two digits representing the chronological order in which the
study unit samples arrived + two letter code representing the type of sample (PR for
periphyton; PP for phytoplankton).  For example, all of the periphyton samples from
the Southern Florida Basins (SOFL) study unit that were collected in 1997 are
assigned to the same subproject; samples from SOFL, collected in 1998, are assigned
to a different subproject. 

5.2.2. Subproject Name.  Name includes four concatenated components: full name of
NAWQA study unit + ( 4 letter abbreviation of study unit name + year in which
samples were taken) + USGS NAWQA.  Example: “Delaware River Basin
(DELR2000) USGS NAWQA.”

5.2.3. Handle.  An eight character short name for subproject.  For NAWQA subprojects, it is
a concatenation of the official NAWQA four letter abbreviation of the study unit name
plus the year in which samples were taken (e.g., MOBL2001).
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5.2.4. Is Active.  Check this box. The box will be manually un-checked when all subproject
data have been transmitted to the NAWQA BioTDB.

5.2.5. Year Subproject Started.  For NAWQA, this is the year the first samples of the
subproject were received at ANSP.

5.2.6. Year First Sample.  For NAWQA, this is the year the samples were collected.

5.2.7. Beginning Sample ID and Ending Sample ID.  Not applicable to NAWQA.  Leave
field blank.

5.2.8. Project ID.  Find in the “Projects” table in the NADEDdat or PHYCLGY databases.

5.3. Download subproject sample and site information.  The USGS provides ANSP with
access to the Analytical Services Request (ASR) data in its BioTDB.  Follow the steps
below to download the relevant data into a transitional database table at ANSP and then
append them to several different tables, one subproject at a time. See Table 1 for details of
the data transfers from the BioTDB through the transitional database table into the NADED
database.

5.3.1. Use the NAWQAApp.mdb database to acquire data from the BioTDB database.  After
opening the NAWQAApp database, the first screen encountered is the “NAWQA
Project Database” (Figure 1).  Click the “NAWQA ASR Download” button to open
the “NAWQA ASR Data” form (Figure 2).

5.3.2. Click the Download button to download the latest ASR data for all subprojects from
the BioTDB.  Enter the Log-in ID and Password into the SQL Server Log-in message
box that pops up.  After a short wait, a message box appears with the following
notification: “You are about to download x new ASR Records from the BioTDB. 
Continue?”  Click Yes.

5.3.3. Move to Tab 2, entitled “Select Study Unit” and select a study unit, begin year, and
end year from the drop-down lists (Figure 3).  Click the “Go” button to create a list of
the samples that belong to the study unit and year identified as the selection criteria. 
Click the “Print Form” button to create and print a “NAWQA Algae Sample Check”
form (Figure 4) to use in the sample check-in process.

5.4. Check-in samples.  

5.4.1. Unpack the samples, inspect them, and check that the number of samples received
equals the number expected.  Perform these and following steps in a laboratory
because they require handling samples that may contain harmful chemicals.  Wearing
protective gloves, a lab coat and safety goggles is recommended.  Be very careful
when unpacking and handling samples, especially if any appear to be leaking. If
samples must be opened during this step, do so under a fume hood. Re-bottle any
damaged or leaking samples; note this action on the “NAWQA Algae Sample Check”
form. 

5.4.2. Compare the information printed on the “NAWQA Algae Sample Check” form with
that printed on the sample bottle labels and the packing sheets (Bottle Shipping List)
sent with the samples. Report, resolve and/or correct all discrepancies, errors and
omissions between these three data sources.  Note deviations in numbers on the
“NAWQA Algae Sample Check” form and bring them to the attention of the Project
Manager as they are encountered.  If there are errors that preclude sample preparation
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steps, the Project Manager or designee should contact the NAWQA study unit
biologist or person who shipped the samples immediately to resolve the issue before
proceeding to the next stage of sample preparation.  If the errors are not critical for
sample preparation (e.g., sample collection date) then sample preparation should
continue.  The Project Manager should take steps to resolve the discrepancies.

5.5. Assign samples to subproject and add sample data to NADEDdat.  Return to the
“NAWQA ASR Data” application.

5.5.1. Select Tab 3, entitled “Select Records to be Analyzed” and check the boxes of the
samples that were checked-in using the “NAWQA Algae Sample Check” form.

5.5.2. Move to Tab 4, entitled “Assign Project/Subproject” (Figure 5) and select a project
and subproject from the drop-down lists.  Click the “Assign” button to associate the
checked samples with the selected project and subproject.

5.5.3. Move to Tab 5, entitled “Append.”  Click the button “Append to NADED” to add the
sample data from the BioTDB to NADED. This action causes data to be added to the
appropriate NADED database tables (“Sample Identification,” Site Location,” and
“Sample Volumes/Areas”).  Table 1 shows all the data items that are transferred from
the BioTDB to the NADED database.

5.6. Enter log-in data, file forms and store samples.  

5.6.1. Enter data documenting the log-in process directly into the following PHYCLGY
database tables.

5.6.1.1.  Log-in Table.  Enter data into all fields.  They include information on log-in date,
source of samples, person performing log-in, etc.  For “Log-in ID,” assign the
next number in the sequence.

5.6.1.2. Sample Identification Table.  For each sample logged-in, add the Log-in ID
assigned above to the “Log-in ID” field.

5.6.2. Sign and date the “NAWQA Algae Sample Check” form.  Put it, along with packing
sheets (Bottle Shipping List) and any other related documentation (e.g., email
correspondence regarding discrepancies, shipping labels ), in the “Sample Tracking
and Subsampling” paper folder.  This folder, and the “Diatom Analysis” and “Soft-
Algae Analysis” folders are prepared by the Phycology Section Project Manager at
this point or prior to the log-in process (see Protocol P-13-58).

5.6.3. Once samples are logged-in and checked-in, they should be held until ready to
subsample, along with the folders, in the Diatom Preparation Laboratory or other
sample storage area in a container clearly labeled with the NAWQA study unit and
year.
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Table 1. Data provided in view “vw_algae_asr” from the USGS’s BioTDB.  This table also shows how the data map to the temporary
NAWQA table “NAWQA_Algae_ASR” and through to the appropriate NADED tables.

vw_algae_asr field Transformation NAWQA_Algae_AS
R

Transformation NADED Table NADED Field

ASR_ID ASR_ID
SampleID SampleID Sample Identification NAWQASampleID

"GSN" & intX &
SampleID, where
intX is the number
of zeros required to
make the length of
the total sample ID
= 8 

ANSP_SampleID Sample Identification Sample ID

Sample Volumes/Areas SampleID
ANSPSampleID autonumber, created when new records are inserted Sample Identification SampleAutoID
SMCOD SMCOD Sample Identification Client Sample ID
SUID SUID Site Location Geographical Study

Unit
STAID STAID Site Location Client Site Location ID

"GS" & STAID Site Location Site Location ID
"GS" & STAID Sample Identification Site Location ID

Reach Reach Sample Identification Reach
CollectionDate CollectionDate Sample Identification Collection Date/Date1

Year(CollectionDate) Sample Identification Year
SampleType SampleType IIf(InStr([SampleComp],"QMH-

micro"),10,IIf(InStr([SampleComp],"QMH-
macro"),16,IIf(InStr([SampleComp],"QMH-
moss"),17,IIf(InStr([SampleTYPE],"DTH"),11,IIf(InStr([Sampl
eTYPE],"RTH"),12,IIf(InStr([SampleTYPE],"phytoplankton"),
4))))))

Sample Identification SampleTypeID

If Site Location, Reach, and Collection Date are equal for more
than one sample, then if [Sample
Identification].[SampleTypeID] = 16, result_code = 4.  Or If
[Sample Identification].[SampleTypeID] = 10, then result_code
= 1.  Otherwise, If([SampleTypeID]=10,2,
IIf([SampleTypeID]=16,3,IIf([SampleTypeID]=4,3,
IIf([SampleTypeID]=17,11, IIf([SampleTypeID]=11,2,
IIf([SampleTypeID]=12,2,Null))))))

Sample Identification result_code

SampleComponent SampleComponent IIf(InStr([SampleType],"RTH"),"RTH",IIf(InStr([SampleType],
"DTH"),"DTH",IIf(InStr([SampleType],"phytoplankton"),"PP",
IIf(InStr([SampleType],"QMH"),IIf(InStr([SampleComponent],
"moss"),"QMH-moss","QMH-" &
LCase(Left([SampleComponent],5))),""))))

Sample Identification Sample Type

SampleAnalysisType SampleAnalysisType
CollectionMethod CollectionMethod
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Table 1 (cont’d).  Data provided in view “vw_algae_asr” from the USGS’s BioTDB.  This table also shows how the data map to the temporary
NAWQA table “NAWQA_Algae_ASR” and through to the appropriate NADED tables.

vw_algae_asr field Transformation NAWQA_Algae_ASR Transformation NADED Table NADED Field
SplitFlag SplitFlag
TotalArea TotalArea IIf(IsNumeric([TotalArea]),CDbl([TotalArea]),Null) Sample Volumes/Areas AreaSampled
TotalSampleVol TotalSampleVol IIf(IsNumeric([TotalSampleVol]),[TotalSampleVol],[FieldVol]) Sample Volumes/Areas SampleVolume(Client)
FieldVol FieldVol Sample Volumes/Areas ClientSubSampleVolume
PreservativeVol PreservativeVol Sample Volumes/Areas PreservativeVol
PreservativeType PreservativeType
AfterDecantVol AfterDecantVol Sample Volumes/Areas AfterDecantVol
TotalVolSent TotalVolSent
StationName StationName Site Location SiteName
LocationDesc LocationDesc Site Description Text Site Description Text
WaterBody WaterBody Site Location Water Body Name
StateFIPSCode StateFIPSCode [State/Province Abbrevs].[State/Province Code] where

StateFIPSCode = [State/Province Abbrevs].StateFIPS
Site Location State/Province Code

CountyFIPSCode CountyFIPSCode [County/Parish].[County/Parish Code] where CountyFIPSCode =
[County/Parish].[CountyFIPSCode]

Site Location County/Parish Code

StationLatitude StationLatitude Site Location Latitude
Function DMStoDecimal is called Site Location LatDecimal

StationLongitude StationLongitude Site Location Longitude
Function DMStoDecimal is called Site Location LongDecimal

StationElevation StationElevation Site Location Elevation - in Feet
InsertDate InsertDate
InsertUserID InsertUserID
UpdateDate UpdateDate
UpdateUserID UpdateUserID

assigned manually
during append

ANSP_ProjectID Sample Identification Project ID

assigned manually
during append

ANSP_SubprojectID Sample Identification Subproject ID

ANSP_DownloadDate
ANSP_LastEditDate
ANSP_IsForLabAnalysi
s
ANSP_DateAppendedT
oNADED
ANSP_ASRDownloadI
D

1 Site Location WaterbodyTypeCode
97 Site Location Country Code
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Figure 1.  NAWQA Project Database screen.

Figure 2.  NAWQA ASR Data form.
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Figure 3.  NAWQA ASR Data Form–select study unit screen.
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Figure 4.  NAWQA Algae Sample Check form.
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Figure 5.  NAWQA ASR Data Form–Assign Project/Subproject screen.
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Protocol P-13-58

Tracking of Algal Sample Analysis 
Frank Acker, Candia Knowles and Mark Schadler

1. PURPOSE

1.1. There are numerous stages in the analysis of samples and reporting of data in the PCER
Phycology Section.  For example, see Figure 1 “Sample Analysis and Data Flow,”
depicting stages in analysis of U.S. Geological Survey’s (USGS) National Water-Quality
Assessment Program (NAWQA) samples.  It is often important to know, for a given set
of samples, which stages have been completed—What is the status of samples in the
overall sample analysis process?  This information is necessary to estimate  realistic
delivery dates, have sample data complete by these dates, revise scheduling if necessary,
and/or gather requested information at any given time.  This protocol describes the
systems in place to check the status of sample analysis from receipt of the samples at
ANSP to data review.

2. SCOPE

2.1. This protocol is applicable to instances when it is necessary to determine the status of
sample analysis.

2.2. This protocol is for any staff member of the Phycology Section who may need to know
the status of a particular sample.

3. REFERENCE

3.1. PCER, ANSP.  2002. Preparation of Algal Data Files and Reports for Submission to the
USGS NAWQA Program.  Protocol No. P-13-53.

4. APPARATUS/EQUIPMENT

4.1. Personal computer connected to the ANSP network server, and access to the Phycology
Section databases.

5. METHODS

5.1. Data documenting completion of sample analysis steps are recorded in two places.  One,
in Phycology Section databases at the time data are entered.  Two, on paper forms in a set
of three folders that are prepared at the time samples are logged-in and which are
circulated with the samples: “Sample Tracking and Subsampling” folder, “Diatom
Analysis” folder and “Soft-Algae Analysis” folder.  The “Tracking Folders Checklist”
(Table 1) lists the forms and other materials that each of the three folders might include. 
The Phycology Section Project Manager or project leader specifies on the checklist
which forms are to be completed.
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There are two methods to check the status of sample analysis.  Each accesses information
in one of the two places data are stored.  Both are designed to obtain information on all
the samples in a subproject.  One method is to run a Microsoft Access query in the
PHYCLGY database which returns values for key fields in various tables that store data
on the sample analysis process. The other method is to check the respective “Tracking
Folders Checklist” included in each of the three folders described above.  The computer
query method is faster and easier, but information retrieved may be incomplete because
some information on forms may not yet have been entered into the database.  The method
of examining tracking folders may be slower, but information found will be up to date. 

5.1.1. Run computer query.  Run the Microsoft Access query “Data Entry Check 0: Sample
Tracking” in the PHYCLGY database. This query reports values in key fields of tables
that contain data on specific stages in the sample preparation and analysis process
(e.g., see Figure 1). The fields included in the query will change as tracking
procedures evolve.  They are currently as follows:

Field Name Typical Value Meaning

“Logged In” -1 Samples were logged-in/checked in,
assigned to a subproject, and (should be)
scheduled for analysis.

“Sample Volumes” (Sample ID) The ANS Sample Volume (a critical value
for biovolume calculation) was entered.

“Sub-Sampled” PRx or DTx Subsamples were made.

“Diatom Slides” h, l, a or b Diatom slides were prepared.

“PM Fractions” a or q Palmer-Maloney (soft algae) fractions were
prepared

“Diatom Counts” (1) Diatom analysis data have been entered.

“Non-Diatom Count” (1) Soft-algae analysis data have been entered.

Fields with null or “0” values indicate that a step has not been fully completed, or that it
was completed, but data resulting from the step have not yet been entered. This query
should be run weekly by the Phycology Project Manager to track sample progress and
update scheduling.

5.1.2 Examine tracking folders.  Locate the “Sample Tracking and Subsampling,”
“Diatom Analysis,” and “Soft-Algae Analysis” folders. Look at forms required by the
Tracking Folders Checklists to see what steps are completed.  When all analyses are
complete, all relevant forms should be initialed, and dated.
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Table 1. Tracking Folders Checklist. “*” denotes forms or printouts that may not be needed if
Tabulator or other applications are used.

Sample Tracking and Subsampling Folder

Bottle Shipping List from NAWQA SU Biologist or other transmittal forms

“NAWQA Algae Sample Check” form

“Non-Conformance” form and/or E-mails documenting any discrepancies and resolutions
with data or samples (not including QA/QC issues)

“NAWQA Sample volume/Subsample” form

“NAWQA DTH Subsampling Data Sheet”

“Data Entry Check: ANS Sample Volume” query printout

“Data Entry Check: Field Volumes/Areas” query printout

“Data Entry Check: Subsample Information” query printout

Diatom Analysis Folder

“Diatom Slide Preparation” form

“Diatom Lab – Slide Preparation Notes”

“Diatom Slide Analysis” form

Diatom Count Sheets (“Diatom Count Reports” from Tabulator)

“Diatom Count Benchsheet” *

“Algal Biovolume Measurements” *

“Data Entry Check: Diatom Slide Information” query printout

“Data Entry Check: Diatom Count Info”*  query printout

“Data Entry Check: Diatom Count”* query printout

“Data Entry Check: Diatom Count Qualitative”* query printout

“QA/QC Count” forms and written report

Soft Algae Analyses Folder

“Periphyton analysis” form

“NAWQA Periphyton Sample Dilution/Concentration” forms

“Algal Biovolume Measurements”

“Data Entry Check: Palmer-Maloney Fractions” query printout

“Data Entry Check: Non Diatom Count Information” query printout

“Data Entry Check: Non Diatom Count” query printout

“Data Entry Check: Non Diatom Count Qualitative” query printout

“Periphyton Community Composition Bench Sheets” for RTH, DTH & QMH.

“QA/QC Count” forms and written report
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Figure 1.  Sample process and analytical flow.
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Protocol P-13-48

Subsampling Procedures for USGS NAWQA Program Periphyton Samples
Frank Acker, Benjamin Russell, and Erin Hagan

1. PURPOSE

1.1. The Phycology Section of the ANSP Patrick Center for Environmental Research (PCER)
analyzes three types of periphyton samples collected by the U.S. Geological Survey’s
(USGS) National Water-Quality Assessment Program (NAWQA):  Richest Targeted
Habitat (RTH), Depositional Targeted Habitat (DTH) and Qualitative Multihabitat (QMH). 
This purpose of this protocol is to describe procedures for subsampling each of these
samples in preparation for analysis of both diatoms and soft algae.  Measurements of
original volumes and subsample volumes of RTH and DTH samples must be precise and
accurate because they will be used to calculate concentrations of algae on sampled
substrates.  Because of the multiple growth habits of algae (e.g., filamentous, single cell),
QMH periphyton must be subsampled carefully to ensure that all algal forms are
represented in the subsamples to be analyzed.  The procedure outlined here, facilitated by
database-generated forms, allows for efficient and accurate subsampling of USGS
NAWQA periphyton samples.

2. SCOPE

2.1. While this subsampling procedure is applicable mainly to NAWQA periphyton samples, it
can be followed for all algal samples where precise volumetric or qualitative subsampling
is involved.

2.2. This procedure applies to personnel responsible for preparing subsamples of algal samples
prior to taxonomic analyses.

2.3. Procedures involving quantitative samples pertain to both the RTH and DTH samples.

2.4. There is a special procedure involving the subsampling of samples with large amounts of
sand, silt or other heavy material that can interfere with algal analysis.  In this procedure,
the liquid portion is subsampled by volume and the heavier material that is difficult to
suspend is separated by mass.

      

3. REFERENCES

3.1. Moulton, S.R., II, J.G. Kennen, R.M. Goldstein, J.A. Hambrook. 2002. Revised protocols
for sampling algal, invertebrate, and fish communities in the National Water-Quality
Assessment program, U.S. Geological Survey Open-File Report 02-150. In Press.

3.2. Porter, S.D., T.F. Cuffney, M.E. Gurtz, M.R. Meador.  1993. Methods for collecting algal
samples as part of the National Water-Quality Assessment program.  U.S. Geological
Survey Open-File Report 93-409, Raleigh, NC [39 pp] http://water.usgs.gov/nawqa/
protocols/OFR-93-409/alg1.html
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3.3. United States Geological Survey, National Water-Quality Assessment Program.  1997. 
Procedures for Processing NAWQA Algal Samples.  Draft Manuscript.  February 1997. 

4. DEFINITIONS

4.1. Quantitative samples refer to those collected using the RTH and DTH sampling protocols. 
There is one component, microalgae, for each sample.  RTH samples are designated by the
letters “ARE” embedded in the middle of the NAWQA sample code; DTH sample codes
have “ADE” near the middle.

4.2. Qualitative samples refer to those collected using the QMH sampling protocol.  There are
two components, micro- and macroalgae, for each sample.  NAWQA sample codes have
“QMH” near the middle, and typically have an “A” at the end for the macroalgae
component and a “B” at the end for the microalgae component.

5. APPARATUS/EQUIPMENT

5.1. Distilled (DW) or reverse osmosis (RO) water.

5.2. Dispenser bottle for DW or RO water.

5.3. Beakers (100-ml beakers [1/sample], 250 ml).

5.4. Beaker holding box (24 slots).

5.5. Graduated cylinders (10 ml, 25 ml, 100 ml, 250 ml, 500 ml and 1 L).

5.6. 20-ml vials (1/sample).

5.7. Diamond scriber.

5.8. Protective clothing (gloves, lab coat or apron, eye protection).

5.9. Positive-draw fume hood.

5.10. Screen cloth (210-µm mesh).

5.11. Screening apparatus.

5.12. Large plastic disposable weighing boats.

5.13. Analytical balance, capacity to 500 g, 0.1 g accuracy.

5.14. Spatulas.

5.15. Plastic disposable pipettes.

5.16. Desktop computer networked to Phycology Section databases.

6. SAFETY PRECAUTIONS

6.1. Because samples are preserved in formalin (2-10%), subsamples should be made in a
positive-draw fume hood to reduce exposure.  Wear gloves and eye protection.

6.2. The concentration of formalin in samples varies; therefore be cautious and anticipate that
some samples may have much higher concentrations than others.
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7. METHODS

7.1. Print a “NAWQA Sample Volume/Subsample Form” (Figure 1) for each set of samples. 
This form is generated using the report “rpt_Sample_Subsample_Volume” in the
PHYCLGY database.  The printed form will contain sample IDs for the set of samples
selected when printing the form.  Compare data on sample bottle labels with those on the
form to ensure that all samples in the set are present.  The type of sample (e.g., RTH, DTH,
QMH) is embedded in the NAWQA sample code (Client Sample ID) (see Definitions 4.1
and 4.2); consult these to determine the type of subsampling for each.  Also, to facilitate the
start of the diatom subsample processing, print a “Diatom Slide Preparation Form” (Figure
2) for the set of samples.  This form is generated using the report “Diatom Prep Form
(NAWQA)” in the PHYCLGY database.

7.2. Prepare containers for both the soft algae subsample (PRx) and diatom subsample (DTx)
before beginning the procedure; x = 1, 2, 3, etc.  Designate the first set of subsamples as
PR1 and DT1.   If more than one subsample is taken, designate them PR2, PR3, etc. and
DT2, DT3, etc. For each PRx sample, etch the sample and subsample IDs onto the 20-ml
glass vials with a diamond scribe (e.g., GS029131 PR1), and mark them on the
corresponding plastic caps with a permanent marker.  Prepare clean, tall 100-ml beakers
marked with numeric IDs for DTx subsamples.

7.3. Pour the entire contents of each quantitative sample (RTH and DTH) into a graduated
cylinder of appropriate size and measure the total volume of the sample.  Record the
volume in the “ANSP Sample Volume” column of the “NAWQA
SampleVolume/Subsample Form.”  Return the sample to the original container, avoiding
any loss of sample (it may be necessary to “wash” the graduated cylinder with the liquid
portion of the sample).  It is not necessary to measure the volume of qualitative (QMH)
samples.

7.4. Prepare soft algae (PRx) and diatom (DTx) subsamples:

7.4.1. All subsampling procedures should be performed in a positive-draw fume hood
to avoid exposure to formalin.

7.4.2. For quantitative samples (RTH and DTH) with large amounts of sand and silt that will
not remain in suspension, accurate volumetric subsampling is precluded and special
procedures must be followed.  Skip to section 7.5 for these procedures.

7.4.3. For each quantitative sample (RTH and DTH), determine an appropriate amount of
subsample.  In general, 20 ml is subsampled for soft algae and 20 to 100 ml is
subsampled for diatoms.  The more visible the algae and organic material, the less
subsample is needed.  If the total amount of the original sample is less than 50 ml, use
about one-third for soft algae and one-half for diatoms.  If there are visible growth
forms (e.g., colonial spheres or filaments), macerate the soft algae sample (micro-
blender, tissue grinder, etc.).

7.4.4. For each quantitative periphyton sample, suspend the algal material by shaking or
swirling, and carefully pour the amount of PRx subsample determined in section 7.4.3
into a graduated cylinder.  Transfer the subsample to its corresponding etched 20-ml
bottle.  Repeat the measurement procedure for the DTx subsample, and transfer the
material to a prepared 100-ml beaker.  Record the volume of each subsample on the
“NAWQA Sample Volume/Subsample Form” (Figure 1).  In addition, record the
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beaker ID for the diatom subsample on the “Diatom Slide Preparation Form” (Figure
2).  Proceed to section 7.6.

