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A4.  Project/Task Organization 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table A4.1. Key project personnel and their responsibilities (job descriptions are in Appendix B). 
 

 

Name Project Title/Responsibility 
Jon Lyon, Stephen Theberge, Sharon  
Tsay 

Technical Advisory Committee: Oversee water biological, chemical 
and physical sampling and analysis; oversee flow modeling 

Jon Lyon QA Officer: Write QAPP and run QC program, responsible for 
maintaining the official, approved QAPP 

Jon Lyon, Janet Nicosia 
Project Managers: Oversee all aspects of the field sampling, field 
analysis and laboratory analysis of water quality; coordinate with 
overall project management 

Jon Lyon,  Robert Jackson, Alisha 
Wilkinson  

Field Coordinators:  Coordinate all field sampling and sample 
processing prior to lab analysis 

Jon Lyon, Boyan Pavlov Lab Director; Coordinate all laboratory sample handling, analysis 
and data storage 

Krysten Moore, Marisa Tolman Student Lab Assistants:  Assist in laboratory analysis of water 
quality samples 

Michael Nguyen, Lauren Viarengo, 
Courtnee Barchus, Alisha Wilkinson, 
Gregory Molloy, Chelsea Hillenbrant 

Student Field Assistants: Assist in field data collection, collection of 
field samples and pre-laboratory sample preparation 

Gary Gonyea, Richard Chase DEP QA Officers: Review QAPP 
John Smaldone EPA QAPP Coordinators(s) 

Project 
Coordinator 

Town of  
North 

Reading 

MA DEP US EPA 

Technical 
Advisory 

Committee 

QA Officer 

Lab 
Director 

Field 
Coordinators 

Student Field 
Assistants 

Student Lab 
Assistants 

Project 
Managers 
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A5.  Problem Definition and Background 
 
A5.1. Overview 
 

The Ipswich River watershed covers some 155 mi2 and all or part of 22 communities in the northeastern 
coastal plain of Massachusetts.  Despite intense focus on the watershed in recent years, the river remains a 
threatened drinking water, recreational and hydrological/ecological resource.  In the early part of this 
decade, the problems in the watershed were highlighted through a number of reports. A 2000 USGS 
report (Zarriello and Ries 2000) assessed causes of low flows in the basin.  In 2001, the Ipswich was 
classified as highly stressed by the Massachusetts Water Resources Commission in their Stressed Basins 
Report.  In 2003, American Rivers classified it as the third most endangered river in the nation, in large 
part due to excessive water withdrawals and reduced infiltration and water storage capacity.  There has 
also been extensive research on nutrient dynamics in the entire watershed (Williams et al. 2004; Williams 
et al. 2005). 
 
During the past decade there has also been increased emphasis on addressing the problems within the 
watershed.  The 2003 Ipswich River Watershed Action Plan (WAP) provided the impetus for many of 
these changes.  Recommendations in the WAP included calls to maximize recharge of precipitation and 
stormwater runoff to preserve and enhance baseflow, to design stormwater remediation projects to 
increase infiltration and recharge and to improve storage in the groundwater reservoir by promoting 
infiltration of stormwater and roof runoff on both small and large-scales.  Also in 2003, the EPA 
established the Targeted Watershed Program and in 2004, a partnership between the MA Department of 
Conservation and Recreation, the Ipswich River Watershed Association, the USGS and the municipalities 
of Reading, North Reading, Wilmington and Topsfield received funding for nine demonstration projects 
highlighting practical low impact development and water conservation solutions. 
 
The Upper Ipswich Basin is of particular concern (the Town of North Reading is entirely located within 
the upper basin).  In the past three decades, urbanization and suburbanization and the subsequent land use 
changes associated with them, have strongly impacted both the hydrological patterns and the ecological 
integrity of the watershed.  Zarriello and Ries (2000) reported that the upper basin has, on average, 35% 
more residential development and 22% less forests and open space than the lower basin.  This 
urbanization and suburbanization has impacted precipitation runoff processes, surface and groundwater 
hydrology, water quality, soil erosion and ultimately the ecological integrity and stability the wetland, 
riparian and freshwater communities.  In particular, the negative impacts of impervious surfaces and the 
installation of stormwater conveyance systems on natural stream, wetland and riparian forest systems is a 
growing concern (Allan 2004; Lyon 2007; Elmore and Kaushal 2008).  All municipalities in the basin, 
including the targeted community of North Reading, will need to develop cost effective means for 
restoring or minimizing impact, and planning future growth.   
 