7.4.5. For each component of the qualitative samples, create a subsample for soft algae using
procedures in sections 7.4.3 and 7.4.4, without the maceration step.  If there are
visible macro forms, selectively add a portion of these to the subsample(s).  Prepare a
diatom subsample for only one component; use the microalgae component if both
components are available.  Subsample the diatom subsample as in sections 7.4.3 and
7.4.4.  Skip to section 7.6.  

7.5. Subsample quantitative samples with heavy sediment.

7.5.1. Some samples contain substantial amounts of heavy particles that cannot be kept in
suspension long enough for accurate quantitative volumetric subsampling.  In such
cases, the sand-size (>210 Fm) and larger particles of sediment must be separated
from the liquid fraction of the sample, and sediment and liquid fractions are
subsampled individually.  After both liquid fraction and sand fraction subsamples are
taken, they are combined into a final subsample.  Record all calculations on the
“NAWQA DTH Subsampling Data Sheet” (Figure 3).

7.5.2. Preparation of screening apparatus:  Place a clean weighing boat on the analytical
balance.  Set up the screening device with a clean piece of screen and set it on the
weighing boat.  Record the mass of the apparatus plus boat on the data sheet (Figure
3), and re-zero the balance.  Remove screening apparatus and place on top of a large
glass beaker.

7.5.3. Suspend sand and sediment by vigorously agitating the sample: Immediately pour
this material through the screening device into the beaker.  If the screening device
becomes clogged, use a plastic spatula to keep the sediments suspended until all the
liquid passes through the screen.  Use liquid from the beaker to rinse sediment
remaining in the sample bottle through the screen.  The material left on the screen is
the “sand fraction;” the liquid retained in the beaker is the “liquid fraction.”

7.5.4. Determination of fraction amounts:  Place the screening apparatus with sand
fraction onto the weighing boat on the balance.  Record the mass of the sand fraction
and remove the boat and screening bottle from the balance.  Measure the volume of
the liquid fraction in an appropriate graduated cylinder and record.  Return the liquid
fraction to the sample bottle. 

7.5.5. Determination of subsample proportions:  Shake the sample bottle containing the
liquid fraction and use a plastic disposable pipette to measure out a liquid sample (see
section 7.4.3) into a 10-ml graduated cylinder (typically, about 5 ml).  Record the
liquid fraction subsample volume.  Place the graduated cylinder on the balance and re-
zero.  Calculate the proportion of the whole liquid fraction represented by the
subsample volume (subsample volume divided by liquid fraction volume) and record. 
Calculate the mass of the sand fraction subsample to be taken (the above proportion
multiplied by the total sand fraction mass) and record.

7.5.6. Completing the subsample:  Using the plastic spatula, add the appropriate mass of
sand fraction to the tared graduated cylinder on the balance.  Once the calculated
portion of sand is added, wash any sand from the edges by inverting the cylinder while
capping it with your thumb.  Measure and record the total subsample volume. 
Transfer the completed subsample to the appropriate container (a tall 100-ml beaker
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for diatom subsamples or an etched 20-ml vial for soft algae subsamples).  Sand
remaining can be rinsed into the subsample container with DW or RO.  For soft algae
subsamples, fill the vial with DO or RO water to 20 ml; calculate and record the
dilution/concentration factor (DCF).  For diatom subsamples, calculate and record the
DCF, fill beaker with DW or RO water, set aside for digestion and record the beaker
number on the “Diatom Slide Preparation Form” (Figure 2).

7.5.7. Cleanup:  When finished with subsampling, carefully return the sand fraction to the
sample bottle.  Record the total volume of sample removed.  Remove the screen from
the screening apparatus and place in soapy water to soak.  Clean all glassware and the
screening apparatus with hot, soapy water and rinse with DW or RO water.  

7.6. Complete filling-out the “NAWQA Sample Volume/Subsample Form” (Figure 1) and add
it to the subproject “Sample Tracking and Subsampling” folder (See ANSP Protocol P-13-
58).  Enter subsample data in PHYCLGY database tables, as described below.

7.6.1. Enter data for the following fields into the “Sample Volumes/Areas” table.  This table
will already contain a record for each sample with the sample identification fields
filled out.  This information was added to the table during the log-in process (see
Protocol P-13-47).

7.6.1.1. ANS vol (ml) – the amount of sample (in ml) received at ANSP (column labeled
“ANSP Sample Volume” on paper form.

7.6.1.2. Date ANS Samp Vol Measured.

7.6.1.3. ANS Samp Vol Measured By – Worker ID number (from “Worker Name” table)
of the person who measured the sample volume.

7.6.2. Table “Subsample Information.”  Enter data for diatom and soft-algae subsamples,
each as a separate records.

7.6.2.1. SampleID – the  ANSP sample code (e.g., GS029131).

7.6.2.2. SubSampleID – distinguishes between diatom (DTx) and soft algae (PRx)
subsamples.

7.6.2.3. Dilution/Concentration Factor – the number needed to multiply the subsample
volume by to get 20 ml (record as 1 if no dilution or concentration or if
qualitative subsample).

7.6.2.4. WorkerID – Worker ID number of the person who did the subsampling; located
in the Worker Name table of the NADED database.

7.6.2.5. Date Subsampled.

8. QUALITY ASSURANCE/QUALITY CONTROL

8.1. These procedures were developed by the ANSP as suggested in the USGS NAWQA
Program protocols and contract documents.  The specific procedures (including type of
glassware, amounts of subsamples, etc.) evolved over a 5-year period.  The procedures for
samples with large amounts of sand or heavy sediment were developed by the USGS,
adapted by the ANSP with little modification, and have been used since 1997.
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8.2. Because algae are microscopic, the possibility of contamination of samples is great. 
Laboratory rooms where raw samples are subsampled should be kept as clean as possible. 
Lab bench surfaces should be kept clean and free of debris.

8.3. Quantitative samples need to be mixed well during subsampling (possibly blended), to
avoid clumps caused by natural growth forms (colonies, filaments, etc.).

8.4. The appropriate size of graduated cylinder for measuring samples and subsamples is
critical.  The sample should be at least one-third the capacity of graduated cylinder and the
units of the graduated cylinder should allow estimation to the nearest milliliter (finer for the
small graduated cylinders used to measure a portion of a subsample).
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NAWQA Sample Volume/Subsampling Form: ANSPGS9901SB

Subproject ID: ANSPGS9912PR

ANSP Date Volume Volume Sub-

Subsample Sample Measured Measured Subsampled Subsampled Date sampled

Sample ID Client Sample ID ID Volume (ml) (ANSP) By Periphyton (ml) Diatoms (ml) Sampled By

GS021783 OZRK0997ARE0001B

GS021785 OZRK0997AQE0001A

GS021787 OZRK0997AQE0001B

GS021793 OZRK0997ARE0002B

GS021795 OZRK0997AQE0001A

GS021797 OZRK0997AQE0002B

Data Entered By: ____________________________________   ___/___/___                       Confirmed By:  ____________________________________   ___/___/___

Figure 1.  NAWQA Sample Volume/Subsampling Form.
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Figure 2.  Diatom Slide Preparation Form - NAWQA.
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ANSP-___-___-____-DS

NAWQA  DTH  Subsampling Data Sheet

SampleID:____________ SubsampleIDs:____________ Date:___/___/___

NAWQA ID:_____________________________________ Init:_______

1.  Mass of weighing boat + screening apparatus: _________g

2.  Sand fraction mass: _________g

3.  Liquid fraction volume: ________ml

4.  Liquid fraction subsample volume: ________ml

5.  Proportion of liquid fraction represented by subsample: ________

(#4 divided by #3)

6.  Mass of sand fraction to be taken: _________g

(#5 multiplied by #2)

7.  Total subsample volume: _________ml Subsample ID: DT1

Beaker #:________

8.  Diatom subsample DCF: 

New subsample volume (20 ml) / Total subs. volume (#7)= ________

9.  New sand fraction mass: _________g

10.  New liquid fraction volume: _________ml 

11.  Liquid fraction subsample volume: ________ml

12.  Proportion of liquid fraction represented by subsample: ________

(#11 divided by #10)

13.  Mass of sand fraction to be taken: _________g

(#12 multiplied by #9)

14.  Total subsample volume: _________ml Subsample ID: PR1

15.  Periphyton subsample DCF: 

New subsample volume (20ml) / Total subs. volume (#13)= ________

Total volume removed from sample: ________ml

Figure 3.  NAWQA DTH Subsampling Data Sheet.
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Protocol P-13-42

Diatom Cleaning by Nitric Acid Digestion with a Microwave Apparatus
Frank Acker, Benjamin Russell and Erin Hagan

1.  PURPOSE

1.1. To identify and enumerate diatoms accurately at the species and variety levels, it is
necessary to  remove both extracellular and intracellular organic matter from the siliceous
frustules of diatoms and other material in the sample.  Removing the organic matter is
necessary so that all details of diatom structures necessary for taxonomic identification are
clearly visible.  This protocol describes a method for removing organic material from a
sample by digesting it with nitric acid in a microwave apparatus.

1.2. Traditional nitric acid digestion methods utilize a hotplate to heat samples and acid in open
beakers.  The procedure described herein takes advantage of a microwave apparatus to heat
the acid/sample mixture in closed containers.  This procedure produces a cleaner sample
(more complete digestion) with less contamination, and is safer and more convenient (much
less use of acid) (Acker et al. 1993).

2.  SCOPE

2.1. This procedure is applicable for cleaning diatoms from a wide variety of samples including,
but not limited to, periphyton samples from diatometer slides or other artificial substrates,
collections from natural substrates, surface sediment or sediment core samples, and net or
whole water collections of phytoplankton.  Material to be cleaned may be in a moist, dry or
preserved state.  If material to be processed contains preservatives or other chemical
substances, refer to the cautionary notes in sections 5 and 7.14.

2.2. This procedure applies to personnel responsible for preparing diatom slides for taxonomic
or community analysis purposes.

2.3. This procedure applies to the use of Advanced Composite Vessels (CEM Corporation). 

2.4. The procedure for diatom sample digestion using nitric acid and a microwave apparatus has
been employed by the ANSP since 1992.  In 1998, Lined Digestion Vessels were replaced
by Advanced Composite Vessels because of their durability.  The procedures described
above evolved from nitric acid/hotplate digestions performed at the ANSP for over 40
years.  The acid/hotplate procedures are described in ANSP Protocol No. P-13-02 and may
be used occasionally for single samples.

2.5. If samples are essentially free from organic detritus, and critical taxonomic work is not
required (e.g., multiple phytoplankton samples where the taxonomy is well known), this
nitric acid digestion method may not be necessary.  A hydrogen peroxide method (not
described here) or burn mount procedure may be considered in these cases.  However, for
the majority of applications, the nitric acid digestion method is recommended.
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4.  DEFINITIONS

4.1. Digestion in this procedure refers to the solubilization of organic material by strong acid
oxidation.

4.2. Diatom cells, called frustules, are composed of two valves.  They have a siliceous
structure, the features of which are used for taxonomic identification.

5.  APPARATUS/EQUIPMENT

5.1.  Positive-draw fume hood.

5.2.  Safety glasses.

5.3.  Acid-impervious hand protection.

5.4.  Laboratory coat or apron, acid resistant.

5.5.  Microwave apparatus (CEM Model MDS-2100):

5.5.1. 0-950 watts (1% intervals).
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5.5.2. Controlled and monitored temperature (fiber optics) and pressure.

5.5.3. Programmability for different cycles of temperature, pressure, and time at various
temperature and  pressure combinations.

5.5.4. Rotating turntable.

5.6. Closed microwave digestion vessel [see Figure 1 “Standard Advanced Composite Vessel
(Cross Section)”]:

5.6.1. Vessel liner (Teflon PFA®).

5.6.2. Vessel liner cover (Teflon PFA®).

5.6.3. Vessel cap (reinforced polyetherimide, microwave “invisible”).

5.6.4. Thread ring (reinforced polyetherimide, microwave “invisible”).

5.6.5. Sleeve (advanced composite material, microwave “invisible”).

5.6.6. Rupture membrane (Teflon PFA®).

5.6.7. Vent tube (Teflon®).

5.6.8. Vent fitting (Teflon PFA®).

5.6.9. Ferrule nut (Teflon PFA®).

5.7. Digestion vessel for temperature and pressure control and monitoring; see Figure 2
“Advanced Composite Vessel for Pressure and Temperature Control.” Vessel liner, vessel
cap, thread ring, sleeve, rupture membrane, vent fitting and ferrule nuts as in sections 5.6.1,
5.6.3, 5.6.4, 5.6.5, 5.6.6, 5.6.7 and 5.6.8, respectively.

5.7.1. Vessel liner cover (Teflon PFA®) with exhaust, temperature and pressure ports.

5.7.2. Thermowell (Pyrex with Teflon coating).

5.8. Reagent grade nitric acid (~70%).

5.9. Potassium dichromate (crystal form).

5.10. 100-ml tall glass beakers.

5.11. Reverse osmosis water (RO) or distilled water (DW).

5.12. Faucet siphon apparatus.

5.13. 20-ml glass vials; caps with coned liners.

5.14. Vial labels.

5.15. Diamond scribe.

5.16. Wash bottle for RO or DW.

5.17. Single-edged razor blades.

5.18.  pH indicator paper.
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6.  SAFETY PRECAUTIONS

6.1. Nitric acid is an extremely hazardous reagent.  As a strong acid oxidizer it can cause severe
burning of exposed skin and clothing.  At room temperature, concentrated nitric acid
produces intense fumes when exposed to open air.

6.2. Any concentrated nitric acid containers open to the air must be contained within a
positive-draw fume hood at all times.  There are no exceptions to this rule.

6.3. Personnel are required to wear safety glasses, protective gloves and lab coats at all times
when handling concentrated nitric acid.  This is especially important when
handling/venting the digestion vessels.

6.4. When samples are delivered to the Diatom Preparation Laboratory, personnel who will
work with the samples must be informed if any preservatives have been used in the samples
(e.g., formaldehyde, Lugol’s solution, glutaraldehyde, etc.).  This information should be on
the shipping forms included with the samples or affixed to the shipping container. Consult
the Material Safety Data Sheets (MSDS) located on the 2nd floor of ANSP near the Diatom
Preparation Laboratory for information on any of the above preservatives and how to
handle them properly.  Unexpected, violent and/or noxious reactions can occur during the
cleaning procedure if nitric acid is mixed with other chemical substances.  Samples are to
be rejected by laboratory personnel if their collection history and content are not fully
known. 

6.5. Never use an Advanced Composite Vessel without a composite sleeve.

6.6. Never install more than one rupture membrane in the vessel cover.

6.7. Prior to use, all vessel components must be dry and free of particulate matter.  Drops of
liquid or particles will absorb microwave energy, causing localized heating which may char
and damage vessel components, possibly leading to vessel failure.

7.  METHODS

Algal material that requires processing for diatom analysis comes to the preparation lab in several
forms, depending on the collection protocol.  Diatom collections may come from glass
periphytometer slides, tile or other artificial substrates, phytoplankton suspensions, culture
material, dried herbarium material and lake sediments.  To produce a diatom slide, regardless of
the kind of collection, the lab technician must remove all organic materials from the sample so
that diatom frustules can be identified.  This may require a preliminary examination of the raw
sample with a microscope to determine the proper amount to digest.  Proper cell densities for
diatom slide analysis are described in Protocol No. P-13-39.  Procedures for other sample types
are discussed below, including samples with preservatives (sections 5 and 7.14), and samples
with carbonates (section 7.14).  This procedure should be started only after all samples are logged
in (refer to Protocol No. P-13-47).

Record sample digestion data (Beaker #, Microwave Vessel #, notes) on the appropriate “Diatom
Slide Preparation Form” (see, for example, Figure 2 in ANSP  Protocol No. P-13-48).  For most
types of samples this form will have been generated during the process of preparing subsamples,
and placed in the “Diatom Analysis” folder.  Sample digestion  data are not added to a computer
database.  If a “Diatom Slide Preparation Form” has not been generated, it can be printed using a
report in the PHYCLGY database.  There are different reports for different types of samples and
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projects (e.g., diatometer, survey, NAWQA, sediment), all of which contain “Diatom Prep Form”
as the first part of their name.  Confirm that all samples to be processed are recorded on the form
before proceeding.

7.1. Glass slides with attached periphyton (e.g., diatometer slides).  Based on the thickness
of attached growth, choose one or more slides from the same sampling station or site for the
cleaning process (set aside those not used in the cleaning process for eventual curation as
“uncleaned material”).  Place the chosen slides from individual sites in a single, numbered
100-ml beaker. Record the number of slides to be processed and the respective beaker
number on the “Diatom Slide Preparation Form”.  Fill each beaker with distilled water so as
to completely immerse the slides, and allow the slides to soak for a minimum of 12 hours. 
After the soaking period, use a disposable single-edged razor blade to scrape algae from the
slides (including the slide edges) into the beaker.  Then dip the slides and razor blade in the
water-filled beaker to transfer remaining scraped material from the slides.  Using a wash
bottle filled with distilled water, carefully rinse any material still adhering to the slides or
the razor blade back into the beaker.  At this point, cross check the etched label of the slide
with the information on the “Diatom Slide Preparation Form” to ensure that the slides have
been transferred from the proper field sites and that the date of installation is correct.  If at
this stage there are any discrepancies, they should be noted on the “Diatom Slide
Preparation Form” and resolved.  Record the number of sides scraped for each sample.

Allow the material in the beakers to settle for a period of at least 8 hours without being
disturbed.  Then siphon off the supernatant liquid without disturbing any of the material
that has settled to the bottom.  In the siphoning process, the tip of the siphon should be
placed just beneath the water’s meniscus, and moved slowly down as the water level drops,
to prevent loss of material through water column turbulence and contamination of the
siphon tip.  As much water as possible should be removed without disturbing the
sedimented material.  Proceed to section 7.5.

7.2. Water suspended samples  (e.g., phytoplankton samples, culture material).  If
necessary,  concentrate samples by siphoning water off undisturbed samples as described in
section 7.1 until the sample contains approximately 20 ml of water and associated material. 
If a quantitative analysis is required, the original volume of the sample must be recorded.  If
the sample is too large or too dense to clean in its entirety, a subsample should be taken and
processed.  Volumes of the subsample and the original sample must be recorded on a
“Sample Volume/Subsample” form (e.g., See Protocol P-13-48).  Then transfer the sample
to 100-ml beakers as in section 7.1.  Proceed to section 7.5.

7.3. Sediments (e.g., bottom substrate samples or sediment core samples).  Transfer
approximately 0.5 to 1.0 cc of either moist or dry sediment to a 100-ml beaker.  If dry, a
small amount of water may be added to the sample (approximately 10 ml) to hasten
disaggregation.  If the sample is to be analyzed quantitatively, record the wet weight,
volume, or dry weight of the sample to be processed, according to the specifications of the
study protocol.  Unless otherwise specified, use procedures and forms in Protocol No. P-
13-43.  Proceed to section 7.5.

7.4. Other.  Samples from other sources (e.g., natural rock substrates; soft sediments from
rivers) may also be digested using this procedure.   As in the above cases, it is important to
begin with a concentrated sample to which nitric acid can be added safely in order to
process a large enough sample to yield a sufficient concentration of cleaned diatoms for the
required analyses.  Care should always be taken to ensure that violent reactions will not
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take place upon the addition of acid.  For quantitative analyses, the weight, area or volume
of the original sample should be noted as required by the protocol.  

7.5. Addition of nitric acid.   WARNING.  THE FOLLOWING PROCEDURE IS TO BE
PERFORMED ONLY IN  A POSITIVE-DRAW FUME HOOD.  TECHNICIANS
ARE REQUIRED TO  WEAR SAFETY GLASSES AND PROTECTIVE GLOVES!

Assemble part of the digestion vessel before adding acid (sections 7.6.1 and 7.6.2).  Place
sample into the vessel liner portion of a microwave digestion vessel.  Add concentrated
nitric acid to the sample in the vessel liner; add an amount of acid equal to the amount of
sample.  If the sample contains a very high amount of organic material, more acid can be
added (routinely the sample is in a 10-ml water matrix requiring the addition of 10-ml nitric
acid).  Initially, add acid very slowly and with great caution, anticipating that an
unexpected reaction may take place.  After determining that there is no possibility of a
violent reaction, slowly and cautiously add the remainder of the acid to the samples.

7.6. Preparation, assembly of digestion vessels and connecting to the microwave
apparatus.

7.6.1. Before the assembly of the digestion vessels, new rupture membranes must be seated
in the vessel liner covers as illustrated in Figure 3, “Installation and removal of rupture
membrane.”  Make sure that there is only one rupture membrane seated in each vessel
liner cover.

7.6.2. Once the rupture membrane is seated, turn the vent stem back into the vessel liner
cover until hand tight.  Do not apply excess pressure or use a wrench to tighten the
vent stem!  Sections 7.6.1 and 7.6.2 should be completed prior to the acid addition
(section 7.5).

7.6.3. Place the vessel liner cover (with rupture membrane and vent stem installed) on top of
the vessel liner.

7.6.4. Thread the vessel cap onto the thread ring (by turning in a clockwise direction) until
hand tight.  As with the vent stem assembly, do not apply excess pressure or use a
wrench to tighten the vessel cap!

7.6.5. Insert the vent tube into the vessel by threading through the ferrule nut into the vent
fitting (located on top of the vessel cover extending above the vessel cap).

 7.6.6. Place the complete vessel assembly into a turntable, orienting the vent tube towards
and into the collection vessel at the center of the turntable.  Record position of vessel
(in turntable) on the Diatom Slide Preparation Form.

 7.6.7. Complete the vessel assembly by placing an advanced composite sleeve over the liner
and under the thread ring.

7.6.8. For the remaining vessels repeat steps 7.6.1 to 7.6.7.  Note the differences for the
vessel with the temperature and pressure controls (assembly is similar but with a
different type of vessel liner cap and cover); see Figure 4, “Installation of rupture
membrane in vent fitting of Advanced Composite Vessel with Temperature/Pressure
control cover.”

7.6.9. Place turntable with vessels into the microwave apparatus cavity on its drive lug. 
Turn on microwave apparatus and rotate the turntable. After confirming the operation
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of the turntable, rotate so that the vessel with the temperature and pressure sensors is
at 12:00 (as looking into the microwave cavity).

7.6.10. Bleed and connect pressure sensing line:

7.6.10.1. Using keypad controls and menu system, rotate turntable to 9:00.

7.6.10.2. Turn pressure valve (outside left of microwave cavity) to open.

7.6.10.3. Tap pressure sensing line to get air bubbles to connection end.  

7.6.10.4. With the syringe filler (outside left of microwave cavity), flush air bubbles out of
the pressure sensing line.

7.6.10.5. Connect pressure sensing line to the pressure port on the temperature and
pressure vessel liner cover (use only hand pressure!) and place pressure sensing
line in center post of the turntable; see Figure 5, “Routing of pressure sensing
line and fiber optic temperature probe.”

7.6.10.6. Turn pressure valve to neutral.

7.6.11. Connect fiber optic temperature probe: Without bending, place fiber optic probe
carefully (note: it is glass!) into the thermowell of the temperature and pressure vessel
liner cover and connect (use only hand pressure for the connection!).  Thread probe
into center of the turntable, similar to the pressure sensing tube; see Figure 5,
“Routing of pressure sensing line and fiber optic temperature probe.”

7.7. Configuring the microwave apparatus.

7.7.1. From the main menu, choose either to load a preexisting program (current program
“Diatom New Vessel”) or to enter new operating conditions (and new programs) from
the keypad.

7.7.2. In the view mode, use the arrow keys and numeric keypad to set the following
operating conditions:

Cycle 1 - 25% power, 20 PSI, 5 min @ pressure;

Cycle 2 - 80% power, 60 PSI, 5 min @ pressure;

Cycle 3 - 90% power, 100 PSI, 20 min @ pressure;

Adjust power settings for number of vessels by reducing 3% for each vessel less than
a full tray (12 vessels);

Record additional information in the “Sample Information” screen.

7.7.3. Make sure printer is connected and on and print out operating conditions and sample
information.

7.8. Start the microwave apparatus; the program will take about 60 min.

7.9. It is crucial that the operator monitor the temperature and pressure controls (readings
printed every 30 sec) during the course of the digestion.  In stages the temperature will rise
from room temperature to about 170°C (up to 90°C in Cycle 1; up to 140°C in Cycle 2; up
to 170°C in Cycle 3) and pressure will go from 0 psi to 100 psi (0-25 psi in Cycle 1, 25 to
70 psi in Cycle 2; 70-100 psi in Cycle 3).  In the first two cycles, the rise will be even for 5-
10 min and then hold near the maximum for 5 min; in Cycle 3 the rise will be fast (within a
minute or two) and then hold for 20 min (@ 90-100 psi and 160-170°C).  Deviations from
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this controlled rise in temperature and pressure could indicate a break in a vessel or
problem sample reaction.  The digestion should be stopped immediately if either the
temperature or pressure does not rise evenly through the cycles.

7.10. Remove samples from the microwave apparatus (after temperature and pressure conditions
are back to normal levels; ~30-45 min):

7.10.1. Place the vessel with the temperature and pressure controls at 9:00.

7.10.2. Vent the vessel with the temperature and pressure controls by turning the vent fitting
counter- clockwise.  Note: gloves, lab coat and eye protection should be worn during
venting of vessels.

7.10.3. Carefully take out the fiber optic probe and place in one of the holes near the top of
the microwave cavity.

7.10.4. Remove pressure sensing line and place away from the turntable.

7.10.5. Remove turntable from microwave cavity and place in fume hood; carefully vent each
of the vessels by slowly turning the vent fitting counter-clockwise. 

7.11. Remove vessel caps, vessel liner covers and transfer samples to tall, 100-ml beakers,
washing liner with DW or RO from wash bottle.  Fill beaker with DW; be sure to check
beaker numbers on “Diatom Slide Preparation Form.”

7.12. Decanting procedure.  After 8 hours, siphon off the supernatant in a manner similar to that
described in section 7.1.  DW is again added to beakers. Repeat this settling and siphoning
procedure at least five more times or until the pH is similar to that of the DW or RO (above
6.5).  Note date of each decant on the “Diatom Slide Preparation Form.”

7.13. Transfer procedure.   Carefully swirl the cleaned material remaining in the bottom of each
beaker after the final siphoning and then pour it into a 20-ml glass vial which has been
previously labeled with Sample ID and SubSample ID.  (Labels should be made on the side
of the vial using a diamond scribe and on the cap using an indelible marker).  Using a wash
bottle containing DW or RO water, wash any remaining material adhering to the beaker
sides into the vial, and bring the volume of each vial to exactly 20 ml.  Cap the vial and
store with others until ready to make slides.  Initial and date the “Diatom Slide Preparation
Form,” put it in the “Diatom Analysis” folder, and keep the folder with the samples.

7.14. Precautions.  Samples containing preservatives or other chemicals should be clearly
identified at the time of submission to the diatom laboratory.  If chemical additives are
suspected, but not indicated on the preparation form, technicians should request
confirmation from the Principal Investigator or the Project Leader as to the contents of the
samples.  If the samples are known to contain formaldehyde, Lugol’s solution,
glutaraldehyde or any other noxious material, a dilution step should be performed by the
addition and siphoning of DW or RO similar to that described in section 7.12 (excluding
the consideration of pH) until it is safe to assume that the added chemical or chemicals have
been significantly diluted.  Samples containing significant amounts of carbonate will tend
to bubble and sputter on the initial addition of acid.  In this case, acid addition should be
suspended immediately until all evidence of a reaction has ceased.
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8.  QUALITY ASSURANCE/QUALITY CONTROL

8.1. Observed loss of material at any stage of this procedure compromises quantitative samples. 
Samples which experience such loss should be discarded immediately if sufficient material
has been retained to allow for a fresh sample.  If the compromised sample is the only
material available from the original sample, the procedure should be completed, and the
nature of spillage or loss should be documented clearly on the “Diatom Slide Preparation
Form.”

8.2. Diatom frustules are microscopic, generally falling in the fine silt size range; therefore,
there is a possibility that samples can be contaminated.  Laboratory rooms where raw or
processed samples are handled should be kept as clean as possible.  Lab bench surfaces
should be kept clean and free of debris.  Techniques similar to those used for sterile
experiments (bacteriological plating, etc.) should be followed to minimize the risk of cross
contamination of samples. Where feasible, disposable pipettes, stirrers, etc. should be used. 
Where they cannot, they should be rinsed in DW or RO water after each sample, and stored
dry.

8.3. Samples with live algae should be refrigerated and kept in the dark (live diatoms are
capable of continued growth as long as they are receiving light).

8.4. New glassware and digestion vessel liners should be washed and/or rinsed prior to use. 
Used glassware should be vigorously scrubbed, washed with a detergent, and rinsed at least
three times with DW or RO to prevent contamination.  Previously used digestion vessel
liners should be washed with a detergent and soft brush (beware of abrasives, however) and
rinsed at least three times with DW or RO.  (Explanatory note: at times tap water, because
of algal blooms and use of diatomaceous earth filters, may contain diatoms.)  All equipment
should be stored dry to prevent growth of algae or fungi.
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Figure 1.  Standard advanced composite vessel (cross section).
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Figure 2.  Advanced composite vessel for pressure and temperature control.



ANSP Protocols for Analysis of NAWQA Algae Samples Protocol P-13-42

38 Academy of Natural Sciences of Philadelphia

Figure 3.  Installation and removal of rupture membrane.

Figure 4.  Installation of rupture membrane in vent fitting of advanced composite vessel with
temperature/pressure control cover.
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Figure 5.  Routing of pressure sensing line and fiber optic temperature probe.
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Protocol P-13-49

Preparation of Diatom Slides Using Naphrax™ Mounting Medium
Frank Acker, Benjamin Russell and Eduardo Morales

1. PURPOSE

1.1. Accurate identification and enumeration of diatoms requires mounting of cleaned material
between a microscope slide and cover slip in a medium with a refractive index near that of
glass, so that the features of diatom frustules or valves are clearly visible at high
magnification.   Naphrax™, a commercially-available toluene-based mounting medium
with high refractive index, is currently used at the ANSP.  This protocol details the steps
necessary to produce high-quality diatom mounts from cleaned diatom material. This
technique produces ‘permanent’ mounts,  preserving the diatom specimens over many
decades, at least.

2. SCOPE

2.1. Procedures described in this protocol include the dilution and dispersion of cleaned
material onto glass cover slips, the mounting of cover slips onto glass microscope slides
using Naphrax™ mounting medium, and the labeling of permanent mounts suitable for
inclusion in the ANSP Diatom Herbarium.

2.2. This procedure applies to personnel involved with the preparation of diatom slides.

3. REFERENCES

3.1. American Public Health Association, American Water Works Association, Water
Environment Federation (APHA, AWWA, WEF).  1992.  Standard Methods for the
Examination of Water and Wastewater. 18th ed.

3.2. Patrick, R. and C. Reimer.  1967.  The Diatoms of the United States.  Vol. 1.  Monograph
No. 13, Academy of Natural Sciences of Philadelphia, 688 pp.

3.3. PCER, ANSP.  1990.  Laboratory Safety Manual.

3.4. U.S. Environmental Protection Agency. 1973.  Biological Field and Laboratory Methods
for Measuring the Quality of Surface Waters and Effluents. EPA-670/4-73-001.  US. EPA
Office of Research and Development. Cincinnati, OH.

4. SAFETY PRECAUTIONS

4.1. Personnel should be familiar with the information given in Reference 3.4.

4.2. Naphrax™ should be considered a hazardous substance because it contains toluene, an
organic solvent.  Toluene volatilizes readily when heated.  For this reason, heating of
Naphrax™ should only be performed under a positive-draw fume hood.  Personnel should
wear safety glasses and protective hand wear when working with liquid Naphrax™ at room
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temperature, when heating Naphrax™ in a hood, or when in contact with solidified
Naphrax™ toward the final stages of slide preparation.

4.3. Hot plate temperatures required for this procedure are high enough to cause severe burning
of exposed skin.  Use extreme care when manipulating slides on the hot plate and when
working close to the hot plate.

5. APPARATUS/EQUIPMENT

5.1. Corning ceramic-top hot plate with temperature control.

5.2. Positive-draw chemical hood.

5.3. Aluminum drying plate (25.5 x 20.0 x 0.5 cm, solid aluminum; lines forming 48 squares,
each 3.2 cm on a side, are etched on the surface.  Each square is etched with an identifying
number).

5.4. Glass microscope slides (1 x 3 inches; 2.5 x 7.5 cm)

5.5. Glass cover slips (18 mm x 18 mm) - No. 1 thickness, stored in covered glass jar filled with
100 % ethanol.

5.6. Naphrax™ mounting medium.

5.7. Diamond scribe.

5.8. Disposable plastic pipettes.

5.9. Adjustable pipettor (0 - 250 µl); adjustable pipettor (200 - 1000 µl).

5.10. Pipette tips for adjustable pipettors.

5.11. Round-style tooth picks.

5.12. Forceps.

5.13. Polished, rounded wooden splints.

5.14. Wash bottle filled with distilled (DW) or reverse osmosis (RO) water

5.15. Single-edged razor blades.

5.16. Ethanol, 70%.

5.17. Acetone.

5.18. Kimwipe® tissues.

5.19. ANSP slide labels.

5.20. Wax (the kind commonly used for candle making and canning foods).

6. METHODS

6.1. Estimate amount of cleaned diatom material to deposit on coverslip.  

6.1.1. Starting with cleaned material contained within 20-ml glass vials, estimate the volume
of suspended material that will need to be deposited (“dripped”) on a cover slip to
produce a slide of the appropriate cell density.  The ideal density to be achieved on the
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final mount is somewhat subjective and is based on the amount of debris in the
sample, the preferences of the slide analyst and the way in which the slide is to be
used (e.g., counting, documentation).  Generally, between 5 and 10 diatom specimens
should be present in a single high power microscope field (1000X).  To make the
estimate, shake the cleaned material to ensure a homogeneous dispersion of cells
within the 20-ml vial.  Immediately open the vial and withdraw either a 25- or 50-µl
sub-sample using the 0- to 250 µl adjustable pipettor. Place the subsample on a slide
and cover it with an 18 x 18 mm cover slip.  Then observe this preparation under a
compound microscope at 50X magnification.  Look at a number of fields and observe
the density of cells.  Then calculate the amount of material that would need to be
dripped so that the density of cells seen at this magnification would be approximately
30 to 40 per field.  This estimate is referred to as the “drip count” (the amount of
cleaned material to be placed on a cover slip).  Accuracy of estimates improves with
experience.  In many cases, analysts will request that both a “heavy” slide (~40
cells/field) and a “light” slide (~30 cells/field) be made.   Record the “drip count”
estimates on the “Diatom Lab - Slide Preparation Notes” form (Figure 1).  When
slidemaking is complete, record the estimates and final amounts dripped on the
“Diatom Slide Preparation Form” (See Figure 2,  Protocol P-13-48).   Also note
observations of interfering materials (sand, silt, etc.) on this form.

6.1.2. In some cases, the number of diatoms in a sample is very sparse.  This is usually
because diatoms were rare in the habitats sampled, or the sample bottles contain a
small amount of material.  In these cases, additional procedures are required to either
make a satisfactory slide for analysis or to determine that analysis of a sample is not
practical.  Follow these procedures if more than about 900 µl (this is the maximum
amount that a coverslip can “hold” beneath it) would need to be dripped onto a
coverslip to meet the above criteria.  

     6.1.2.1. If a satisfactory slide could be made by increasing the concentration of cleaned
diatom material by two to five times, then do this by using a micropipettor to
remove the required amount water from the vial of material after it has been
allowed to settle for at least eight hours.  Record the concentration factor on the
“Diatom Slide Preparation Form.”

     6.1.2.2. If a concentration of cleaned material greater than two to five times is required,
then re-subsample the original sample (Protocol No. P-13-48).  Take a subsample
of a size sufficient to prepare satisfactory slides.  Use all of the remaining sample
only if absolutely  necessary.  Digest the subsample and prepare a new vial of
cleaned material (Protocol P-13-42).  Repeat procedure 6.1.1, above.  If the
concentration of cleaned material is still not sufficient, concentrate it, as
described above.  If still too dilute, combine the two vials of cleaned subsample
materials.  Record steps and volumes, and final concentration factor,  on the
“Diatom Slide Preparation Form.”

    6.1.2.3. If, after following the steps above to concentrate the cleaned material, the density
of diatoms on a cover slip still does not meet the criteria of  30 to 40 cells per
field at 400 - 450x magnification, then proceed to make the densest slide possible
and take it to a diatom analyst to evaluate (the Phycology Section Diatom
Taxonomy Coordinator at the ANSP).  The analyst will make a determination of
whether it is practical to analyze the sample.  They will quickly scan the slide in
its entirety under 100x magnification, and estimate the total number of
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individuals on the slide. Then they will make their determination of whether the
slide is countable, taking into account the density of diatoms, evidence of
dissolution, and amount of debris (silt, clay, broken remains of diatoms and other
siliceous organisms) that would make it difficult to identify specimens
accurately.  As a general guideline, if accurate identifications are possible, and at
least 100 specimens could be counted within four hours, they should determine
that the slide be analyzed; otherwise it should not.  If the diatom analyst
determines that the slide should not be counted, inform the Phycology Section
Project Manager immediately.  They will call the NAWQA study unit biologist
that submitted the samples to inform them of the problem. Only under very
special circumstances will an analyst be asked to take the extraordinary measure
of counting a slide for a very long time (more than four hours).  Record results of
the diatom analyst’s determination and rationale on the “Diatom Slide
Preparation Form.”

     6.1.2.4. When doing their evaluation of a slide with few diatoms, as described in the step
above, a diatom analyst may occasionally see evidence suggesting that a sample
contains lightly silicified diatoms that may not have survived the digestion
process.  In these rare instances, they may suggest that a “burn mount” be made
to determine whether diatoms did exist in the original sample.  (This is one
reason why a small portion of the initial sample should always be saved, even for
phytoplankton.) The burn mount procedure was used extensively to create slides
for diatom analysis before the introduction of methods incorporating acids for the
digestion of organic material.  Even though this method does not rid sample
material entirely of organic debris, diatoms on the slide can at least be identified
as diatoms.  For this method, follow the EPA (1973) procedure.  Briefly, a
known portion of the untreated sample is dripped onto a coverslip and allowed to
dry at room temperature.  When the sample is dry, it is placed onto a hot plate
and left for about 30 min at ca. 570°C.  The coverslip is mounted according to
procedure 6.3, below.

After it is prepared, have the burn mount slide examined by a diatom analyst. 
They will determine if diatoms are present and whether analysis of the slide is
warranted.  Slides prepared using the burn mount method can not be counted if
too much organic material remains on the slide.  This is because it is not possible
to make accurate taxonomic identifications.  Generally, burn mounts are used
only as a last resort, and to confirm that weakly silicified diatoms are not present
in the sample.  Record information on all burn mount attempts, successful or
unsuccessful, on the “Diatom Slide Preparation Form.”  Include at least date,
name of preparer, volume of subsample used, and whether diatoms were
observed.

6.2. Deposit cleaned material on coverslip.  Use forceps to remove single 18 x 18-mm cover
slips from the ethanol storage container, and carefully clean each by wiping with a
Kimwipe®.  Place each cover slip on a marked space of the aluminum drying plate.   Be
sure the aluminum drying plate is clean and dry to avoid cross-contamination.  If the
intended drip count is less than 600 µl, drip a small amount of distilled water onto the cover
slip with a disposable pipette, sufficient to form a thin layer of water over the entire cover
slip.  Agitate the sample vial to a uniform dispersion and use the adjustable pipettor to
quickly withdraw the required amount from near the central portion of the sample.  Eject
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this material smoothly and carefully onto the layer of distilled water already on the slip.  By
alternately drawing material up into the pipette and ejecting it, a homogeneous suspension
is achieved on the cover slip.  In the case where more than ~600 µl of original sample is
required, the addition of distilled water is not necessary, and the sample can be ejected and
mixed directly on the cover slip.  In both cases, take care to ensure that the suspension
covers the entire surface of the cover slip, including the extreme edges of the corners. 
Should the cover slip overflow, discard the cover slip, and repeat the procedure with a
freshly cleaned cover slip.  Discard the pipette tip when finished with each sample.

Once the aluminum drying plate is loaded with cover slip preparations, the plate should
remain undisturbed until the cover slips are dry.  At this point, drying of the slips can
proceed at room temperature (a period of several hours will be required), or gentle heat
(warm to the touch only) may be applied to hasten evaporation (a crook-neck lamp with
incandescent light bulb placed 15 - 30 cm over the drying plate is one option).  Once
completely dry, put the aluminum plate with cover slips on the hot plate that has been
preheated to 250 to 300ºF.  Leave for 3 to 5 minutes.  This procedure ensures that nearly all
water is driven from the material on the cover slips and helps assure that the diatom
frustules will adhere to the surface of the glass.  Remove the aluminum plate from the
hotplate and inspect the cover slips.  If the pattern of diatoms distributed on any of the
cover slips is not even and smooth, they should be re-dripped.  If cover slip distributions
seem unsatisfactory after repeated attempts, consult an algal analyst.

6.3. Mount coverslip on microscope slide.  

6.3.1. Using a diamond scribe, etch microscope slides with Sample ID, Subsample ID and
Slide Replicate ID (e.g., GS029231 DT1 a).

6.3.2.  Mount coverslip on slide.

THE FOLLOWING STEPS MUST BE PERFORMED IN A POSITIVE-DRAW
FUME HOOD!

Using a rounded wooden splint or disposable pipette, transfer a small amount of
Naphrax™ (volume equivalent to ~2 to 4 drops of water) to the central portion of the
etched side of the microscope slide.  Using a rounded wooden toothpick, distribute the
Naphrax™ over an area approximately equivalent to the size of the cover slip.  Then
remove the appropriate cover slip from the aluminum plate with forceps, being careful
to handle the cover slip only at the extreme corners.  Invert the slip and place it gently
on the Naphrax™ covered portion of the slide.  Then place the slide (cover slip up) on
the hotplate and apply gentle heat until the evolution of bubbles resulting from the
evaporation of the toluene solvent first occurs, and then significantly diminishes. 
Remove the slide from the hot plate, and, using the rounded toothpicks, gently
position the cover slip and press it to form a uniform, thin layer of Naphrax™ beneath
the entire cover slip. Make sure that the edges of the cover slip are brought parallel to
the edges of the microscope slide.  Care must be taken at this stage not to press so hard
as to damage or dislodge the diatoms or cause warping of the cover slip.  As this
procedure is taking place, the Naphrax™ is “setting up” (becoming hard), and the
ability to move the cover slip will diminish rapidly.  At this point, set aside the mount
to finish cooling.

6.3.3. Use a single-edge razor blade to carefully trim any excess Naphrax™ which has been
squeezed out from beneath the cover slip.  Great care must be taken to avoid “lifting”
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the cover slip by inadvertently allowing the edge of the blade to move between the
cover slip and the microscope slide.  Once most of the excess Naphrax™ has been
removed and discarded, and while still working under the hood, place the mount in
successive baths of acetone, and then ethanol for no more than 10 or 15 seconds each. 
Finally, wipe the mount clean with a Kimwipe® tissue.

6.4. Add paper label to slides.  Either before or after slides have been analyzed, depending on
project requirements, prepare paper labels and attach them to the mounts following the
exact specifications and examples contained in Appendix 1.  The standard labels produced
by the Phycology Section include those for diatometer projects, surveys (hand collections),
general projects (miscellaneous types), and the USGS NAWQA program.  Contractors
often submit slides with only etched labels; paper labels are added by Phycology Section
staff.

6.5. Enter data from the “Diatom Slide Preparation Form”.  Enter data directly into the
following fields of the “Slide Information” table in the PHYCLGY database: Sample ID,
Diatom Subsample ID, Slide Replicate ID, Vol Cleaned Material, D/C Factor, FL dripped,
Settled By (Worker ID), Mounted By (Worker ID), and Date Diatom Slide Completed.

6.6.  Assemble forms and transmit slides.  Put slides in plastic slide boxes; label each with
name of project and subproject, Subproject ID, Box _ of _, date (month/year) box prepared,
and name or initials of preparer.  Sign and date the “Diatom Slide Preparation Form” and
the “Diatom Lab - Slide Preparation Notes” form and put them in the “Diatom Analysis”
folder.  Print a “Diatom Slide Analysis Form” for use by the diatom analyst and add it to
the “Diatom Analysis” folder also.   Create this form using the “Diatom Analysis Form(...)”
report in the PHYCLGY database.  When slides are completed, transmit them and
associated forms to the Phycology Section Project Manager, or inform them that slides are
prepared.

6.7. Preserve and store cleaned material.  After slides are analyzed according to the
appropriate protocol, and no additional slides need to be made, process the vials containing
the remaining acid-cleaned material for long-term storage.  Working under a fume hood,
add two - four drops of 100% buffered formalin to each vial (some contractors use alcohol
as a preservative instead).  Tightly cap the vials and seal them by immersing the top 1/3 of
the vial in melted wax.  Then transfer the vials to the appropriate storage cabinet in the
Phycology Section for long-term storage.   Be sure that the cabinet and shelves on which
they are stored are properly labeled with the study unit year and Subproject ID. See the
Phycology Section Project Manager for assistance.

7. QUALITY ASSURANCE/QUALITY CONTROL

7.1. This procedure was developed in the laboratories of the ANSP and has been used for the
preparation of several thousand slides.  Naphrax™ is produced under quality control
conditions specifically for the purpose of high resolution slides (Northern Biological
Supplies of Islip Great Britain).  Naphrax™ mounts have proven to be stable over long
periods (there are 25 plus year mounts in the ANSP Diatom Herbarium) and has been the
mounting medium of choice of European investigations for over 40 years.  Before it’s
production was halted in 1993,  Hyrax™ was the most widely used commercially-available
mounting medium and was used at the ANSP for many years before the switch to
Naphrax™.
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7.2. It should be understood that, given the microscopic size and large numbers of diatoms
which are transferred from the cleaned material vials to the finished mount, there are a
number of steps where contamination of the samples is possible.  Laboratory rooms where
raw or processed samples are handled should be kept as clean as possible.  Laboratory
bench surfaces should be kept clean and free of debris at all times.  Techniques similar to
those used for sterile experiments (bacteriological plating, etc.) should be followed to
minimize the risk of cross-contamination of samples.  All equipment coming into contact
with sample material should be rinsed in DW or RO water at least three times.  Disposable
pipettes should be used when possible.

7.3. The distribution of specimens on the final mounted cover slips should represent the samples
contained within the cleaned material vials.  The degree to which this is true depends on
how well the cleaned material is dispersed prior to sub-sample withdrawal, and how evenly
the withdrawn material is dispersed on the cover slip.  Great care should be taken to ensure
that these two steps are completed properly.  

7.4. For certain critical applications, the project protocol may call for duplicate slide sets to test
for variation in quantitative data introduced by this procedure.
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Diatom Lab - Slide Preparation Notes
Phycology Section

Patrick Center for Environmental Research                                                                                                                             The Academy of Natural Sciences

1 1 2 2 3 3 4 4

5 5 6 6 7 7 8 8

9 9 10 10 11 11 12 12

13 13 14 14 15 15 16 16

17 17 18 18 19 19 20 20

21 21 22 22 23 23 24 24

Notes:

Dripped By: Date Dripped:     Project Number & Name:

Figure 1.  Diatom Lab - Slide Preparation Notes form.
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APPENDIX 1

SLIDE LABEL FORMAT (ANSP DIATOM HERBARIUM)

Listed below are formats for slides labels for diatometer projects, surveys and special projects. 
Labels are 1 inch (2.54 cm) square and can accommodate 10 lines with 15 characters or spaces per
line.  Abbreviations should be used when necessary and clear.

I.  Diatometer Projects

Line #1: State abbreviation, county name (or abbreviation)
e.g. SC, Allend. Co.

Line #2: Waterbody
e.g. Savannah River

Line #3: Station and substation code (diatometer code)
e.g. Sta: 1RC

Line #4: Installation date (exposure date)
e.g. exp: VIII-12-87

Line #5: Removal date
e.g. rem: VIII-26-87

Line #6: (nothing; assumes no particular collector)

Line #7: Project name
e.g. Sav Diatom. #35

Line #8: sides scrapped, microliters dripped
e.g. 6 sides 1500 µl

Line #9: (nothing; reserved)

Line #10 preprinted Acad Nat Sci Philadelphia or ANS Phila.

Example:
SC, Allend. Co.
Savannah River
Sta: 1RC
exp: VIII-12-87
rem: VIII-26-87
Sav. Diatom. #35
6 slides 1500 µl
ANS Phila.
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II.  Surveys (Hand Collections)

Line #1: State abbreviation, county name (or abbreviation)
e.g. TX, Victoria Co.

Line #2: Waterbody
e.g. Guadalupe River

Line #3: Station/substation/collection #
e.g. Sta 1L Coll: 19

Line #4 and
Line #5: Microhabitat

e.g. on rocks, gravel and sand

Line #6: Collection date
e.g. X11-10-1987

Line #7: Collector
e.g. Coll: RR Grant

Line #8: Survey name and number
e.g. Sav Cur Sur #96

Line #9: Microliters dripped
e.g. 1500 µl

Line #10 preprinted Acad Nat Sci Philadelphia or ANS Phila.

Example: TX, Victoria Co.
Guadalupe River
Sta 1 Coll: 19
on rocks, gravel and sand
XII-10-1987
Coll: RR Grant
Sav Cur Sur #96
1500 µl
ANS Phila.
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III.  General Projects (Miscellaneous)

Line #1: State abbreviation, county name (or abbreviation)
e.g. PA, Wayne

OH, Clermont

Line #2: Waterbody or installation
e.g. Swago Pond

P&G Art Streams

Line #3: Station and substation or treatment
e.g. Treatment: NPC1

Stream 1, Rep 1

Line #4: Microhabitat (if necessary)
e.g. nutrient pots

glass slides

Line #5: Installation or collection dates (if applicable; exp = exposure date)
e.g. exp: VIII-11-87

VIII-31-87

Line #6: Removal date (if applicable)
e.g. rem: VIII-31-87

Line #7: Collector (if applicable)
e.g. JW Sherman

Line #8 : Project name
e.g. POCONOS 1987-88

1988 P&G
ART. STREAMS

Line #9: Sides scrapped, microliters dripped (if applicable)
e.g. 6 slides 1500 µl

Line #10 preprinted Acad Nat Sci Philadelphia or ANS Phila.

Examples:
PA, Wayne OH, Clermont
Swago Pond P&G Art Streams
Treatment: NPC1 Stream 1 Rep 1
nutrient pots glass slides
exp: VIII-11-87 VIII-31-87
rem: VIII-31-87
Coll JW Sherman 1988 P&G
POCONOS 1987-88 Art Streams
6 slides 1500 µl
ANS Phila. ANS Phila.
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IV.  USGS NAWQA Program

Listed below is the format for slides labels for USGS NAWQA Program.  Two labels are generated
for each slide.  One to be placed to the left of the coverslip and the other to be placed to the right of
the coverslip.  Abbreviations should be used when necessary and clear.

Left Label:

Line #1: State abbreviation, county name (or abbreviation)
e.g. WI, Milwaukee

Line #2: Waterbody
e.g. Lincoln Cr.

Line #3: Site Location ID
e.g. GS40869415

Line #4: Microhabitat (if necessary)
e.g. nutrient pots

Line #5: Collection dates
e.g. 5/15/95

Line #6: Collector (if applicable)
e.g. B. Scudder

Line #7: USGS NAWQA

Line #8: USGS NAWQA Sample ID
e.g. WMIC0595ARE0001B

Line #9: ANSP Slide ID
e.g. GS004503-DT1-b

Example:
WI, Milwaukee
Lincoln Cr.
GS40869415

5/15/95
B. Scudder
USGS NAWQA
WMIC0595ARE0001B
GS004503-DT1-b

Right Label:

Line #1: ANSP Diatom Herbarium Accession Number
e.g. 100001b
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Lines # 2 through #7: Reserved for names of taxa found on the slide (if applicable)

Line #8: Determiner (If applicable)

Line #9: ANSP
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Protocol P-13-50

Preparation of USGS NAWQA Program Algal Samples

 for Analysis Using Palmer-Maloney Cells
Frank Acker

1. PURPOSE

1.1. Quantitative algal samples collected by the U.S. Geological Survey’s (USGS) National
Water-Quality Assessment Program (NAWQA), including Richest Targeted Habitat (RTH)
and Depositional Targeted Habitat (DTH), must be prepared prior to taxonomic analysis. 
The purpose of this procedure is to produce a fraction (small volume of sample) with a
concentration suitable for analysis with the Palmer-Maloney counting cell.

2. SCOPE

2.1. This procedure is applicable to quantitative samples collected by the USGS NAWQA
program.  Fractions for analysis of periphyton samples collected with similar protocols
(e.g., collections from natural substrates) can also be made using these procedures.

2.2. This procedure applies to personnel responsible for preparing algal fractions from soft-
algae subsamples of original samples (e.g., see ANSP Protocol P-13-48).  These fractions
are used for taxonomic analysis of soft-algae, for analysis using a Palmer-Maloney
counting cell, and for estimating the total number of diatom frustules (cells) in samples.

3. REFERENCES

3.1. Palmer, C.M. and T.E. Maloney.  1954.  A new counting slide for nannoplankton. 
American Society of Limnology and Oceanography Special Publication Number 21.  6 pp.

3.2. United States Geological Survey (USGS), National Water-Quality Assessment Program
(NAWQA).  1997.  Procedures for Processing NAWQA Algal Samples.  Draft Manuscript. 
February 1997.

4. APPARATUS/EQUIPMENT

4.1. Formalin solution, 2%.

4.2. Scissors, small stainless steel.

4.3. Blender with small volume (20 ml) attachment.

4.4. Vials, 20 ml, scintillation or flint glass.

4.5. Diamond scribe.

4.6. Palmer-Maloney counting cell.

4.7. Pre-printed bench sheet, “USGS NAWQA Palmer-Maloney Fraction Preparation Bench
Sheet” (Figure 1).
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5. DEFINITIONS

5.1. Natural counting unit.  Each natural grouping of algae (i.e., each individual filament, 
colony, or isolated cell) is defined as a natural counting unit.  Diatoms are an exception;
each diatom cell is always considered a natural counting unit, even if attached to other
cells.  The main purpose of using ‘natural counting units’ is to prevent a colonial or
filamentous form from dominating a count.  It also facilitates the counting of algal forms
which have linked cells that may be hard to distinguish. 

5.2. Formalin.  Due to the flammability of concentrated formaldehyde, standard maximum
strength solutions are 37% formaldehyde; 100% formalin by definition is this standard 37%
formaldehyde.  Thus, 2% formalin is a 2% solution of the standard formaldehyde solution,
not 2% formaldehyde.

5.3. Dilution liquid.  Samples collected as part of many sampling programs, including
NAWQA,  are preserved with a 4-5% formalin solution.  Dilution liquid refers to the 3-5%
formalin solution added to fractions when it is necessary to make dilutions of these
fractions.

6. METHODS

6.1. If there are visible macro forms in the soft-algae subsample (i.e., visible filaments or
colonies), break them up using scissors or small blender.  This does not include maceration
or grinding.  The purpose of this step is to suspend algae so that fractions will have
proportions of algal taxa equal to those in the original sample.

6.2. Determine the amount of dilution or concentration required.  Ideally, in a Palmer-Maloney
cell at 350-450x magnification, there should be about 15-30 cells or natural units in a field
of view.  Take into account that interfering materials (sands, silt, etc.) may reduce the
number of cells that can be observed; reduce cell concentration accordingly.   Estimate the
amount a sample must be diluted or concentrated, based on visual observation.  Accuracy
improves with experience.

6.3. Record the fraction volumes for each separate fraction on the “USGS NAWQA Palmer-
Maloney Fraction Preparation Bench Sheet” form (Figure 1).  The Palmer-Maloney
dilution/concentration factor will be greater than 1 if subsample material was diluted when
making the Palmer-Maloney fraction, and less than 1 (though positive) when subsample
material was concentrated to make the fraction.

6.4. A note about fraction naming convention.  A “Palmer-Maloney Fraction ID” is given to
each physical fraction that is created.  The original subsample is defined as fraction “a.”  If
the subsample is concentrated and remains as one physical fraction, the fraction remains as
“a.”  However, for most cases of dilution, a second or third physical fraction is produced
and they are defined sequentially as “b,” “c,” …

6.5. To dilute an aliquot, add a volume of dilution liquid to an aliquot from the subsample.
Thoroughly mix the subsample and measure an aliquot in a small graduated cylinder. Place
this portion of the subsample in a clean 20-ml scintillation vial.  Add a measured volume of
dilution liquid and mark the vial as fraction “b” (each fraction vial is scribed with Sample
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ID, Subsample ID and Palmer-Maloney Fraction ID).  If more dilution is necessary, repeat
this step to produce a “c” fraction.

6.6. To prepare a concentrated aliquot, place the entire measured subsample in a 50-ml
centrifuge tube.  Centrifuge for 20 min at 1000 g.  Siphon off the supernatant and measure
the volume of remaining subsample.  Return the remaining subsample to its original vial. 
This fraction remains fraction “a.”  If a more concentrated fraction is needed, subsample a
larger amount and centrifuge in a similar manner.  When additional subsamples are used,
the concentrated subsamples are combined into one fraction (fraction “a”).  Note the total
volume of the subsamples and the volume of the fraction.  Information on additional
subsamples needs to be recorded on the “NAWQA Sample Volume/Subsample Form” and
entered in the “Subsample Information” table in the PHYCLGY database.

6.7. Record fraction volumes and calculated dilution/concentration factors on the “USGS
NAWQA Palmer-Maloney Fraction Preparation Bench Sheet.” For fraction “a,” record the
original amount of subsample (this volume will later be compared with subsample volume
that was entered in the “Subsample Information” table as a QC check to make sure values
are the same).  Record the volume in the vial after any concentration (or dilution) as the
fraction volume (i.e., volume of PR1-a).  For the other fractions, (i.e., fraction “b” and “c”),
record the volume of the fraction added to the new vial and the total volume of the fraction,
after dilution.  Calculate a factor for each fraction by dividing the total volume of the
fraction by the volume taken from the originating fraction (or subsample for fraction “a”). 
To get the dilution/concentration (d/c) factor for each fraction, multiply this fraction factor
by the d/c factor for all preceding fractions.

6.8. Enter data from the “USGS NAWQA Palmer-Maloney Fraction Preparation Bench Sheet”
directly into the PHYCLGY database table “Palmer-Maloney Fractions.”  Create one
record for each physical fraction, including the “a” fractions that were not diluted or
concentrated. Add the completed bench sheet to the “Soft-Algae Analysis” folder.  Tables 1
and 2 explain the process.

7. QUALITY ASSURANCE AND QUALITY CONTROL

7.1. It is critical that prior to taking a small portion of the subsample, the sample be thoroughly
mixed (section 6.5) and macro or visible forms are evenly dispersed (section 6.1).  A small
portion of the subsamples from each group of samples (i.e., study unit) is re-processed
using final dilution/concentration factors and checked for number of natural units per
microscope field.

7.2. Minor deviations to this protocol are expected, especially concerning methods to break up
algal clumps.  These deviations should be reported to project managers and/or algal
taxonomists and noted on the “USGS NAWQA Palmer-Maloney Fractions Preparation
Bench Sheet” form.
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Table 1.  Soft-algae dilutions - Definitions of fields in the Palmer-Maloney Fractions table.

Field Description Rules
Sample ID The identification assigned at the ANS

to the sample.  Starts with “GS” and
includes the bottle number.

Required for all samples.

SubSample ID The identification assigned to the
SubSample.  Starts with “PR” for
periphyton subsamples and “PP” for
phytoplankton subsamples. 

Required for all samples.

P-M  Fraction ID The identification assigned to the
Palmer-Maloney fraction.  The values
can only be a, b, c, or d.

Required for all samples.

Fraction Vol (ml) The volume (in ml) of the fraction after
any dilution or concentration.

Required for all samples.

D/C Factor The dilution / concentration factor used
to equate the fraction volume to the
subsample volume.

Required for all samples.

Worker ID The identification assigned to the
person who prepared the P-M fractions. 
Codes are numeric and can be found in
the “Workers” table of the PHYCLGY
database.

Required for all samples.

Date P-M
Fraction Prepared

Date when preparation of the P-M
fraction was completed.

Required for all samples.

Verified By The identification assigned to the
person who verified the data entry of
the P-M fraction data.

Entered during data verification.

Date Verified Date when P-M fraction data was
verified as complete and correct.

Entered during data verification.
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Table 2. How to enter data into the “Palmer-Maloney Fractions table” from the “Palmer-Maloney
Fraction Preparation Bench Sheet.”

Fields in the Palmer-Maloney Fractions table
P-M
Fraction

Sample ID SubSample
ID

P-M Fraction ID Fraction Vol
(ml)

D/C Factor

a The Sample
ID from the
bench sheet
(“GS...”).

The
SubSample
ID from the
bench sheet
(“PR1").

The fraction ID
from the bench
sheet (e.g., a, b, or
c).

Volume 2 D/C Factor 4.

b Volume 6 D/C Factor 8.
c Volume 10 D/C Factor 12.

fraction a fraction b fraction c

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

GSN____-PR1-a GSN____-PR1-b GSN____-PR1-c

volume of subsample    1____ volume of PR1-a          5_____ volume of PR1-b         9_____

volume of PR1-a      2____ volume of PR1-b          6_____ volume of PR1-c        10____

PR1-a/subsample      3____ PR1-b/PR1-a        7_____ PR1-c/PR1-b      11____

fraction “a” D/C Factor   4____fraction “b”  D/C Factor    8_____ fraction “c” D/C Factor   12____

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1. Volume 1. Volume subsampled from the original sample. 

2. Volume 2. Volume of Palmer-Maloney fraction “a” after any dilution or concentration.

3. Calculation 3.  The dilution or concentration for fraction “a” (Volume 2 / Volume 1).

4. D/C Factor 4.  The D/C Factor for fraction “a” (equals Calculation 3).

5. Volume 5.  Volume subsampled from Palmer-Maloney fraction “a”.

6. Volume 6.  Volume of Palmer-Maloney fraction “b” (Volume 5 + volume added).

7. Calculation 7.  The dilution or concentration for fraction “b” (Volume 6 / Volume 5).

8. D/C Factor 8.  The D/C Factor for fraction b (D/C Factor 4 * Calculation 7).

9. Volume 9. Volume subsampled from Palmer-Maloney fraction “b”.

10. Volume 10.  Volume of Palmer-Maloney fraction “c” (Volume 9 + volume added).

11. Calculation 11.  The dilution or concentration for fraction c (Volume 10 / Volume 9).

12. D/C Factor 12.  The D/C Factor for fraction “c” (D/C Factor 8 * Calculation 11).
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                              USGS NAWQA Palmer-Maloney Fraction Preparation Bench Sheet

               fraction "a"                         fraction "b"                         fraction "c"
------------------------------------------------------------------------------------------------------------------
      GSN__________-PR1-a                  GSN__________-PR1-b                  GSN__________-PR1-c
         volume of subsample _____ml          volume of PR1-a _____ml              volume of PR1-b ______ml
         volume of PR1-a _____ml              volume of PR1-b _____ml              volume of PR1-c ______ml
         PR1-a/subsample ________             PR1-b/PR1-a ________                 PR1-c/PR1-b ________
         fraction "a" D/C factor ____         fraction "b" D/C factor ____         fraction "c" D/C factor ____
------------------------------------------------------------------------------------------------------------------
      GSN__________-PR1-a                  GSN__________-PR1-b                  GSN__________-PR1-c
         volume of subsample _____ml          volume of PR1-a _____ml              volume of PR1-b ______ml
         volume of PR1-a _____ml              volume of PR1-b _____ml              volume of PR1-c ______ml
         PR1-a/subsample ________             PR1-b/PR1-a ________                 PR1-c/PR1-b ________
         fraction "a" D/C factor ____         fraction "b" D/C factor ____         fraction "c" D/C factor ____
------------------------------------------------------------------------------------------------------------------
      GSN__________-PR1-a                  GSN__________-PR1-b                  GSN__________-PR1-c
         volume of subsample _____ml          volume of PR1-a _____ml              volume of PR1-b ______ml
         volume of PR1-a _____ml              volume of PR1-b _____ml              volume of PR1-c ______ml
         PR1-a/subsample ________             PR1-b/PR1-a ________                 PR1-c/PR1-b ________
         fraction "a" D/C factor ____         fraction "b" D/C factor ____         fraction "c" D/C factor ____
------------------------------------------------------------------------------------------------------------------
      GSN__________-PR1-a                  GSN__________-PR1-b                  GSN__________-PR1-c
         volume of subsample _____ml          volume of PR1-a _____ml              volume of PR1-b ______ml
         volume of PR1-a _____ml              volume of PR1-b _____ml              volume of PR1-c ______ml
         PR1-a/subsample ________             PR1-b/PR1-a ________                 PR1-c/PR1-b ________
         fraction "a" D/C factor ____         fraction "b" D/C factor ____         fraction "c" D/C factor ____
------------------------------------------------------------------------------------------------------------------
      GSN__________-PR1-a                  GSN__________-PR1-b                  GSN__________-PR1-c
         volume of subsample _____ml          volume of PR1-a _____ml              volume of PR1-b ______ml
         volume of PR1-a _____ml              volume of PR1-b _____ml              volume of PR1-c ______ml
         PR1-a/subsample ________             PR1-b/PR1-a ________                 PR1-c/PR1-b ________
         fraction "a" D/C factor ____         fraction "b" D/C factor ____         fraction "c" D/C factor ____
------------------------------------------------------------------------------------------------------------------
Prepared By: _______(___) __/__/200_   Entered By: _______(___) __/__/200_   Confirmed By: _______(___) __/__/200_

Figure 1. USGS NAWQA Palmer-Maloney fraction preparation bench sheet.
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Protocol P-13-39

Analysis of Diatoms on Microscope Slides Prepared From 

USGS NAWQA Program Algae Samples
Todd Clason, Frank Acker, Eduardo Morales, and Lont Marr

1. PURPOSE

1.1. The U.S. Geological Survey’s (USGS) National Water-Quality Assessment Program
(NAWQA) collects four kinds of algae samples analyzed by the Phycology Section of the
Patrick Center for Environmental Research, ANSP. These include Richest Targeted Habitat
(RTH), Depositional Targeted Habitat (DTH), Qualitative Multihabitat (QMH), and
phytoplankton samples (Porter et al., 1993; Moulton et al., 2002).  This protocol describes
procedures for analyzing diatoms on microscope slides made from all four types of
NAWQA algae samples.

1.2. The purpose of RTH and DTH sample analysis is to estimate the proportion of diatom taxa
found in a count of 600 valves (one-half of an individual diatom cell).  Results are later
combined with those from analysis of the soft-algae component of the same sample
(Protocol P-13-63) to provide data on algal densities (as cells per cm2 of sampling surface)
and amount of algal biovolume (µm3 per cm2 of sampling surface) at a sampling site.

1.3. “The purpose of QMH sample analysis is to identify as many taxa present in the sample as
possible, to provide an accurate and uniform estimate of algal taxa richness in a stream
reach.  An underlying assumption is that although all algal taxa present in a sample (or on a
slide prepared from a sample) will not be identified, most species will be found during a
reasonable search.  If that effort is consistent among taxonomists, results from analyses of
samples and slides will be comparable among analysts and contract laboratories” (Porter
1994).  Unlike an RTH and DTH count, the number of diatoms to be counted is not fixed. 
Instead, the analyst scans the slide until the rate at which new species are encountered, per
100 specimens observed, drops below a defined number, or a time limit is reached.

1.4. The purpose of phytoplankton sample analysis is similar to that of RTH and DTH samples,
except that the quantitative results are expressed in number of cells per volume of water. 
Phytoplankton samples are collected from the water column, using various sampling
techniques and collection devices.

2. SCOPE

2.1. This protocol covers the identification and enumeration of diatom taxa mounted on
microscope slides. Two alternative procedures are described for recording data: 1) use of
the “Tabulator” program (Cotter 2002), and 2) writing on bench sheets followed by data
entry directly into database tables or through use of the “DtmCnt” program.  As of summer
2001, all NAWQA diatom analysts use the “Tabulator” program. For this reason, the
primary methods described here pertain to analyses made using “Tabulator.”  The only
section relating to the “bench sheet” approach lists the data fields that must be entered into
the database for each analysis. Most of the instructions for using “Tabulator” are in the
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User’s Guide (Cotter 2002).  Some of those instructions are summarized here to provide an
overview of the program and to help clarify how it is used in the process of analyzing
NAWQA samples.  Procedures not included in the “Tabulator” manual are described here.

2.2. This procedure is applicable to the analysis of diatoms in algae samples collected by the
RTH, DTH, QMH, and phytoplankton sampling protocols of the USGS NAWQA program. 

2.3. Personnel responsible for these procedures include diatom analysts and data entry
personnel.

2.4. In March 2002, the previous version of this Protocol (RTH and DTH samples only) was
merged with Protocol P-13-61, which described procedures for analysis of NAWQA QMH
samples. 

3. REFERENCES

3.1. Cotter, P.  2002.  “Tabulator” Installation and User’s Guide. Version 3.51.  ANSP, PCER.

3.2. Moulton, S.R., II, J.G. Kennen, R.M. Goldstein, J.A. Hambrook. 2002. Revised protocols
for sampling algal, invertebrate, and fish communities in the National Water-Quality
Assessment program, U.S. Geological Survey Open-File Report 02-150. In Press.

3.3. PCER, ANSP.  2002.    Diatom Cleaning by Nitric Acid Digestion with a Microwave
Apparatus.  Protocol No. P-13-42.

3.4. PCER, ANSP. 2002.  Analysis of Soft Algae and Enumeration of Total Number of Diatoms
in USGS NAWQA Program Quantitative Targeted-habitat (RTH and DTH) Samples.
Protocol P-13-63.

3.5. PCER, ANSP.  2002.    Preparation of Diatom Slides Using Naphrax™ Mounting Medium. 
Protocol No. P-13-49. 

3.6. Porter, S.D.  1994.  Amendment to Guidance, Procedures, and Specifications for
Processing NAWQA Algal Samples by Contract Laboratories.  Email contract reference of
10/19/1994 from Stephen Porter to Allison Brigham of the USGS, Ann St. Armand of
Phycotech, Don Charles and Frank Acker of the Academy of Natural Sciences.

3.7. Porter, S.D., T.F. Cuffney, M.E. Gurtz, M.R. Meador.  1993. Methods for Collecting Algal
Samples as Part of the National Water Quality Assessment Program.  U.S. Geological
Survey Open-File Report 93-409, Raleigh, NC [39 pp}
http://water.usgs.gov/nawqa_home.html..

3.8. United States Geological Survey, National Water-Quality Assessment Program.  1997. 
Protocols for Processing NAWQA Algal Samples.  Draft Manuscript.  February 1997.

4. APPARATUS/EQUIPMENT

4.1. Compound microscope:

4.1.1. Oil immersion objective (100x) with a numerical aperture of  at least 1.3;

4.1.2. Eyepieces of 10-15x;

4.1.3. DIC (differential interference contrast) or bright field condenser;
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4.1.4. Diamond scribe mounted on microscope’s objective stage;

4.1.5. High intensity light source.

4.2. Desktop computer (located at microscope if “Tabulator” program is used):

4.2.1. Pentium II or higher processor;

4.2.2. Software:  “Tabulator”  or “DtmCnt” programs by Patrick Cotter (MS Visual Basic);

4.2.3. Network connection to ANSP Phycology Section databases (ANSP staff only).

5. METHODS

5.1. Diatom counts.

5.1.1. Review the “Diatom Slide Preparation Form” and the “Diatom Slide Analysis Form”
(Figure 1) contained in the “Diatom Analysis” folder and transmitted with the diatom
slides from the Diatom Preparation Lab.  The “Diatom Slide Analysis Form” lists
sample information for each slide it accompanies, and provides space next to each
listed slide to initial and date when a count is finished.  It also serves as a chain-of-
custody record; it must be signed by the person delivering the slides and the person
receiving them.  Make sure that the slides correspond with the entries on the form.
Note and resolve any discrepancies.

5.1.2. Scan slides at low to medium magnification (100x to 450x) to confirm that diatoms
are evenly distributed on the coverslip, and are at a density appropriate for efficient
counting. At high magnification (1000x), there should be between 5-10 diatoms per
field.  If there are problems with dispersion or density that would compromise the
quality and accuracy of the analysis, discuss these with Diatom Preparation Lab
personnel and have new slides made.  Avoid counting diatoms in any disrupted areas
of the mount, particularly edges that have optical aberrations.  If diatoms on the slides
are very sparse, refer to procedures in Protocol No. P-13-49 for handling low-density
samples.  Always save any count data generated for a sample, even if the number of
valves or frustules is low (e.g., <100).

5.1.3. Because slides may need to be recounted for QA/QC purposes, it is very important to
clearly demarcate the areas of a slide scanned during a count. After the preliminary
slide examination, secure the slide in the mechanical stage and use the microscope’s
diamond scribe to etch a horizontal or vertical line (depending on personal preference)
on the coverslip to mark the edge of the first row to be counted.  Rows are narrow
rectangular areas (strips) of the slide adjacent to the scribed line, with width equal to
the field of view. Start rows far enough from the coverslip edge to avoid optical
distortion, and end them near the opposite coverslip edge where diatoms are no longer
clearly visible (see diagram below).  Locate a starting point near one end of the etched
line and make a circle with the scribe.  This denotes the starting point of the count. 
During the count, etch a circle around the last field counted in the first row and at the
beginning and end of all other rows.  Always check to make sure that etching is
clearly visible so that circles and lines can be located easily by others.
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5.1.4. When the line and first field are etched on the coverslip, and the first field is focused
under oil immersion, begin using the “Tabulator” program, following the instructions
in the manual; some steps are summarized below.   After opening the program, the
first screen encountered is the Count Information page. Click the “New” button along
the bottom edge of the page. Most fields will automatically fill with default
information if this is not the first slide in the subproject to be counted; otherwise data
must be added.  Enter data in the fields in the “Slide” box at the top of the form.  Click
the “Verify Slide” button to reconfirm that the slide information is in the database. Fill
in the other fields in the form, including “Frustules or Valves” and “Count Type.”  For
RTH and DTH samples, choose “Valves” and then “600 valves (300 cells).”  For
QMH samples, choose “Frustules” and then “NAWQA Qualitative (diatoms).”  (Note
that the selection in the “Frustules or Valves” box determines the choices available in
the “Count Type” box).  Click the “Save” button.

5.1.5. After the preliminary information is recorded, click the “Count Now” button. Several
small text boxes are displayed to confirm data entry, and then the main “Tabulator”
page appears. Before counting can proceed, select a taxa list from the bottom right
“Choose List” box.  The “Tabulator” manual describes how to create new lists and add
new taxa to existing lists.

5.1.6. Before beginning the count, click the “Note” box in the central portion of the
“Tabulator” window and record the start circle coordinates (numbers on the
microscope stage). Coordinates of the first (and last) field of each row should be
recorded immediately after they are scribed using the following format: “Row 1 x35.2,
y87; y95; Row 2” etc. The x coordinate should only be recorded once for each row.

5.1.7. As the count commences, enter taxa observed using the discrete three-digit codes
established during the taxa list building process. Enter codes with the numeric keypad
on the computer keyboard.  Record multiple examples of a single taxon either with
code: “322 +10 enter,” for example; or by repeated hits of the enter key “322 enter,
enter, etc.” Taxa may also be subtracted by typing the taxon code, followed by a
minus sign and the number to be subtracted: “322 –1 enter,” for example. The
program will signal an alert when the count total, as established by the count type, is
reached (quantitative counts only). 

On average, analysis of a slide should take approximately two hours; in no case should
it exceed four hours. This does not include time spent learning new taxa when
analyzing the first few samples in a new study unit.

5.1.7.1. RTH and DTH analysis.  Count 600 valves.  Count all partial valves that are
more than 50% of the valve or that contain unique features such as recognizable
central areas or distinct ends.  Count all valves and fragments that extend at least
halfway into the field of view. 

5.1.7.2. QMH analysis.  The stopping rule for QMH samples is: “Taxa found on semi-
permanent slides are examined and identified in intervals (groups) of 100
frustules or valves.  When examining the first interval of 100 individuals,
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determine if any taxon constitutes 40 percent or more of the total.  Such
predominant taxa should not be tallied in subsequent intervals.  Examine a
minimum of 10 intervals (1000 individuals).  Continue scanning intervals until
two consecutive intervals have been completed in which two or fewer new taxa
are encountered.  It is unnecessary to scan more than 50 intervals (5000
individuals) per sample.  Record the number of intervals scanned on the
laboratory data sheet” (Porter 1994).  

Use the following procedure for counting QMH samples with the “Tabulator”
program.  Count the first interval as if it were a regular RTH or DTH sample. 
That is, record in “Tabulator” the occurrence of each frustule viewed under the
microscope.  Once the first 100 hundred frustules have been counted, generate an
on-screen report for the count by going to the File menu on the “Tabulator”
screen and selecting Print Count.  From this report, determine if any taxa in the
first interval equaled or exceeded a relative abundance of 40%.  Exclude these
taxa from the remainder of the analysis. Close the on-screen report.  Starting with
the second interval, keep track of the number of frustules by using a hand
counter.  Record occurrence of a new species (species not encountered in the first
interval) in “Tabulator” only once, the first time it is encountered.  Each time an
interval is finished, type “r” and then hit enter on the keyboard to proceed with
the next interval.  A message will appear: “Are you sure you want to end this
interval?.”  Hit yes.   “End Row ?” ( where “?” is the number of the row just
completed), will then appear in the “Count Entries” window.  If the 9th and 10th

intervals contain two or fewer new taxa, then stop the analysis at the end of the
10th interval.  Otherwise, continue the analysis until 2 consecutive intervals are
found for which no more than 2 new species are recorded, up to a maximum of
50 intervals (5000 frustules).

5.1.8. When the count is finished, return to the Count Information page to complete the
boxes “Date Count Finished,” “Scan Length,” and “Hours To Complete.”  Then return
to the “Tabulator” window and print a “Count Report” and check it carefully for
errors.  Make adjustments, if necessary, print a final copy, sign it, and put it in the
“Diatom Analysis” folder.  In “Tabulator,” select “Save Count” from the “File” menu
in the top left of the “Tabulator” window. This saves the count to the underlying
database.  If the count data are not saved before exiting “Tabulator,” the information
will be retained by the program but not added to a database.  To save the data if this
occurs, reopen the “Tabulator” program, enter the required information about the
sample, click “Count Now” to get to the “Tabulator” window, and select “Save
Count” from the “File Menu.” 

Put initials and date on the “Diatom Slide Analysis” form next to the entry for the
slide just counted.  Return it and any other related forms to the “Diatom Analysis”
folder.  Clean slides of immersion oil with alcohol.  When finished analyzing all slides
in a subproject, give the slides and “Diatom Analysis” folder to the Phycology Section
Project Manager.
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5.2.  Biovolume measurements.

5.2.1. NAWQA sample analysis requires biovolume measurements for each taxon occurring
in abundance of 5% or more in any one sample in a study unit.  Criteria for
determining how many measurements to make of each taxon for each NAWQA study
unit changed slightly from the beginning of algal analyses (1995).  The basic rule, as
originally specified by NAWQA, was to make 15 sets of measurements.  As the
number of measurements for taxa accumulated, however, the criterion was changed. 
Since 1999, only 5 additional sets of measurements are required for taxa in new study
units if the range of those 5 sets falls within the range of all previous measurements
from other study units.  If the ranges do not overlap, make a full 15 measurements for
the taxon. Biovolume measurements can be made during the routine process of
counting slides or after all slides for a Subproject have been counted.  It is likely that
criteria for selecting specimens to measure will evolve as the number of measurements
for common taxa accumulates.

5.2.2. Use the form “frmBiovolumeVerification” in the PHYCLGY database to determine
which taxa occur in abundance of 5% or more in samples in a subproject, and
therefore must be measured.  The form also shows the number of measurements that
are already entered in the database, and minimum, maximum and average biovolumes. 
Print the results. To find which slides contain the most specimens of the taxa to be
measured, use the query “qryfind=>5% taxa.”  Print the results.  Both of the above
printouts should be included in the Diatom Analysis folder.

5.2.3. Use the Biovolume Calculation feature of “Tabulator” as a convenient means for
calculating and entering biovolume data directly into the NADED database (ANSP
staff) or the “Tabulator” back-end database (subcontractors).  The BioVol program
can also be used.  It is essentially a stand-alone version of the “Biovolume
Calculation” feature in “Tabulator.”  It is located in
G:\Phycdata\VBAppInstalls\BioVol.

Choose the first microscope slide with taxa to be measured, open the “Tabulator”
program, and enter the “Slide ID.”  Select the “Find Counts” and “Count Now”
buttons, and make the choices necessary to get to the “Tabulator” screen.  Select
“Biovolume Calculation” from the Documentation menu at the top of the “Tabulator”
screen.  The fields labeled Sample ID, Subsample ID, Slide Replicate ID, Microscope,
Lens, and Conversion Factor are automatically filled with information for the slide
you entered.  Drop-down boxes can be used to modify any of this information if
needed.  The Microscope ID, Lens ID and Conversion Factor fields are linked.  As
soon as a given Microscope and Lens are selected from the drop-down box, a
conversion factor for that microscope is shown in the Conversion Factor field.  Since
conversion factors are already stored in a database table accessible to the “Tabulator”
program, and they are used in the calculation of biovolumes, it is extremely important
NOT to make any conversion in the measurements before entering them in the
required field of the Biovolume Calculations form.  Simply enter readings from your
ocular scale directly and as they are!

Enter the NADED Taxon ID for the specimen being measured.  The taxon name field
will fill-in automatically.  Then select the correct shape for the taxon.  If it is already
filled-in, make sure it is correct.  Consult the Biovolume Measurements table in
NADED as a reference source for assigning shapes.  The table contains shape codes
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that have been assigned to taxa in the past. The shape specifies a specific formula to
be used to calculate biovolume.  The measurement fields that must be filled-in for that
shape will appear on the form.  Be sure to enter data for all required dimensions.

The number of measurements made for a taxon are shown in the field labeled “# of
Measurements this session.”  If measurements must be corrected, click the
“Datasheet” button at the bottom of the form and make changes in the appropriate
record. After all measurements for a taxon have been entered, press the “New taxon”
button at the bottom left of the form to begin the process with a different taxon.  When
ready to go to a new slide to make measurements, enter new data in the “Slide” box
and follow same steps described above.

The Biovolume Summary window is a useful feature for keeping track of
measurements and to check that all have been made for a study unit.  It is also useful
for comparing measurements for a taxon with all others made for that taxon.  It is
accessed through the “Edit” menu on the top left of the Biovolume Calculation
window.  Select a subproject in the central menu, click the “Diatom” button to the
right, and all taxa requiring biovolume measurements are displayed. Single taxa can be
selected and double clicked to display biovolume measurements for that taxon over all
subprojects.  This is helpful for determining whether averages of current
measurements fit in the ranges determined for that taxon in other study units.  Again,
reviewing data at this level can prevent significant errors.

5.3.  Specimen documentation.

5.3.1. Requirements for documenting diatom species vary with subproject. In general, circle
new, unknown, unusual and outstanding diatom specimens with a diamond scribe and
image them photographically or with a digital device. This allows comparison with
reference specimens and facilitates examination by specialists.  Use the following two
features, accessible from the Tabulate screen, to assist with documentation. 

5.3.2. Circle specimens.  Click the “Circle” button in the “Tabulation” box in the
“Tabulator” window to activate the New Circle on Slide window.  Values that appear
in the fields for Taxon name, Microscope, Date, and Circler default from the
“Tabulator” screen.  Enter the Circle Number, Horizontal and Vertical Coordinates
(from microscope stage), and both Cover Slip Sector (1-16) and Circle Sector (1-9)
(see illustrations).  These all help document the circle and specimen location. Record
extra information concerning the documentation in the “Note” box, if necessary.  You
can click the “Datasheet” button to review records for existing circles.  

     1   2  3

    
 4   5  6

     7   8  9
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5.3.3. Image specimens.  Click the “Image” button in the “Tabulation” box in the
“Tabulator” window to activate the “Images” window. All data in fields in this
window automatically default to those in the “Tabulator” window, including the name
of the last taxon counted.  If the taxon is not the one you want to document, choose a
different name from the drop down box of the same field. 

Fill in values in fields under the four tabs.

“Subject”  – Taxon name and dimension measurements.  

Add information in the “Length,” “Width/Diameter,” and “Striae Density”
fields, making sure that the measurements are expressed in microns. If your
ocular scale is not 1:1 you must make the necessary conversions.  The boxes
“Quality” and “Public?” can be left untouched since this is information that
will be added by Academy personnel reviewing the image before it is made
available on the Phycology Section's web site. We are currently not using the
“Caption” field and it can be left blank.  Add notes referring to any
characteristic of the taxon being imaged, or any taxonomic problems that you
may have had with it during sample analysis, to the “Notes” field.

“Who, where, when” – Person taking image, location, image device, etc.

Enter the location from which you are working and the “Image Device” you
are using for capturing the image. In the “People” box fill the fields labeled
“Determiner,” “Imager” and “Adder” with the proper information. Most of
these fields, except for “Image Device” will be automatically filled in with
the same data that were entered in the fields in the“Count Information”
screen.

“ANSP Sample”  – Sample identification information

Fields are filled in automatically.

Digital images must be taken following the steps and recommendations given
in the Taxonomic Guidelines document. 

When all information in the "Images" screen is complete, including in the
tabbed boxes, press the "Save Record" button located on the top right
portion. This will save all data in the NADED database. It will also assign
the next available identification number, which will appear in the Image ID
field, in the upper left hand corner.  Record this number for future reference.
At the time the image data are saved, the identification number (e.g.,
IM000027) that is assigned is automatically recorded in the “DigitalImage”
table of the ALGAEIMAGE database in a field called “ImageID.”  A second
field called “ImageFileName” is filled-in at the same time.  It contains the
identification number with the extension “.png” added (e.g., IM000027.png),
which corresponds to the file format used by ANSP to store image files.

Open the imaging program you are using (e.g.,  Photoshop v 5.5) and edit the
image as desired.  Save the image in the “Originals” folder located in
G:\Phycdata\DATABASE\Images\images. Name the file the “Image
FileName” recorded previously.
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5.4. Bench sheets.  Enter data recorded on bench sheets directly into the following fields in the
specified ANSP PHYCLGY database tables or by using the “DtmCnt” program.  As a
quality control measure, data should be entered by someone other than the analyst. The
analyst should then review the entered data to verify that they were entered correctly.  The
“DtmCnt” program is in G:\Phycdata\VBAppInstalls\DtmCnt.

5.4.1. Table “Diatom Count Information” has several fields that must be entered
(mandatory), some that should be entered if data are available (optional), some that
will be added later (verification) and several that should be skipped (not applicable):

5.4.2. Sample identifiers are mandatory:  Sample ID, SubSample Replicate ID, Slide
Replicate,  and Count Replicate ID.

5.4.3. Count Type is mandatory and is “17” for RTH,  DTH and phytoplankton samples,
and “33” for QMH samples.

5.4.4. Taxonomy ID is mandatory and can be looked up in the “Taxonomy Number” table.

5.4.5. Frustules?  (Or Valves) is mandatory.  It is “No” for RTH, DTH, and phytoplankton
samples and “Yes” for QMH samples.

5.4.6. Worker ID is mandatory, is the ID of the diatom analyst and can be looked up in the
“Worker Name” table.

5.4.7. Worker Address ID is mandatory and can be looked up in the “Worker Address”
table.

5.4.8. Date Count Started is optional.

5.4.9. Date Count Finished is mandatory.

5.4.10. Date Count Verified is for verification.

5.4.11. Total Time is mandatory, and refers to the time necessary for the count.

5.4.12. Verifier Worker ID is for verification and refers to the Worker ID of the person who
verifies that the entered count data represents the actual data from the count.

5.4.13. Source Data Form is mandatory and can be looked up in the “Source Data Form”
table.

5.4.14. Diatom Analysis Form ID is optional and refers to the code for form used to track the
diatom analysis procedure.

5.4.15. Diatom Count Footnote is not applicable.

5.4.16. Number Counted is mandatory for RTH,  DTH, and PP samples and should be near
“600.”  For QMH samples it is optional, and refers to the number of frustules scanned
during the procedure.

5.4.17. Corresponding H2O Sample is not applicable.

5.4.18. Validated is for verification.

5.4.19. Taxa Notes is mandatory.

5.4.20. Microscope ID is mandatory and can be looked up in the “Microscopes” table.

5.4.21. Lense ID is mandatory and can be looked up in the “Microscope Lenses” table.
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5.4.22. Magnification Changer is mandatory and refers to the amount of magnification from
auxiliary lenses (enter 1 if a magnification changer was not used).

5.4.23. Scan Length is mandatory and refers to the total length of the scan (in mm) during the
analysis.

5.5.For each diatom species encountered, create a record in the “Diatom Count” table for RTH,
DTH and phytoplankton samples, and in the “Diatom Count Qualitative” table for QMH
samples. Add data to the following fields:

5.5.1. Sample Identifiers as in section 5.4.2:  Sample ID, Subsample ID, Slide Replicate
ID and Count Replicate ID.

5.5.2. TaxonID is the NADED number for the observed taxon.

5.5.3. NumberCounted is the number of valves enumerated for RTH and DTH samples; for
QMH samples it is the number of frustules observed in the 1st 100-frustule interval.

5.5.4. NumberCells is the same as NumberCounted for diatom analyses.  This field is not
used for QMH samples; leave blank.

5.5.5. TaxaNote is “Yes” or “No” depending whether there was a taxa note concerning this
taxon.

6. QUALITY ASSURANCE/QUALITY CONTROL

6.1. Sample and slide quality can affect the outcome of these procedures.  Minor deviations
that do not affect the area scanned or number of specimens observed should be described
on bench sheets or in the Note portion (click the “Note” button) of the “Tabulator”
program.  Other deviations should be discussed with the Phycology Section Project
Manager for inclusion in the project QA/QC notes.

6.2. This protocol will be carried out under the general provisions of section 5.4. of ANSP,
PCER (2000): “Algal Research and Ecological Synthesis for the USGS National Water
Quality Assessment (NAWQA) Program. Draft Quality Assurance Project Plan.” 
According to this plan, “A total of 10% of the samples collected from each study unit will
be analyzed for quality control.  There will be two types of QA/QC analyses: a re-count
of a diatom slide (taxa harmonization count or THC) and a complete re-processing and
re-count of the chosen QA/QC sample (replicate subsample count or RSC).  The THCs
will be performed on diatom samples only while the RSCs will be performed on both
diatom and non-diatom samples.” 
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Protocol P-13-51

Analysis of Soft Algae in USGS NAWQA Program Qualitative
Multihabitat (QMH) Samples

Frank Acker

1. PURPOSE

1.1. The U.S. Geological Survey’s (USGS) National Water-Quality Assessment Program
(NAWQA) collects several types of algal samples including “Qualitative Multihabitat”
(QMH) samples.  The QMH samples represent a composited algal collection from the
majority of micro-habitats in a defined sampling zone, reach or station.  This protocol
describes a procedure for analyzing the soft algal component of QMH samples.

 1.2. “The purpose of QMH sample analysis is to identify as many taxa present in the sample as
possible, to provide an accurate and uniform estimate of algal taxa richness in a stream
reach.  An underlying assumption is that although all algal taxa present in a sample (or on a
slide prepared from a sample) will not be identified, most species will be found during a
reasonable search.  If that effort is consistent among taxonomists, results from analyses of
samples and slides will be comparable among analysts and contract laboratories” (Porter,
1994).

1.3. This is a qualitative procedure designed to produce a comprehensive list of algal taxa,
exclusive of diatoms, for QMH samples.

2. SCOPE

2.1. Algal samples are examined and the algae species encountered are identified to lowest
possible taxonomic level and recorded.

2.2. This procedure is applicable to the analysis of the soft-algal component of samples
collected by the QMH sampling protocol of the USGS NAWQA Program.  Refer to
Procedure No. P-13-39 for a complete discussion of qualitative diatom analysis.

2.3. Personnel responsible for these procedures include the periphyton analysts and those
involved in data entry. 

3. REFERENCES

3.1. Moulton, S.R., II, J.G. Kennen, R.M. Goldstein, J.A. Hambrook. 2002. Revised protocols
for sampling algal, invertebrate, and fish communities in the National Water-Quality
Assessment program, U.S. Geological Survey Open-File Report 02-150. In Press.

3.2. PCER, ANSP.  2002.  Analysis of Diatoms in USGS NAWQA Program Quantitative
Targeted-Habitat (RTH and DTH) Samples.  Protocol No. P-13-39.

3.3. Porter, S.D.  1994.  Amendment to Guidance, Procedures, and Specifications for
Processing NAWQA Algal Samples by Contract Laboratories.  Email contract reference of
10/19/1994 from Stephen Porter to Allison Brigham of the USGS, Ann St. Armand of
Phycotech, Don Charles and Frank Acker of the Academy of Natural Sciences.
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3.4. Porter, S.D., T.F. Cuffney, M.E. Gurtz, M.R. Meador.  1993. Methods for Collecting Algal
Samples as Part of the National Water Quality Assessment Program.  U.S. Geological
Survey Open-File Report 93-409, Raleigh, NC [39 pp]
http//water.usgs.gov/nawqa/nawqa_home.html.

3.5. United States Geological Survey, National Water-Quality Assessment Program.  1997. 
Procedures for Processing NAWQA Algal Samples.  Draft Manuscript.  February 1997.

4. DEFINITIONS

4.1. Macroalgae.  A soft-algae component of the QMH samples that consists of visible colonies
or filaments. 

4.2. Microalgae.  A soft-algae component of the QMH samples that consists of forms that are
not visible without the aid of a microscope.

5.  APPARATUS/EQUIPMENT

5.1. Compound microscope with 40-45x and 100x oil immersion objectives and a total system
magnification of 400-450x and 900-1000x, respectively. In addition, a photography system,
either film or digital camera, is needed to document new taxa.

5.2. Glass microscope slides and coverslips.

5.3. Small, flat dishes or trays (e.g., weighing trays, 2-4 inches in diameter).

5.4. Pasteur pipettes.

5.5. Dissecting needles.

5.6. Forceps, very fine.

5.7. Pre-printed bench sheets, “Periphyton Community Composition (USGS NAWQA
Qualitative Multihabitats QMH) (Figure 1).”

6.  METHODS

6.1. The analysis of the soft algal component of QMH samples consists of identifying the
predominant filamentous and other colonial forms in the macroalgae sample and
identifying all taxa in the microalgae sample until few new forms are encountered.

The results of these analyses will potentially be compared with those from samples
collected in other areas of the United States.  It is therefore important that the level of effort
be similar for all samples so that results will be comparable.  With the exception of time
spent learning new floras, this analysis should be finished in approximately 2 h, on average,
sometimes in 3, and never in more than 4 h.  Species rich samples will take longer than
samples with few soft-algae taxa. If these time limits are being exceeded consistently, it
must be reported to the project managers and noted on the bench sheets as a protocol
deviation.
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6.2. Macroalgae.

6.2.1. Place each sample in a small flat tray or dish.  This makes it easier to separate and
select the macroalgal forms (filaments and other colonies).

6.2.2. Prepare a wet mount from a piece of each visible macroalgal form.  Use dissecting
needle and forceps to transfer algal material to a microscope slide; place cover slip on
top of material.

6.2.3. Identify forms to the lowest taxonomic level possible and record on a bench sheet. 
Record notes to document the visible colony shapes, especially those of colonial
diatoms.

6.2.4. Document each new taxon by taking a film or digital image.  Each analyst must take
an image of each taxon the first time they encounter it in NAWQA samples, unless
they know that at least one suitable image has been taken by another analyst.  Also,
take images occasionally of good specimens that help document the range of
variability of a taxon.  It is helpful to separate and save specimens of whole colonial
forms in small, labeled vials for future reference.

6.3.  Microalgae.

6.3.1. Prepare a wet mount. Try to get as many divergent forms on the slide as possible.

6.3.2. Identify all algal taxa encountered on the slide (and record on a bench sheet) until a
period of 5 minutes has elapsed during which no new taxa are found.

6.3.3. Prepare a new wet mount and repeat the process.  Examine additional wet mounts
until two consecutive mounts are completed on which two or fewer new taxa are
encountered.  Record the number of wet mounts examined on the data sheet.

6.3.4. Take photographs (color slides) or digital images of each form for the project
reference collection, as done for macroalgae (see above).

6.4. Data entry.  Enter data from these procedures (listed on bench sheets) in the following two
tables of the PHYCLGY database.

6.4.1. Table “Non Diatom Count Information.”  There is one record for each analysis.  Enter
the following fields for each record:

6.4.1.1. Sample ID, SubSample ID, Replicate ID, Palmer-Maloney Fraction ID and
Count Replicate ID describe the specific sample and fraction used. Note: the
Palmer-Maloney Fraction ID is “q” for qualitative samples.

6.4.1.2. Count Type =  “32” for these types of analyses.

6.4.1.3. Worker ID and Worker Address ID are codes for the analyst.  These are listed
on the bench sheets. 

6.4.1.4. Date Count Finished, Bench Sheet ID, Microscope ID and Lens ID are found
on the bench sheet and are mandatory for each analysis.

6.4.1.5. Number of Fields, Palmer-Maloney Field Volume, Total Time, Analysis
Form ID, Number Counted and Corresp H2O Sample are not required or not
applicable.

6.4.1.6. Mag Changer should be entered, if applicable, or if not applicable, =1.
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6.4.1.7. Count Notes is “Y” or “N” depending on whether there is a count note
associated with the analysis.

6.4.1.8. Validated, Validated By and Date Count Validated are entered, preferably by
the analyst after verification of data entry. 

6.4.2. Table “Non Diatom Count Qualitative.”  There is one record for each taxon observed
during the analysis.  Enter the following fields for each record:

6.4.2.1. Entry Order is automatically incremented as data are entered.

6.4.2.2. Sample ID, SubSampleID, P-MFractionID and Count Replicate ID
describe the sample and fraction used in the analysis.

6.4.2.3. TaxonID is the NADED Taxon Code for the taxon being entered for this
type of analysis.

6.4.2.4. TaxaNote is “Y” or “N” depending on whether there is a taxa note for this
particular taxon in this analysis.
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Figure 1.  Periphyton community composition bench sheet.
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Figure 1 (continued).  Periphyton community composition bench sheet.



ANSP Protocols for Analysis of NAWQA Algae Samples Protocol P-13-63

Patrick Center for Environmental Research 79

Protocol P-13-63

Analysis of Soft-Algae and Enumeration of Total Number of Diatoms in
USGS NAWQA Program Quantitative Targeted-Habitat (RTH and DTH)

Samples
Frank Acker

1. PURPOSE

1.1. The U.S. Geological Survey’s (USGS) National Water-Quality Assessment Program
(NAWQA) collects two kinds of quantitative algae samples analyzed by the Phycology
Section of the Patrick Center for Environmental Research, ANSP;  RTH (Richest Targeted
Habitat) samples and DTH (Depositional Targeted Habitat) samples.  This protocol
describes a quantitative procedure for analyzing the soft-algal component of samples
collected with either the DTH or RTH protocol. 

1.2. This procedure is quantitative and designed to provide data on algal densities (as cells per
cm2 of sampling surface) and amount of algal biovolume (µm3 per cm2 of sampling surface)
at a sampling site.

2. SCOPE

2.1. This protocol describes procedures for identification, enumeration, documentation, and
measurement of soft- algae.  It also describes procedures for recording data and entering
data into computer applications.

2.2. This procedure is applicable to the analysis of the soft-algal component of samples
collected by the DTH and RTH sampling protocols of the USGS NAWQA program. A
similar protocol (P-13-39) describes the procedures for analyzing the diatom component of
DTH and RTH samples.

2.3. Personnel responsible for these procedures include the soft-algae analysts and those
involved in data entry. 

3. REFERENCES

3.1. Palmer, C.M. and T.E. Maloney.  1954. A new counting slide for nannoplankton. 
American Society of Limnology and Oceanography Special Publication Number 21.  6 pp.

3.2. PCER, ANSP.  2002.  Analysis of Diatoms in USGS NAWQA Program Quantitative
Targeted-Habitat (RTH and DTH) Samples.  Protocol No. P-13-39.

3.3. United States Geological Survey, National Water-Quality Assessment Program.  1997. 
Procedures for Processing NAWQA Algal Samples.  Draft Manuscript.  February 1997.

3.4. Weber, C.I.  1973.  Biological Field and Laboratory Methods for Measuring the Quality of
Surface Waters and Effluents.  EPA-670/4-73-001.  National Environmental Research
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4. DEFINITION

4.1. Natural counting unit.  Each natural grouping of algae (i.e., each individual filament, 
colony, or isolated cell) is defined as a natural counting unit.  Diatoms are an exception;
each diatom cell is always considered a natural counting unit, even if attached to other
cells.  The main purpose of using 'natural counting units' is to prevent a colonial or
filamentous form from dominating a count.  It also facilitates the counting of algal forms
which have linked cells that may be hard to distinguish. 

5. APPARATUS/EQUIPMENT

5.1. Compound microscope with 40-45x objectives for a total system magnification of 400-
450x, and mechanical stage. 

5.2. Palmer-Maloney Counting Cells with ceramic chamber, chamber depth of 0.4 mm and
volume of 0.1 ml.

5.3. Glass microscope cover slips, rectangular, 22 x 50 mm, #1 thickness.

5.4. Pasteur pipettes, 5.25 inch.

5.5. Rose Bengal dye, dissolved in 90% acetone.

5.6. Mechanical tabulator, 8 to 10 positions.

5.7. Pre-printed bench sheets, “Periphyton Community Composition Bench Sheet, USGS
NAWQA Quantitative Richness and Depositional Targeted Habitats” (Figure 1) and “Algal
Biovolume Measurements” (Figure 2).

5.8. “Biovol” program (Visual Basic application installed on analysts computer).

6. METHODS

6.1. Prepare Palmer-Maloney counting cell.  

6.1.1. Spread a small drop of Rose Bengal solution on the base of the chamber of a clean
Palmer-Maloney counting cell and let dry.  If it is thick (“cake-like”) or uneven, clean
and repeat.

6.1.2. Place a rectangular cover slip (#1 thickness, 22 x 50 mm) at 45° to the counting cell,
covering about 1/3 of the chamber, but not across the center of the cell.  

6.1.3. Thoroughly mix the Palmer-Maloney fraction and draw it into an elongated Pasteur
pipette (5.25 inch; about 1-1.3mm inside diameter). Quickly add the fraction drop-
wise into the center of the chamber.  When the surface tension starts to draw the cover
slip across the chamber, adjust the sides of the cover slip so that the ends of the
chamber are covered and the cover slip hangs over both sides of the ceramic portion of
the counting cell.

6.1.4. Add glycerin to the area where the cover slip hangs over the ceramic portion.  This
seals the cover slip to the counting cell temporarily. Without excess heat or vibration,
the counting cell can be used for a week or more. 
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6.2. Choose to count random fields or along transects.   Select one of the two options below. 
Neither one is preferred over the other.

6.2.1. Determine random fields:  Using a compound microscope (40-45x objective, 400-
450x total system magnification), identify and enumerate algae in selected, random
fields.  From each Palmer-Maloney counting cell, between 8 and 50 fields can be
enumerated; use a second counting cell, if necessary.  Choose a random starting place
in the upper left-hand quadrant of the counting cell and approximate the number of
fields that must be analyzed (300 natural units need to be counted with a minimum of
8 and maximum of 100 random fields).  Develop a pattern that allows for equal
probability of landing in any area of the chamber with the exception of the edges and
the center.  A maximum pattern with 50 fields is made by having a grid of 8 x 8,
subtracting 3 or 4 fields in either direction of the center.  

6.2.2. Determine transects:  Using a compound microscope (40-45x objective, 400-450x
total system magnification) with a calibrated stage, identify and enumerate algae along
transects, either horizontally or vertically across the chamber of the Palmer-Maloney
cell.  Without looking into the microscope, choose a location near the left edge in the
upper third of the chamber in the Palmer-Maloney cell (if vertical transects are
analyzed, choose a location near the top edge in the left third of the chamber). Make a
transect by moving only the horizontal stage control (or vertical control for vertical
transects) a measured distance. Develop a pattern for the transects that will avoid the
center and edges of the Palmer-Maloney cell chamber.  A second Palmer-Maloney cell
can be used, if necessary (300 natural units need to be counted with a minimum of 1
complete transect).

6.3. Enumerate 300 natural counting units.  With the exception of time spent learning new
floras, this analysis should be finished in approximately 1-2 and no more than 4 hours.  If
these time limits are being exceeded consistently, inform the Phycology Section Project
Manager.

6.3.1. Using the pattern developed above (section 6.2.), move the microscope stage to a new
position in the pattern. Make all movements of the microscope stage without looking
through the objectives. 

6.3.2. Identify and enumerate all algal forms in the field of view: Enumerate algal forms
using natural counting units.  Natural units are defined as one for each colony,
filament, diatom cell (regardless if colonial or filamentous) or unicell.  With the
exception of diatoms, identify algal forms to the lowest possible taxonomic level. 
Differentiate diatoms to the lowest practical taxonomic level.  This will usually be
genus, but use of categories like naviculoid, cymbelloid, centric, nitzschoid is
appropriate.

6.3.3. Categorize diatoms as either “living” or “dead” at the time of collection, and quantify
them separately.  If there is any protoplast material in the frustule (usually stained
reddish by the  Rose Bengal), the diatom is considered to have been living when
collected.

6.3.4. Count the number of algal cells comprising each multicellular counting unit. 

6.3.5. Tabulate the data on a bench sheet or mechanical tabulator.
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6.3.6. Repeat steps 6.3.1, 6.3.2 and 6.3.4 until 300 natural counting units have been
enumerated.  Count only “living” diatoms as part of the required 300 natural algal
units.

6.3.7. Add and record the tallies of each taxon on the bench sheet.  Record the number of
cells for multicellular counting units in parenthesis beside the tally of natural counting
units.  Within both the “living” and the “dead” categories of diatoms, sum all valves
counted and record as “undifferentiated diatoms” (undifferentiated “living” and
undifferentiated “dead”).

6.3.8. Record the number of fields or total length of the transect for the area that was
observed.

6.4. Measure cell biovolumes.  For each group of samples, measure the dimensions of the taxa
that contribute most to sample biovolume. 

6.4.1. Determine the taxa that need biovolume measurements by listing all the
species in the samples collected in a NAWQA study unit that have accounted
for 5% or more of a sample count.

6.4.2. For each taxon requiring biovolume measurements, select a simple geometric
figure matching the shape of the taxon as best as possible, and determine the
dimensions that must be measured.  Record this information on a bench sheet
“Algal Biovolume Measurements” (Figure 1), one sheet per taxon.

6.4.3. Measure and record the dimensions of at least five specimens.  If these
measurements are not in the range of previous measurements, measure
additional specimens until 15 specimens have been measured from the study
unit.  No more that five specimens should be measured from a single sample.

6.5. Data entry.  Enter data recorded on the bench sheets into the following three tables of the
PHYCLGY database. 

6.5.1. Table “Non Diatom Count Information.”  There is one record for each analysis.  Enter
the following fields for each record:

6.5.1.1. Sample ID, SubSampleID, Replicate ID, Palmer-Maloney Fraction ID and
Count Replicate ID describe the specific sample and fraction used.

6.5.1.2. Count Type = “31” for these types of analyses.

6.5.1.3. Worker ID and Worker Address ID are codes for the analyst.  These are listed
on the bench sheets.

6.5.1.4. Date Count Finished,  Bench Sheet ID, Microscope ID, Lens ID, Palmer-
Maloney Field Volume and Number Fields are found on the bench sheet and
are mandatory for each analysis.

6.5.1.5. Total Time, Analysis Form ID, Number Counted and Corresp H2O Sample
are not required or not applicable.

6.5.1.6. Mag Changer should be entered if applicable or if not applicable, = 1.

6.5.1.7. Count Notes is “Y” or “N” depending if there is a count note associated with the
analysis.
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6.5.1.8. Validated, Validated By and Date Count Validated will be entered, usually by
the analyst after verification of data entry.

6.5.2. Table “Non Diatom Count.”  There is one record for each taxon observed during the
analysis.  The following fields are entered for each record:

6.5.2.1. Entry Order is automatically incremented as data are entered.

6.5.2.2. SampleID, SubSampleID, P-MFractionID, CountReplicateID describe the
sample and fraction used in the analysis.

6.5.2.3. TaxonID is the NADED Taxon Code for the taxon being entered.

6.5.2.4. The NumberCounted field represents the number of natural units enumerated. 
The NumberCells is the total of number of cells for the specimens enumerated. 
The NumberCells is equal to the NumberCounted for diatoms and forms that
are unicellular.  For diatoms, enter only data for “living” undifferentiated diatoms
(NADED Taxon Code 249999).

6.5.2.5. The RowNumber is not entered for these analyses.

6.5.2.6. TaxaNote is “Y” or “N” depending if there is a taxa note for this particular taxon
in this analysis.

6.5.3. Add cell dimension measurements to the table “Biovolume Measurements” in the
NADED database.  Start the application “BioVol” (current version is 1.0.4) and enter
data from the attached paper form “Algal Biovolume Measurements.” Data are added
by “BioVol” directly to the NADED table.

7. QUALITY ASSURANCE AND QUALITY CONTROL

7.1. This protocol will be carried out under the general provisions of section 5.4. of ANSP,
PCER (2000), “Algal Research and Ecological Synthesis for the USGS National Water
Quality Assessment (NAWQA) Program. Draft Quality Assurance Project Plan.” 
According to this plan, “A total of 10% of the samples collected from each study unit will
be analyzed for quality control.  There will be two types of QA/QC analyses: a re-count of
a diatom slide (taxa harmonization count or THC) and a complete re-processing and re-
count of the chosen QA/QC sample (replicate subsample count or RSC).  The THCs will be
performed on diatom samples only, while the RSCs will be performed on both diatom and
non-diatom samples.”  Quantitative comparisons among counts are based largely on
Jaccard’s Index and Percent Similarity.
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Figure 1.  Periphyton community composition bench sheet, USGS NAWQA Quantitative Richness
and Depositional Targeted Habitats.
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Figure 1 (continued).  Periphyton community composition bench sheet, USGS NAWQA Quantitative
Richness and Depositional Targeted Habitats.



NAWQA Laboratory Protocol Manual Protocol P-13-63

The Academy of Natural Sciences
Patrick Center for Environmental Research

Phycology Section

                                           ALGAL BIOVOLUME MEASUREMENTS

Algal Species Name: ________________________________________________________   Species Code: _____________
Formula: BV (in Fm3) = _________________________ Shape Code (    )
   where:                                                                                                  
         a= _______________   b= _______________                                                           
         c= _______________   d= _______________                                                           
         e= _______________   f= _______________                                                           
         g= _______________   h= _______________                                                                     
                                                                                              
                                                                                            

Measurements: Values represent the number of ocular micrometer units for microscope/lense noted below.

    Sample ID         a     b     c     d     e     f     g     h  
  Literature*       _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                   GSN_______-PR1-__   _____ _____ _____ _____ _____ _____ _____ _____
                        * Reference: _____________________________________________________

Microscope ID: ______________    Lense ID: ________________    Ocular Micrometer Conversion: ______F/unit
Cells Measured By: _______________ ___/___/200__   Worker ID: _____    Address ID: _____

Data Entry By: ___________________ ___/___/200__   Worker ID: _____    Address ID: _____
Confirmed By: ____________________ ___/___/200__   Worker ID: _____    Address ID: _____

Figure 2.  Algal biovolume measurements form.



ANSP Protocols for Analysis of NAWQA Algae Samples Protocol P-13-52

Patrick Center for Environmental Research 87

Protocol P-13-52

Analysis of USGS NAWQA Program Phytoplankton Samples
Frank Acker

1. PURPOSE

1.1. The U.S. Geological Survey’s (USGS) National Water-Quality Assessment Program
(NAWQA) samples phytoplanktonic algae by collecting whole-water samples (Porter et al.
1993, Moulton et al. 2002).  This protocol describes quantitative procedures for analyzing
the soft-algal component of phytoplankton and counting the total number of diatoms.

1.2. This procedure is quantitative and designed to provide data on algal densities (as cells per
ml) and amount of algal biovolume (Fm3 per ml) at a sampling site.  These data can be
compared with data from other sampling sites in the NAWQA program throughout the
United States.  A similar protocol (P-13-39) describes the procedures for analyzing the
diatom component of phytoplankton samples.

2. SCOPE

2.1. This protocol is applicable to the analysis of the soft-algal component of whole-water
phytoplankton samples collected by the USGS NAWQA program.  It includes procedures
for identification (to lowest possible taxon level) and enumeration of algal species, taking
measurements of the dimensions of some species for biovolume determinations, and
recording of all data. 

2.2. Personnel responsible for these procedures include sample preparers, phytoplankton
analysts and those involved with data entry.

2.3. Two methods for identifying and counting phytoplanktonic algae are described: 1) using an
inverted microscope and a modified Utermöhl sedimentation technique (Hasle 1978), and
2) using Palmer-Maloney counting cells. 

3. REFERENCES

3.1. Hasle, G.R.  1978.  The inverted-microscope method.  Chapter 5.2.1 in Phytoplankton
Manual.  A. Sournia, ed.  United Nations Educational, Scientific and Cultural Organization. 
Paris.  337 pp.

3.2. Moulton, S.R., II, J.G. Kennen, R.M. Goldstein, J.A. Hambrook. 2002. Revised protocols
for sampling algal, invertebrate, and fish communities in the National Water-Quality
Assessment program, U.S. Geological Survey Open-File Report 02-150. In Press.

3.3. Palmer, C.M. and T.E. Maloney.  1954. A new counting slide for nannoplankton. 
American Society of Limnology and Oceanography Special Publication Number 21.  6 pp.

3.4. PCER, ANSP.  2002.  Analysis of Diatoms in USGS NAWQA Program Quantitative
Targeted-Habitat (RTH and DTH) Samples.  Protocol No. P-13-39.
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3.5. PCER, ANSP. 2002. Preparation of Algal Samples for Analysis Using Palmer-Maloney
Cells. Protocol P-13-50.

3.6. PCER, ANSP. 2002. Subsampling Procedures for USGS NAWQA Program Periphyton
Samples. Protocol P-13-48.

3.7. Porter, S.D., T.F. Cuffney, M.E. Gurtz, M.R. Meador.  1993. Methods for Collecting Algal
Samples as Part of the National Water Quality Assessment Program.  U.S. Geological
Survey Open-File Report 93-409, Raleigh, NC [39 pp]
http//water.usgs.gov/nawqa/nawqa_home.html.

3.8. United States Geological Survey, National Water-Quality Assessment Program.  1997. 
Procedures for Processing NAWQA Algal Samples.  Draft Manuscript.  February 1997.

3.9. Weber, C.I.  1973.  Biological Field and Laboratory Methods for Measuring the Quality of
Surface Waters and Effluents.  EPA-670/4-73-001.  National Environmental Research
Center, Office of Research & Development, U. S. Environmental Protection Agency. 
Cincinnati, OH.  

4. DEFINITIONS

4.1. Aliquot. Is defined as a portion of a liquid sample or subsample.

4.2. Fraction.  During algal analysis, an aliquot of the soft-algae subsample is used in a
counting chamber (use of Palmer-Maloney and Utermöhl chambers are described here). 
Prior to analysis, the subsample may be concentrated or diluted forming additional
solutions from which an aliquot can be taken.  We have adopted the term “fraction” to
identify the specific solutions that can be analyzed in counting chambers.  We identify the
original soft-algae subsample as fraction “a;” subsequent solutions, in their own containers,
are identified as “b,” “c,” etc.

4.3. Natural Counting Unit.  Each natural grouping of algae (i.e., each individual filament, 
colony, or isolated cell) is defined as a natural counting unit.  Diatoms are an exception;
each diatom cell is always considered a natural counting unit, even if attached to other
cells.  The main purpose of using 'natural counting units' is to prevent a colonial or
filamentous form from dominating a count.  It also facilitates the counting of algal forms
which have linked cells that may be hard to distinguish.

5. APPARATUS/EQUIPMENT

5.1. Compound microscope with 10-15x, 40-50x and 90-100x objectives. Objectives are
mounted below the stage for the inverted microscope method. 

5.2. Settling chambers with 10-ml settling tubes.  There are several basic varieties of the
Utermöhl sedimentation chambers including: (1) the tubular variety (e.g., HydroBios
Tubular Plankton Chamber) consisting of a threaded, fitted base with a round cover slip
(#1, 27.5 mm diameter) base plate, and (2) the combined plate chamber variety (e.g.,
PhycoTech Utermöhl Counting Chamber) consisting of a plexiglass base unit with a round
cover slip (#1, 27.5 or 25.1 mm) base plate and thick glass (0.2 mm) cover plate.

5.3. Pre-printed laboratory bench sheets including “USGS NAWQA Palmer-Maloney Fraction
Preparation Bench Sheet” (See Protocol No. P-13-50), “Phytoplankton Community
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Composition Bench Sheet (USGS NAWQA Program)” (Figure 1), and “Algal Biovolume
Measurements” form (see Figure 2, Protocol P-13-63).

5.4. 20-ml vials with screw top caps.

5.5. Mechanical tabulator, 8 to 10 positions.

5.6. Palmer-Maloney counting cells with ceramic chamber, chamber depth of 0.4 mm and
volume of 0.1 ml.

5.7. Glass microscope cover slips, rectangular, 22 x 50mm, #1 thickness.

5.8. Pasteur pipettes, 5.25 inch.

5.9. Rose Bengal dye, dissolved in 90% acetone.

6. METHODS

6.1. Choose Analysis Method.  Both analysis methods, inverted microscope and Palmer-
Maloney counting cell, result in similar counts when used correctly.  The inverted scope is
better when the original sample volume is limited (i.e., less than 400 ml) because high
numbers of cells are needed for the Palmer-Maloney counts.  Detritus, a problem with both
techniques, is especially troublesome for the inverted microscope method.

6.2. Pre-Concentrate Subsamples.  For both techniques, the original sample should usually be
concentrated prior to settling in the Utermöhl chamber or adding to a Palmer-Maloney cell. 
This initial concentration should be approximately 5-10 times the original whole-water
sample, leaving about 20 ml of concentrate for analysis.  Samples are concentrated by
settling and decanting (settle for at least 2 days) or by centrifugation (1000 g for 20 min). 
It is important to measure and record the original and final volumes, before and after
concentration.  In the USGS NAWQA Program, this step is usually performed during the
subsampling procedure, using the “NAWQA Sample Volume/SubSample Form” (see
Protocol P-13-48).   This concentrated sample is then divided into at least two subsamples –
one for soft-algae or phytoplankton analysis and one for diatom analysis.  Phytoplankton
analysis using Palmer-Maloney counting cells involves the preparation of “fractions” prior
to analysis (Protocol P-13-50).  The aliquots placed in the Utermöhl chamber are
considered the “fractions,” and volume, dilution or concentration data are included in the
“Palmer-Maloney Fractions” table (accessible via the PHYCLGY database). 

6.3. Prepare Palmer-Maloney Counting Cell.

6.3.1. Spread a small drop of Rose Bengal solution on the base of the chamber of a clean
Palmer-Maloney counting cell and let dry. 

6.3.2. Place a rectangular cover slip (#1 thickness, 22 x 50 mm) at 45E to the counting cell,
covering about 1/3 of the chamber, but not across the center of the cell.  

6.3.3. Thoroughly mix the Palmer-Maloney fraction and draw it into an elongated Pasteur
pipette (5.25 inch). Quickly add the fraction drop-wise into the center of the chamber. 
When the surface tension starts to draw the cover slip across the chamber, adjust the
sides of the cover slip so that the ends of the chamber are covered and the cover slip
hangs over both sides of the ceramic portion of the counting cell. Then add glycerin to
the area where the cover slip hangs over the ceramic portion.  This seals the cover slip
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to the counting cell temporarily; without excess heat or vibration, the counting cell can
be used for a week or more. 

6.4. Prepare Utermöhl Sedimentation Chamber.

6.4.1. Attach a glass cover glass to the bottom of an Utermöhl sedimentation chamber.  For
tubular varieties of settling chambers, seal a cover glass to the threaded end of the tube
and screw the tube into the base assembly.  Assemble the plate chamber type of
settling chambers by sealing a cover glass on the bottom of the base, locking it into
place with the metal ring, and sealing the cylinder on top of the base.  Use a light
amount of vacuum grease to seal the cover glasses and cylinders.  It is critical that the
cover glass be clean and grease-free.  

6.4.2. Homogenize the concentrated samples by repeatedly inverting the sample bottle. 
Place a 10-ml aliquot of the sample into the assembled settling chamber.

6.4.3. Let the sample settle for at least 8 hours.

6.4.4. For the plate chamber type of Utermöhl chamber, drain the volumetric cylinder by
sliding over the drainage hole.  Slide the cover plate over the chamber without
allowing air bubbles to form.   Analysis should proceed within a few hours of
removing the cylinder.

6.5. Choose to count random fields or along transects.  Both methods (inverted microscope
and Palmer-Maloney counting cell) involve counting phytoplankton cells in a chamber, by
counting either random fields or along transects.  Choose one of the following.

6.5.1. Determine random fields:  Using a high dry microscope objective (40-45x objective,
400-450x total system magnification), identify and enumerate algae in selected,
random fields.  From each Palmer-Maloney counting cell or Utermöhl chamber,
enumerate between 8 and 50 fields; use a second counting cell or sedimentation
chamber, if necessary.  Choose a random starting place in the upper left-hand quadrant
of the counting cell and approximate the number of fields that must be analyzed (300
natural units need to be counted with a minimum of 8 and maximum of 100 random
fields).  Develop a pattern that allows for equal probability of landing in any area of
the cell or chamber with the exception of the edges and the center. A maximum
pattern with 50 fields is made by having a grid of 8 x 8, subtracting 3 or 4 fields in
either direction of the center.  

6.5.2. Determine transects:  Using a high dry microscope objective (40-45x objective, 400-
450x total system magnification) with a calibrated stage, identify and enumerate algae
along transects, either horizontally or vertically across the chamber of the Palmer-
Maloney cell or Utermöhl plate chamber.  Without looking into the microscope,
choose a location near the left edge in the upper third of the chamber (if vertical
transects are analyzed, choose a location near the top edge in the left third of the
chamber). Make a transect by moving only the horizontal stage control (or vertical
control for vertical transects) a measured distance. Develop a pattern for the transects
that will avoid the center and edges of the chamber.  A second Palmer-Maloney cell or
Utermöhl chamber can be used, if necessary (300 natural units need to be counted
with a minimum of one complete transect).
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6.6. Enumerate 300 natural algal units.

6.6.1. Using the pattern developed above (section 6.5.), move the microscope stage to a new
position in the pattern. Make all movements of the microscope stage without looking
through the objectives. 

6.6.2. Identify and enumerate all algal forms in the field of view: Enumerate algal forms
using natural counting units.  Natural counting units are defined as one for each
colony, filament, diatom cell (regardless if colonial or filamentous) or unicell.  With
the exception of diatoms, identify algal forms to the lowest possible taxonomic level. 
Differentiate diatoms to the lowest practical taxonomic level.  This will usually be
genus, but use of categories like naviculoid, cymbelloid, centric, nitzschoid is
appropriate.

6.6.3. Categorize diatoms as either “living” or “dead” at the time of collection, and quantify
them separately.  If there is any protoplast material in the frustule (usually stained
reddish by the  Rose Bengal), the diatom is considered to have been living when
collected.

6.6.4. Count the number of algal cells comprising each multicellular counting unit. 

6.6.5. Tabulate the data on a bench sheet or mechanical tabulator.

6.6.6. Repeat steps 6.6.1., 6.6.2. and 6.6.4. until 300 natural algal units have been
enumerated.  Count only “living” diatoms as part of the required 300 natural algal
units.

6.6.7. Add and record the tallies of each taxon on the bench sheet.  Record the number of
cells for multicellular counting units in parenthesis beside the tally of natural counting
units.  Group all diatoms into one category – undifferentiated diatoms.

6.6.8. Record the number of fields or total length of the transect for the area that was
observed.

6.7. Enumerate larger, rarer taxa.  There is an additional, optional procedure that can be used
for samples with low concentrations (less than five natural counting units) of large cells or
colonies (maximum dimension greater than 100 µm).  Using a low-power objective (10-
15x), scan 20 fields or 4 transects.  Count the larger, rarer taxa (as defined above).
Enumerate as natural units and estimate the number of cells in each.  Record the counts of
each of the taxa on the bench sheets, noting the scan area (i.e., total area for the 20
microscope fields or 4 transects).  Multiply the number of larger, rarer taxa by the ratio of
the total area scanned in the regular count to the area scanned in this count.  Record that
number as the total count for that taxon.

6.8. Measure cell biovolumes. For each group of samples, measure the dimensions of the taxa
that contribute most to sample biovolume.

6.8.1. Determine the taxa that need biovolume measurements by listing all the species in the
samples collected in a NAWQA study unit that have accounted for 5% or more of a
sample count (i.e., 15 or more natural units of the 300 natural units enumerated).

6.8.2. For each taxon requiring biovolume measurements, select a simple geometric figure
matching the shape of the taxon as best as possible, and determine the dimensions that
must be measured (see the “Shapes” table in the NADEDdat database).  Record this
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information on an “Algal Biovolume Measurements” bench sheet (See Figure 2,
Protocol P-13-63), one per taxon.

6.8.3. Measure and record the dimensions of at least five specimens.  If these measurements
are not in the range of previous measurements,  measure additional specimens until 15
specimens have been measured from the study unit.  No more than five specimens
should be measured from a single sample.

6.9. Enter data.  Enter data recorded on the bench sheets into the following three tables of the
PHYCLGY database.

6.9.1. Table “Non Diatom Count Information.”  There is one record for each analysis.  Enter
the following fields for each record:

6.9.1.1. Sample ID, SubSampleID, Replicate ID, Palmer-Maloney Fraction ID and
Count Replicate ID describe the specific sample and fraction used.

6.9.1.2. Count Type = “37” for “Inverted Microscope Proportional (phytoplankton)” and
“38” for Palmer-Maloney Proportional (phytoplankton)” counts.

6.9.1.3. Worker ID and Worker Address ID are codes for the analyst.  These are listed
on the bench sheets.

6.9.1.4. Date Count Finished,  Bench Sheet ID, Total Time,  Microscope ID and Lens
ID, are found on the bench sheet and are mandatory for each analysis.

6.9.1.5. Palmer-Maloney Field Volume is found on the bench sheet and is mandatory
for analyses using Palmer-Maloney cells and where algae were enumerated in
fields (as opposed to enumerating along transects).

6.9.1.6. Number Fields is found on the bench sheet and is mandatory for analyses where
algae were enumerated in fields (as opposed to enumerating along transects).

6.9.1.7. VolumeScanned is mandatory for analyses using Palmer-Maloney cells.  For
analyses enumerating fields, it is calculated by multiplying the Number of Fields
by the Palmer-Maloney Field Volume.  For analyses where phytoplankton were
enumerated along transects, the VolumeScanned is calculated by multiplying the
scan length in cm (from the bench sheet) by the Microscope Field Diameter in
cm (found in the “Microscope Lenses” table of the PHYCLGY database) and
then multiplying by 0.04, the depth of a Palmer-Maloney Cell in cm. 

6.9.1.8. Analysis Form ID, Number Counted and Corresp H2O Sample are not
required or not applicable.

6.9.1.9. Mag Changer should be entered if applicable or if not applicable, = 1.

6.9.1.10. Count Notes is “Y” or “N” depending on whether there is a count note
associated with the analysis.

6.9.1.11. Validated, Validated By and Date Count Validated will be entered, probably
by the analyst, after verification of data entry.

6.9.1.12. Phytoplankton Apparatus ID is found in the “Phytoplankton Apparatus” table
of the “PHYCLGY” database and refers to the code for the type of counting
(Palmer-Maloney) or settling  chamber (HydroBios, PhycoTech, etc.) used (and
listed on the bench sheet).



ANSP Protocols for Analysis of NAWQA Algae Samples Protocol P-13-52

Patrick Center for Environmental Research 93

cells m l
x #

/ =
co unt x field  d cf x cham b er area x sub sam p le d cf

m icro sco p e fld  area  o f m icro sco p e field s x cham b er vo l used

6.9.2. Table “Non Diatom Count.”  There is one record for each taxon observed during the
analysis.  The following fields are entered for each record:

6.9.2.1. Entry Order is automatically incremented as data are entered.

6.9.2.2. SampleID, SubSampleID, P-MFractionID, CountReplicateID describe the
sample and fraction used in the analysis.

6.9.2.3. TaxonID is the NADED Taxon Code for the taxon being entered.

6.9.2.4. NumberCounted field represents the number of natural units enumerated.  The
NumberCells is the total of number of cells for the specimens enumerated.  The
NumberCells is equal to the NumberCounted for diatoms and forms that are
unicellular.

6.9.2.5. RowNumber is not entered for these analyses.

6.9.2.6. TaxaNote is “Y” or “N” depending if there is a taxa note for this particular taxon
in this analysis.

6.9.3. The table “Biovolume Measurements” in the PHYCLGY database is updated by
running the application “BioVol” (current version is 1.0.4) and entering data from the
“Algal Biovolume Measurements” form.

6.10. Calculation of phytoplankton abundances and biovolumes. The calculation of
phytoplankton abundance depends on the apparatus used during analysis.  Biovolume
values are determined by multiplying the abundance (cells/ml) by the average biovolume of
each cell (Fm3).   The average biovolume of each cell is determined by averaging all values
for the taxon in the “Biovolume Measurements” table of the PHYCLGY database.  If there
are no records in the “Biovolume Measurements” table for the taxon, the program
performing the calculation will use a predefined constant based on genus (for diatoms) or
algae type (for non-diatoms). Equations for abundance calculations are given below.  The
calculations are performed at the time data are prepared for transmission to the NAWQA
BioTDB.  The “BioTDB export” application, written in MS Visual Basic,  produces a table
(“export_NAWQAResults”) on the Phycology Section server (SQL; “Diatom”).  This table,
which contains the calculated biovolumes, can be accessed by other Phycology Section
databases.

6.10.1. If the inverted microscope method was used in the analyses, phytoplankton abundance
(cells/ml) is calculated as follows:

where:

count = “# cells” in the “Non Diatom Count” table;  for diatoms, the number of cells is determined by
dividing the “# cells” in the “Diatom Count” table by the total number of diatom cells enumerated and
multiplying by the number of  “<undifferentiated diatoms>” in the “Non Diatom Count” table.
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cells / ml =  
count x field dcf x subsample dcf x P - M dcf

volume scanned

field dcf = “DC Factor” in the “Sample Volumes/Areas” table.

chamber area = “Chamber Area” in the “Phytoplankton Apparatus” table (in mm2).

subsample dcf = “D/C Factor” in the “Subsample Information” table.

microscope fld area = [“Lense Fld Dia” from the “Microscope Lenses” table (in Fm)] divided by
2000, squared and multiplied by Pi (will be in mm2); use the “Lense ID” in the “Non Diatom Count
Information” table to get the correct microscope lense that was used.

number of microscope fields = “#Fields” in the “Non Diatom Count Information”  table.

chamber volume used = “FractionVolume” from the “Palmer-Maloney Fractions” table.

6.10.2. If  Palmer-Maloney counting cells were used in the analyses, phytoplankton
abundance (cells/ml) is calculated as follows:

where:

count, field dcf and subsample dcf are defined as above.

P-M dcf = “D/C Factor” in the Palmer-Maloney Fractions” table.

volume scanned = “VolumeScanned” in the “Non Diatom Count Information”  table.
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Figure 1.  Phytoplankton community composition bench sheet (USGS NAWQA Program).
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Figure 1 (cont’d). Phytoplankton community composition bench sheet (USGS NAWQA Program).
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Protocol P-13-53

Preparation of Algal Data Files and Reports for Submission to the USGS
NAWQA Program

Candia A. Knowles, Frank Acker, and Kathleen Sprouffske

1. PURPOSE

1.1. The U.S. Geological Survey’s (USGS) National Water-Quality Assessment Program
(NAWQA) collects algae samples from rivers throughout the United States.  The
Phycology Section of the Patrick Center for Environmental Research is responsible for the
identification and enumeration of algae in these samples.  For each group of NAWQA algal
samples, data files containing results of these analyses are generated and transmitted to the
NAWQA Biological Transactional Database (BioTDB).  These files form the basis of a
data set used to assess regional and national water quality conditions.  

1.2. The purpose of this protocol is to describe the procedures necessary to perform checks on
data quality and completeness.  These procedures are followed to ensure that the data files
submitted to the NAWQA BioTDB are complete and accurate.

2. SCOPE

2.1. This protocol is applicable to the data verification stage of sample analysis.  It details the
steps necessary to review the data before generating a complete set of data files.

2.2. Personnel responsible for the procedures in this protocol include data entry personnel,
sample analysts and the Phycology Section Project Manager.

3. REFERENCES

3.1. Cotter, P.  2002.  Tabulator Installation and User’s Guide. Version 3.51.  ANSP, PCER.

3.2. PCER, ANSP.  2002.  Analysis of Diatoms on Microscope Slides Prepared from USGS
NAWQA Program Algae Samples.  Protocol No. P-13-39.

3.3. PCER, ANSP. 2002. Log-In Procedures for USGS NAWQA Program Algal Samples. 
Protocol No. P-13-47.

3.4. PCER, ANSP. 2002. Subsampling Procedures for USGS NAWQA Program Periphyton
Samples.  Protocol No. P-13-48. 

3.5. PCER, ANSP.  2002.  Preparation of Diatom Slides Using NAPHRAX™ Mounting
Medium.  Procedure No. P-13-49. 

3.6. PCER, ANSP.  2002.  Analysis of Soft-Algae in USGS NAWQA Program Qualitative
Multihabitat (QMH) Samples.  Protocol No. P-13-51. 

3.7. PCER, ANSP.  2002. Archiving Algal Samples, Diatom Slides and Images.  Protocol No.
P-13-56.  
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3.8. PCER, ANSP.  2002. Analysis of Soft-Algae and Enumeration of Total Number of
Diatoms in USGS NAWQA Program Quantitative Targeted Habitat (RTH and DTH)
Samples.  Protocol No. P-13-63. 

3.9. United States Geological Survey, National Water Quality Assessment Program.   1997. 
Procedures for Processing NAWQA Algal Samples.  Draft Manuscript.  February 1997.

4. METHODS

4.1. Prior to file verification and report generation, obtain the three paper folders of
documentation for each subproject (defined by NAWQA study unit, the year of collection,
and whether the samples are periphyton or phytoplankton):  “Sample Tracking and
Subsampling”, “Diatom Analyses” and “Soft-Algae Analyses” (see Protocol No. P-13-58). 
These file folders are started by personnel involved in the sample log-in and preparation
phase. They should be circulated with their corresponding samples and subsamples.  All
pertinent printouts, bench sheets or other documentation should be added to these folders as
they are completed (see section 4.4. for details).

4.2. Data Entry Review.   Confirm that the needed data have been created (i.e., analyses are
complete) and have been entered into the database.  The verification of data cannot start
until all data are entered.  Listed below are the NAWQAdat database tables containing
necessary data, and salient points concerning the verification required:

4.2.1. Sample Identification.  Should be complete and verified by this point.  For each
sample, there must be one record with complete data for the fields:  “Sample ID”,
“Site Location ID”, “Client Sample ID”, “Subproject ID”,  “Collection Date/Date1”,
NAWQA Sample ID, “result_code”, and “Sample Auto ID”. 

4.2.2. Sample Volumes/Areas.  This table should have been completed during the log-in
and subsampling procedures.  In some cases, data entered at time of log-in were
incomplete or inaccurate.  This table is only necessary for quantitative data files and
has one record for each sample.  Check the following critical fields for completeness
and accuracy (these fields cannot be zero or null) and run the queries “Data Entry
Check: Field Volumes/Areas” and “Data Entry Check: ANS Sample Volume” in
PHYCLGY to make sure all fields required for biovolume calculations are present.
When data are complete, print out the results of this query and place them in the
“Sample Tracking and Subsampling” folder.  

4.2.2.1. Area Sampled.  Verify that these values were properly transferred to the
Academy’s database.

4.2.2.2. Client DCF Factor (usually = 1).  This factor can vary from “1” if there was
subsampling and dilution or concentration prior to receipt at the Academy.  Since
the Academy measures the sample volume, this factor  remains “1” unless a
portion of the sample was lost prior to receipt at the Academy.

4.2.2.3. Sample Volume (ANS).

4.2.2.4. Original Sample Volume.  This critical volume relates the amount of sample to
the area that was sampled.  In most cases there was no subsampling and this
value is the same as the “Sample Volume (ANS)” field (the assumption being
that a laboratory measurement is more accurate than a field measurement). Where
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there is an indication of subsampling with a subsequent dilution of concentration,
or when loss of sample is noted, this field or the “Client DCF Factor” field must
be adjusted.

4.2.3. Subsample Information.  There will be two records for each sample if only one set of
subsamples was made: a diatom (DT1) and a soft-algae (PR1) subsample. There will
be more records if more than one subsample was made (e.g., DT2, PR2).  For
quantitative samples, verify the “Subsample Volume” and “Dilution/Concentration
Factor” fields.  If subsample volumes do not equal 20 ml, confirm that the volume was
adjusted to 20 ml (by dilution or concentration).

4.2.4. Slide Information.  There will be one record for each slide that was made.  There
should therefore be two records for each sample (unless a 3rd or 4th slide was
produced).  Verify the “Volume Cleaned Material,” “Dilution/Concentration Factor”
and “Volume of Sample on Slide” fields, especially for quantitative samples. Similar
to the “Subsample Information” table, check the “Dilution/Concentration Factor” field
if the “Volume Cleaned Material” does not equal 20 ml.

4.2.5. Palmer-Maloney Fractions.  For quantitative samples only, there are one to three
records for each sample, depending on the number of dilution or concentration steps
needed.  It is important to verify that there is a record for the Palmer-Maloney fraction
that was used in the analysis (in addition verifying that the fraction is from a
periphyton subsample [designated with “PR” at the beginning of the subsample
code]).  Verify the “FractionVolume” and “Dilution/Concentration Factor” fields.  It is
important to verify that the amount of dilution or concentration relates to the original
subsample, and not necessarily to the fraction from which it was diluted.

4.2.6. Verification is not necessary for several tables including Diatom Hierarchy, Non-
Diatom Hierarchy, Diatom Taxa and Non-Diatom Taxa.   The “… Taxa” tables are
child tables of the “…Hierarchy” tables; the “…Count tables are child tables of the
“…Taxa” tables. It is good practice to ensure that referential integrity between these
tables and related tables is in force when the reports are generated.

4.2.7. Verify that Diatom Count Info is complete.  If diatom analyses were performed using
the “Tabulator” program, simply verify that the record for each sample is complete. 
For diatom analyses where bench sheets were used, verify data entry.  Run the “Data
Entry Check: Diatom Count Info” query in the PHYCLGY database to produce a table
of database records.  Print it and check it against data on the bench sheets.  Similarly,
verify the Non Diatom Count Information table by checking that data entry was
correct.  Run the query “Data Entry Check: Non Diatom Count Information” in the
PHYCLGY database to produce a table of database records.  Print it and check it
against the bench sheets.

4.2.8. Diatom Count.  For analyses using the “Tabulator” program, verify that “Diatom
Count” table records have been properly saved with corresponding documentation
(count reports signed and dated with all changes and corrections entered and
documented).  For “Diatom Count” records entered from bench sheets, verify that the
data entry has been checked (the database query “Data Entry Check: Diatom Count” 
in the PHYCLGY database produces a table that is printed out and used to check
against the bench sheets).
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4.2.9. Diatom Count Qualitative.  Verify qualitative records following a procedure similar
to the one for verifying diatom count records (if bench sheets were used, the “Data
Entry Check: Diatom Count Qualitative” query  in the PHYCLGY database produces
the table utilized in data checking).

4.2.10. Verify the Non Diatom Count and Non Diatom Count Qualitative tables by
ensuring that the data entry from bench sheets has been checked (the queries “Data
Entry Check: Non Diatom Count” and “Data Entry Check: Non Diatom Qualitative”
in the PHYCLGY database produce tables to check against the bench sheets).

4.2.11. Check the Microscope Lenses table to ensure that the lens entered in the Diatom
Count and Non-Diatom Count tables has the following data: lenses used in the non-
diatom analyses (usually 40-50x magnification) should have values for Palmer-
Maloney volume (in ml);  lenses used for diatom analyses (usually 90-100x)  and
phytoplankton analyses (usually 15-50x) should have values for field diameter (in
µm).  Additionally, all lenses must have the correct factor to convert from units to
micrometers.

4.2.12. Verify the Biovolume Measurements table using the application
“frmBiovolumeVerification” (a form in the PHYCLGY database).  After the
subproject is entered, check both the soft-algae and diatom components to see that the
proper number of measurements were made.  If fewer than five measurements are
recorded for each abundant taxa, require the analyst to measure additional specimens.

4.3. Final Preparatory Work for Data File Generation. These are the final steps to take
before moving on to Procedure No. P-13-55 to use the BioTDB Export application to
generate data files.

4.3.1. Download the most recent data from the BioTDB using the NAWQA ASR Download
application in the NAWQAApp database (for more information on the NAWQA ASR
Download application, see Procedure No. P-13-47).  To do this, click the “Download”
button on the first tab sheet, entitled “Download”.

4.3.2. Determine if the data used in the biovolume calculation match the most recent data
from the BioTDB by running the query
“kms_OriginalVolume_0_updates_to_subproject_from_BioTdb.” from the
NAWQAApp database.  This query compares key values from the BioTDB to those in
the ANSP databases.  If any values do not match, update them in the NAWQAApp
database.  Variables compared are Client Subsample Volume, Sample Volume
(Client), Preservative Volume, After Decant Volume, and Area Sampled.

4.3.3. Run the next set of queries from the NAWQAApp database.  They check the “original
volume” data in NADED against the most recent volume data from the BioTDB and
update values as necessary.

4.3.3.1. Run the “kms_OriginalVolume_1_FlagAfterDecantVolume” query. This query
returns all Sample Volumes/Areas records that have a value for
“AfterDecantVol.”  All records returned from this query are problematic and
must be dealt with on a case-by-case basis to determine the correct values for
“original volume” and “dilution/concentration factor.”
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4.3.3.2. Run the “kms_OriginalVolume_2_NotSubsampled” update query.  Updates the
Original Volume and Client DC Factor fields in the NADED database for
samples that were not subsampled in the field.

4.3.3.3. Run the “kms_OriginalVolume_3_Subsampled_NotPhytoplankton” update
query.  Updates the Original Volume and Client DC Factor fields in the NADED
database for non-phytoplankton samples that were subsampled in the field.

4.3.3.4. Run the “kms_OriginalVolume_4_Phytoplankton” update query.  Updates the
Original Volume and Client DC Factor fields in the NADED database for
phytoplankton samples that were subsampled in the field.

4.4. Final Archived Files.  As noted earlier, there will be a set of three files (paper folders)
used to archive the data from a subproject.  The items to be included in each of these files
are listed in Protocol No. P-13-58.

4.5. Once all data are verified and reported, reference specimens will be archived in the ANSP
Diatom Herbarium.  See protocol P-13-56 for detailed archiving procedures.
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Protocol P-13-55

Electronic Transmission of Data Files to the USGS NAWQA Program

1. PURPOSE

1.1. The U.S. Geological Survey’s (USGS) National Water-Quality Assessment Program
(NAWQA) collects algal samples from rivers throughout the United States.  The Phycology
Section of the ANSP’s Patrick Center for Environmental Research is responsible for the
identification and enumeration of algae in these samples.  For each group of NAWQA algal
samples, electronic data files containing results of these analyses are generated at the ANSP
and transmitted to the NAWQA Biological Transactional Database (BioTDB).  These files
form the basis of a data set used to assess regional and national water quality conditions.
This protocol describes the procedures followed to ensure correct and complete transmittal
of data generated from the analyses of NAWQA samples.

2. SCOPE

2.1. This protocol is applicable to the generation and transmission of completed data sets to the
USGS NAWQA program.

2.2. This protocol is intended for the use by the Phycology Section Project Manager and other
Phycology staff members responsible for communicating with and reporting to the USGS.

3. REFERENCES

3.1. Cotter, P.  2002.  Tabulator Installation and User’s Guide. Version 3.51.  ANSP, PCER.

3.2. PCER, ANSP.  2002. Preparation of Algal Data Files and Reports for Submission to the
USGS NAWQA Program.  Protocol No. P-13-53. 

3.3. Sprouffske, K. and C. Ratnayaka. 2002. BioTDB User Guide.  ANSP, PCER.

3.4. USGS, NAWQA Program.  2001.  Invertebrate and Algae Data Loading Design, 3rd Draft
Revised. Reston, VA          

4. APPARATUS/EQUIPMENT

4.1. A personal computer connected to the ANSP computer network and access to Phycology
Section databases and electronic mail.

5. METHODS

5.1. The ANSP has developed a Microsoft SQL Server 7.0 database, called NAWQA, to act as a
data repository for NAWQA data on their way to the BioTDB. Once data are completed
and validated (see Protocol No. P-13-53), data are transferred from the Phycology Section’s
NADED database into the SQL Server NAWQA database via a Visual Basic 6 application
called “BioTDB Export.” The several steps involved in data transfer from the ANSP and
it’s subcontractors are summarized in Figure 1.
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5.2. As of 2002, all data received from subcontractors are in specially prepared databases. 
Diatom data are in a backend database of the “Tabulator” program; Soft algae data are in
the “Subcontractor Soft-Algae Database” (currently designed specifically for data
generated by procedures used at Michigan State University).  As these data are received,
they are saved in the directory G:\Phycdata\Database\ in the “received” folder named for
the associated subcontractor.

5.3. Use the “BioTDB Export” application to generate output data in the ANSP NAWQA
Export database. Follow instructions in the "BioTDB User Guide." (Sprouffske, K. and C.
Ratnayaka. 2002. BioTDB User Guide.  ANSP, PCER.)

5.4. The SQL Server NAWQA database automatically records when a record was first added to
the export queue.  It also records the most recent date that any change was made to the
record.  When files are generated to send to the BioTDB, the records in the table with the
results (“export_nawqasamples”) are all stamped with the “transfer date.”

5.5. Create the five data files necessary for uploading into the BioTDB, Follow the instructions
in the BioTDB Export User Guide.  These data files are defined and documented in the
Invertebrate and Algae Data Loading Design, 3rd Draft.  In brief, the files consist of a list of
all samples, results, and taxa that have ever been run through “BioTDB Export”
application.

5.6.  To package the data files for transmittal to the USGS, open the program “WinZip”
(typically installed at C:\Program Files\Winzip, although it will be where ever you installed
it) and click the “New” button to create a new archive file.  Name the archive file as the
default filename prefix that was generated for you by the BioTDB Export program and
click “OK.”  Click the “Add” button, navigate to G:\Phycdata\Projects\NAWQA\
NAWQA_Database\NAWQABIOTDB\submitted, highlight the 5 files created during the
listing process in section 5.5 (they all begin with the same prefix), and click the “Add”
button.  Close WinZip by selecting File, Exit.

5.7.  After ensuring that the files are, in fact, archived using WinZip by re-opening the
newly-zipped file, delete the original files from the directory.  Email or FTP the archive to
the USGS and retain the archive in the G:\Phycdata\PROJECTS\NAWQA\
NAWQA_Database\NAWQABIOTDB\ submitted directory.

5.8.  A history of uploads to the BioTDB is maintained in “G:\Phycdata\PROJECTS\NAWQA\
NAWQA_Database\NAWQABIOTDB\submitted\history.txt” by the person submitting the
data. When the data are successfully transmitted to the USGS BioTDB, a record is added
here.

5.9. All data thus prepared are sent to the BioTDB.  An e-mail from the NAWQA project
manager confirms that the data arrived.
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Figure 1.  Algal data flow.
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Protocol P-13-56

Archiving Algal Samples, Diatom Slides and Images
Joseph Resnick, Su-Ing Yong, Donald Charles

1. PURPOSE

1.1. The Phycology Section of the ANSP analyzes algae samples collected throughout the
United States.  After these analyses are completed, portions of samples and resulting
materials, such as slides and images, are archived for future reference.

1.2. This protocol outlines the procedures followed to store diatom cleaned material, sample
remnants, Palmer-Maloney fractions, diatom slides, electronic images and photographic
images.  The protocol is to be followed to ensure safe, long-term storage of reference
materials, to provide complete and accurate cataloging of information on archived material,
and to allow for easy retrieval of all materials.

2. SCOPE

2.1. This protocol is applicable to the last stage of sample handling.  When all data have been
completed, verified and reported, all portions of samples and materials to be maintained are
stored.

2.2. Personnel responsible for the procedures in this protocol include Phycology Section staff
members and Diatom Herbarium staff members.

3. REFERENCES

3.1. PCER, ANSP.  2002. Diatom Cleaning by Nitric Acid Digestion with a Microwave
Apparatus.    Protocol No. P-13-42.

3.2. PCER, ANSP.  2002. Preparation of Diatom Slides Using Naphrax Mounting Medium. 
Protocol No. P-13-49.

3.3. PCER, ANSP.  2002. Preparation of Algal Samples for Analysis Using Palmer-Maloney
Cells.  Protocol No. P-13-50.

4. APPARATUS/EQUIPMENT

4.1. Personal computer connected to the ANSP network server and with access to the
Phycology Section databases.

4.2. Avery® 3x5 white index cards for laser printers.

4.3. Horsehide glue paper.

4.4. Paper cutter.

4.5 Wooden boxes for storing microscope slides (25 slides each).
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5. METHODS

5.1. Diatom cleaned materials, sample remnants, and Palmer-Maloney fractions.

5.1.1. Appropriately labeled diatom cleaned materials, sample remnants and Palmer-
Maloney fractions are sorted by year sampled and locality and then placed in vented
cabinets in the Phycology laboratory for long-term storage.  All materials are stored
indefinitely, except remnants of original samples which will be kept routinely for a
period of three years.

5.1.2. Unless otherwise specified, all bottles or other containers with sample material should
have a paper label with Sample ID, SubSample ID, station (substation/replicate), date,
project name, original amount of material and other appropriate data. When samples
are archived or sent to other locations, information on the action is documented using
the “Transmittals” application in the PIMS form of the PHYCLGY database. This
transmittal process records in the database the new location of the material, the names
and addresses of persons involved, and the date.  It also generates a paper form
summarizing the transmittal information that can serve as a chain-of-custody record.  

5.2. Diatom slides.

5.2.1. Diatom slides prepared for analyses by Phycology Section analysts are appropriately
labeled and stored permanently in the ANSP Diatom Herbarium.  The ANSP Diatom
Herbarium contains slides of sample material collected throughout the world.  A
locality file card catalog is maintained in the Diatom Herbarium to enable users to find
slides with material collected from specific geographic regions.

5.2.2. A computer-based form is used to create labels for the slides as well as 3x5 cards for
the card catalog.  The following step-by-step instructions describe how to create labels
and cards for the accession of slides into the Diatom Herbarium.  Before starting the
process, have available all the necessary information on slides to be accessioned.  This
might include Subproject ID and Shipping ID.  Make use of the following query and
reports in the PHYCLGY database to help locate these IDs and other data: 
“qry_GetSampleSiteInfoForIndividualSample,”
“rpt_ListofShippingIDsForSubprojects,” “rpt_ListofSlidesBySubproject,” and
“rpt_ListDiatHerbAccessionNumberForSlide.”

5.2.2.1. Open the Phyclgy.mdb database file located in G:\Phycdata\
DATABASE\PHYCLGY.MDB

5.2.2.2. Open the form “DHDB Main Accession Form” (Figure 1).  This form steps
through the process of adding slides to the Diatom Herbarium.

5.2.2.3. Step 1: Identify Slides to be Transferred, Create Record of Shipment, Create
Tables of Data to Add to the DHDB and, Assign Accession Number.  

5.2.2.3.1. Click on the “Shipments Form” button (Figure 2); a new form will open.
Click on the button on the bottom of the form that creates a new shipment
record.  This button looks like an arrow pointing right toward an asterisk. 
This button will clear the form and assign a new shipping ID.  It will also fill
in the “Date Shipped” field with the current date.  If a different date needs to
be entered, enter it now.
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5.2.2.3.2. Pull down the “Item” combo box and select “DHDB Hand-Transfer” from
the selection (Figure 3).  This action will automatically enter data into all of
the fields at the top of the form with the exception of the “Sender” and the
“Packer.”

5.2.2.3.3. Enter the “Sender” and the “Packer” data in their respective fields using the
drop down box.  On most occasions these names will be the same.  (If the
worker name you need is not in the list, stop what you are doing, saving any
progress you have made.  Minimize the form.  Open the form
“frmWorkerInfo” and enter the name of the new worker and related
information.  Then return to the “Shipments Form” and continue.)

5.2.2.3.4. Click on the “List Builder” Button to open the “DHDBIDBuilder” Form
(Figure 4).  The window on the left side of the form is the window that shows
the Slides to be selected from; transferring them to the right side window
signifies that those specific slides are to be transferred to the Diatom
Herbarium.

Click on the button on the top left to select a searching criterion.  Either Slide
ID, Project ID, or Subproject IDs can be used to search.  (Note that whether
data are displayed by the Slide Replicate ID, or not, can be controlled by
using the combo box on the top right of the selection area.  This allows a’s
and b’s, for example, to be listed together, or not.)

A dialog box will appear asking the technician to enter the first few
characters of what is being searched for.  Enter that information and press
OK.

A list of slide IDs matching the specified criteria will appear in the left
window.  Locate and highlight the slides to be transferred and either double
click on them individually, select a group and click the Add button (looks
like “>”), or single click on them individually and click the Add button.  
Note: Be sure to examine the value in the field on the right side of the left
window.  It will have a value of “0”, “-1” or “100.”  If the slides to be
transferred have a value of “100,” stop immediately; there is a problem
that needs to be addressed. (This problem can be fixed by verifying that
the site location information is correct.  This error occurs when the
application cannot determine what state in the U.S.A. the sample is
from.  Check for the addition or deletion of leading zeros in the “Site
Location ID” field of the “Site Location” table.)

Once IDs of all the slides to be transferred have been moved to the window
on the right (and there are no values of what would now  be “-100” in the
field on the right), click on the OK button and return to the Shipments form.

5.2.2.3.5. Note that the identification numbers of the selected slides appear in the box
at the bottom of the form.  At this point, they have been assigned an
appropriate Diatom Herbarium accession number.  The following accession
numbers have been reserved for the Phycology Section: 100000 through
109999 for samples from states east of the Mississippi River and numbers
110000 through 119999 for samples from states west of the Mississippi
River.  Note that if the record created contains samples from states both east
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and west of the Mississippi River, two separate reports will automatically be
created.

5.2.2.3.6. Note the Shipping ID at the top left of the form and proceed to the next step.  

5.2.2.3.7. To exit this form and continue, either close the form out with the X on the
top right of the form, or click on the Exit button on the bottom right (it looks
like an arrow pointing at a door).  Exiting this form will create entries in the
database located in G:\herb\herbdata\DHDBTransfer.mdb.  This database
contains all the information herbarium staff will need to enter into the
Diatom Herbarium database.

5.2.2.3.8. After closing, a prompt will ask if you want to save the changes you have
made.  Answer yes.

5.2.2.4. Step 2: Prepare to Create Slide Labels, Index Cards, and Accession Report

5.2.2.4.1. After returning to the DHDB Main Accession form, step two requires
selecting the shipment ID in the combo box in the middle of the page.  Click
on the combo box and find the Shipping ID number noted in section
5.2.2.3.6.  Note:  From this point on, each step made will be logged in a
progress table automatically.  Take note that after completing each step the
appropriate check box will be checked.  If a step is not yet completed, or
stopped in the middle, be sure to uncheck the appropriate check box before
continuing.

5.2.2.5. Step 3: Create Slide Labels

5.2.2.5.1. Click on the button marked “Slide Label Form.”

5.2.2.5.2. Select the appropriate slide label format by clicking on the appropriate button
(most likely DHDB).

5.2.2.5.3. Look over the slide labels on the computer screen and make sure they are
correct.

5.2.2.5.4. Cut a sheet of horsehide glue paper into four 8 ½” x 11” sheets.  Prepare each
individual sheet for the printer by carefully attaching a non-stick sheet of
paper to the glue side of the sheet.  To prevent a misfeed into the printer,
place a piece of tape across the entire length of the top of the attached sheets.

5.2.2.5.5. Feed each prepared sheet into the printer one at a time, press the print button,
or go to “File,” “Print” and press “OK.”

5.2.2.5.6. Exit from the slide label report page and click “Exit” on the style selection
form.

5.2.2.6. Step 4: Create 3x5 Index Cards

5.2.2.6.1. Click on the Button labeled “3x5 Card Form.”  A window open with some
instructions.  Read the instructions and click on the “Go to Report” button.  

5.2.2.6.2. Be sure to insert the 3x5 card paper into the printer and print the generated
3x5 card documents.  

5.2.2.6.3. Close out the 3x5 card report and click exit on the instruction form to return
to the DHDB Main Accession Form.
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5.2.2.7. Step 5: Create Acquisition Book Report

5.2.2.7.1. Click on the button labeled “Acquisition Book Report.”  This will generate a
form to be put in the Curator’s Acquisition Book.  Print the generated
document and close the report to return to the DHDB Main Accession Form.

5.2.2.8. Step 6: Finish

5.2.2.8.1. Make sure that all of the check boxes are checked (with the exception of the
“finished” check box) and go back to complete any steps not completed. 
When all is completed, click on the “Finish!” button and close the form (or
begin a new “Shipments Form”).

5.2.2.9. Step 7: Attach Labels to Slides and Submit to the Diatom Herbarium

5.2.2.9.1. Attach the printed labels to the appropriate slide. Click on the “See How”
button to be sure that the labels are placed on the correct side of the slides. 
Note:  If the analyst prefers not to view the diagram to perform this task,
click on the check box next to it to signify that this task is completed.

5.2.2.9.2. Gather the labeled slides, the 3x5 cards, and the Accession Book Report and
submit them to the Diatom Herbarium.

5.3. Electronic and photographic images.

5.3.1. Electronic and photographic images are taken during the analyses of both soft algae
and diatoms. These images are also stored for future reference.  Specific procedures
vary with project.  Both diatom and soft-algae images can be stored in the ANSP
Algae Image Database (http://diatom.acnatsci.org).  Soft-algae images are often
recorded on film and stored as 2" x 2" Kodachrome slides.  Many will be added later
to the ANSP Algae Image Database.
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Figure 1.  DHDB Main Accession form.
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Figure 2.  Shipments form.
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Figure 3.  Shipping form.
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Figure 4.  DHDBIDBuilder form.
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Protocol P-13-57

Care and Maintenance of Phycology Section Equipment
Lont Marr

1. PURPOSE

1.1. Laboratory equipment is prone to collection of dust, normal wear, and miscellaneous
breakdowns.  Routine maintenance of equipment and instruments used in and related to
the analysis of algal samples is essential to promote accurate and precise results.  The
following are guidelines and procedures for the maintenance of a variety of equipment
used in Phycological Section laboratories.

2. SCOPE

2.1. The following procedures are applicable to similar equipment used in most any scientific
laboratory setting.

3. APPARATUS/EQUIPMENT

3.1. Phycology Laboratory.

3.1.1. Compound light microscopes.

3.1.2. Computer equipment.

3.1.3. Fume hoods.

3.1.4. Gas suspension tables.

3.1.5. Slide warmers/hot plates.

3.2. Chemistry Laboratory.

3.2.1. Microwave.

3.2.2. Balances.

4. METHODS

4.1. Compound light microscopes.

4.1.1. Microscopes are very delicate pieces of equipment and should be maintained
appropriately. Protect scopes with a well-fitted dust cover when not in use.  Shut off
scopes and associated light sources when not in use to prolong bulb life and prevent
problems associated with overheating.

4.1.2. Keep all lenses and optics free of dust and moisture.  Clean using a photographic
grade lens paper and an approved lens cleaner.  (Products containing alcohol should
be used with care to avoid dissolving cement around the optics.)  A can of compressed
air is useful for removing dust and other particle buildup without having to come in
contact with the lenses and is therefore recommended.  Periodically clean oil
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immersion lenses and oil condensers of oil build-up.  Periodically have scopes and
associated equipment, such as cameras and imaging equipment, serviced by a
professional certified technician.

4.2. Computers, associated peripherals and software.

4.2.1. Maintain all computer equipment to ensure proper use and prolong life.  Keep all
hardware free of dust and moisture.  Clean monitors with an approved cleaning agent
and clean keyboards with an aerosol duster such as Dust-Off®.  Keep software
organized in a dust free area and protected from electromagnetic sources.  All software
purchases and upgrades must be approved by the Computer Services Section so that
all licensing requirements can be monitored.

4.3. Fume hoods.

4.3.1. The Laboratory Safety Officer must check fume hoods annually to ensure that they
meet national standards for air velocity.  Maintain records of these annual inspections. 
Keep fume hoods free of clutter, volatile chemicals and any objects that could
interfere with airflow and/or inhibit the work environment.

4.4. Gas suspension tables.

4.4.1. Gas suspension/anti-vibration tables should receive periodic maintenance.  Maintain
correct nitrogen pressure through observation of associated pressure gauges, and
monitor the volume of gas left in the tank.  Replace cylinders as needed.  Any
unexplained loss in pressure is a major concern - check valves and all connections for
leaks and tighten any loose connections.  Dust tabletops regularly, and adjust the table
level, as needed.

4.5. Slide warmers/hot plates.

4.5.1. This equipment requires very little maintenance. Keep slide warmers and hot plates
free of materials by regularly wiping them, and cleaning with appropriate solvents. 
ALWAYS turn off slide warmers and hot plates when not in use and NEVER leave
them unattended.  As with all electric appliances, inspect the cords periodically for
nicks or frays.  If the cord or plug are damaged in any way, take the appliance out of
service.

4.6. Microwave.

4.6.1. Periodically clean the CEM microwave used in the diatom cleaning process inside and
out, removing any build-up of dust and other particles.  The microwave is located in
the chemistry lab, and regular maintenance is performed by the PCER Chemistry
Section on an as-needed basis.

4.7. Balances.

4.7.1. Keep balances in a draft-free environment and clear of debris.  Have balances
calibrated on a regular basis by a certified technician.
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Protocol P-13-59

Reporting of Non-Conformance Issues and Corrective Action
Frank Acker and Candia Knowles

1.  PURPOSE

1.1. In order to provide credible data, algal analysis procedures must follow the appropriate
Phycology Section protocols, including those describing QA/QC measures. All steps in the
process are to be reviewed and documented by the appropriate personnel.  If there are any
deviations from the approved methods, they must be documented to avoid producing
questionable or invalid data.  This procedure outlines steps to take in the event that a non-
conformance is detected at any level of the analytical process.

2.  SCOPE

2.1. This protocol is applicable to any stage of the analytical process: sample receipt and log-in,
sample preparation, analysis, review and/or reporting.

2.2. This protocol is applicable to personnel performing any of the tasks mentioned in 2.1.

3.  DEFINITIONS

3.1. Deviation.  A deviation is defined as an action that is in variance with the written,
formalized protocol.

3.2. Non-conformance.  Non-conformance is defined as a deviation that was not corrected or
was undocumented during the normal course of the analysis. 

4.  METHODS

4.1. Non-conformance action.  The initial responsibility to monitor the quality of data lies with
the analyst, who documents that all protocols are followed (with deviations noted) and
results are therefore acceptable.  A non-conformance is found if an assessment reveals that
any steps in the protocols are not followed or protocol deviations were not documented.  A
non-conformance must be reported to the Phycology Section Project Manager.  If possible,
potential causes and corrective action should be identified.

4.2. Corrective action reporting.  When a non-conformance occurs, a corrective action report
(CAR) is generated (see Figure 1 for the CAR form).  A CAR number is assigned and
logged in the CAR log (see Figure 2 for an example of the CAR log).  Specific details
pertaining to the non-conformance are included on the form as well as the chosen corrective
action (if applicable).   The report must be approved by the Phycology Section Project
Manager (or designee) and filed along with the project files for the affected samples.  This
information is also included in the QC report associated with the affected samples.
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The Academy
of Natural Sciences

Phycology Section

Corrective Action Report

CAR No.

Date

Project

Initiator

Condition Description

Recommended Action

Action Taken Action performed by Date

Verified by Date

Approved Date

Title

Figure 1.  Corrective Action Report form.
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The Academy
of Natural Sciences

Phycology Section
Corrective Action Report Log

Car No. Project Identification Date Closed Car No. Project Identification Date Closed

Page ___
of___

Figure 2.  Corrective Action Report log.
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Protocol P-13-62

Chemical Hygiene Practices Used in Phycology Section Laboratories
Benjamin Russell

1. PURPOSE

1.1. This procedure provides guidelines for the proper handling and disposal of laboratory
chemicals as well as the appropriate safety guidelines to be followed in the Phycology
Section laboratories.

2. SCOPE

2.1. This procedure applies to all personnel performing laboratory tasks for the Phycology
Section.

3. REFERENCES

3.1. Material Safety Data Sheets (MSDS).

3.2. PCER, ANSP. 1995.  Liquid Waste Handling and Disposal Procedures for Chemistry
Laboratory.  Protocol No. P-16-40.

3.3. PCER, ANSP.  2002. Preparation of Diatom Slides Using Naphrax™ Mounting Medium. 
Protocol No.  P-13-49. 

4. APPARATUS/EQUIPMENT

4.1. Hazardous Chemicals

4.1.1. Formalin

4.1.2. Nitric Acid

4.1.3. Hydrogen Peroxide

4.1.4. Solvents

4.1.5. Naphrax™

4.2. Personal Protective Equipment

4.2.1. Safety Glasses

4.2.2. Gloves

4.2.3. Lab Coat

4.3. Equipment

4.3.1. Fume Hoods
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5. METHODS

5.1. Formalin.

5.1.1. Formalin is the chief preservative used in algae samples analyzed in the Phycology
Section.  Formalin (formaldehyde) is a known carcinogen and direct dermal contact
and inhalation of fumes are to be avoided.  Perform all work processing samples
preserved with formalin in a fume hood while wearing the appropriate personal
protective equipment (PPE): safety glasses, gloves and a lab coat, at a minimum.

5.1.2. Formalin is a combustible material and therefore should be kept from heat and flame.

5.1.3. When disposing formalin, dilute the waste and pour down the sink drain while
flushing with copious amounts of water.

5.2. Nitric acid.

5.2.1. Nitric acid is used in the sub-sample digestion process to remove organic materials
from within and around the diatom frustules.  Nitric acid is highly reactive.  Therefore
perform all work in a fume hood and wear safety glasses, gloves and a lab coat when
handling this corrosive, oxidizing material.

5.2.2. Keep nitric acid from heat and flames.

5.2.3. When disposing nitric acid wastes, pour a very dilute stream down the sink drain
while running water to flush the pipes of any residual waste.

5.3. Hydrogen peroxide.

5.3.1. Hydrogen peroxide is used to digest organic materials.  Hydrogen peroxide may be
used to supplement digestions performed with nitric acid or it may be used as the
primary digesting agent.  Hydrogen peroxide is a corrosive material and should be
used under a fume hood while wearing safety glasses, gloves and a lab coat.

5.3.2. Hydrogen peroxide wastes may be diluted and poured down the sink drain while
flushing with water.

5.4. Solvents.

5.4.1. Toluene and ethanol are used during the diatom slide mounting process.  Handle
solvents with care and wear safety glasses, gloves and a lab coat when handling these
materials.  Noxious vapors are generated when the toluene is vaporized by heat during
the slide mounting process.  Therefore, this portion of the preparation must be
performed in a fume hood.  

5.4.2. Toluene waste is in the form of vapors and is removed via the fume hood.

5.5. Naphrax™.

5.5.1. Naphrax™ is the mounting medium used in the preparation of diatom slides.  When
working with this material, wear safety glasses, gloves and a lab coat.  See Protocol
No. P-13-49 “Preparation of Diatom Slides Using Naphrax™ Mounting Medium” for
more information.
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