The entire project assessment area, the Upper Ipswich River (MA92-06-2006), is classified as Category 5 
waters according to the 2006 303(d) list for Massachusetts.  Impairments listed for the HUC 12 sub-basin 
are biota, habitat alteration, low dissolved oxygen, low flow, nutrients, organic enrichment/low dissolved 
oxygen and pathogens. 
 
 
A5.2. Intended Usage of Data 
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The current project builds on previous stormwater remediation and habitat restoration work in the Upper 
Ipswich Basin.  The goal of this project is to conduct assessments of stormwater conveyances, streambank 
erosion, sediment plumes at outfalls, and water quality in small-scale catchments in the upper Ipswich 
watershed area.  The project will focus on 15 direct outfalls from stormwater conveyance systems along 
an approximately 2 mile stretch of the Ipswich River between its convergence with Martins Brook and the 
Middleton Town line in North Reading.  All sites are located in North Reading.  Phase I of the project 
involves conducting streambank erosion and sediment plume assessments at the 15 outfalls as well as 
estimating runoff in the 15 catchments.  Catchment assessments will include area, slope, land use, 
impervious cover, soil type, conveyance system mapping and water quality sampling.   
 
In Phase II of the project, extensive water quality and flow assessments will be made on a subset of 5 
outfalls. The primary water quality focus will be on measuring TSS, dissolved oxygen, chloride, total P 
and E. coli during storm events, although a host of other parameters will be analyzed.  Flow will also be 
measured during storm events.  Merrimack College, through previous work in the watershed, has a water 
quality laboratory ready and equipped to conduct the required water sampling/analysis at the outfall 
locations. 
 
In order to assess the impacts of storm events, we propose to study up to three storm events at each of the 
15 outfalls.  Storm event criteria are:  a minimum rainfall of 0.5 inches in a 24-hr period; a minimum 
duration of 5 hours; a minimum antecedent dry period (ADP) of at least 2 days; and a minimum of two 
post-storm dry days.  The goal of this sampling is to produce hydrographs for each outfall and to look at 
TSS, total P loads and other key water quality parameters over the hydrograph.  During storm events, 
flow will be determined either every 15 minutes for the first hour and hourly samples will be collected 
subsequently or continuously using continuous flow monitoring.  First flush TSS and nutrient sampling 
will also take place every 15 minutes for the first hour of the storm event and every hour after that. 
 
The overall objective is to use the assessment information collected in both Phase I and Phase II, to 
inform the design and development of implementation plans for BMPs that mitigate nonpoint source 
(NPS) pollution caused mainly by stormwater runoff.   This information will be used to produce: (1) 
detailed BMP placement and restoration project plans (and cost estimates) for 3 of the outfalls; and (2) 
detailed streambank erosion restoration plans for those same outfalls. 
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A6. Project/Task Description 
 
A6.1. General Overview of Project 
 

The goal of this project is to conduct assessments of stormwater conveyances, streambank erosion, sediment 
plumes at outfalls, and water quality in small-scale catchments in the upper Ipswich River watershed.  This 
assessment information will be used to design low impact BMPs that will mitigate NPS pollution caused 
primarily by stormwater runoff and develop implementation plans for these BMPs. 
 
Specific activities to be conducted during this project include: 
 

1) Prepare a Quality Assurance Project Plan (QAPP); 
2) Assess streambank erosion, sediment plumes and catchment runoff; 
3) Sample catchment water quality and flow during storm events; 
4) Prepare conceptual plans and cost estimates; and 
5) Provide a Final report on project activities and recommendations. 

 
There are approximately 15 direct outfalls from stormwater conveyance systems into the Ipswich River 
along the 2-mile stretch between its convergence with Martins Brook and the Middleton Town line in 
North Reading that are accessible for sampling (there are more but they are either too small or 
inaccessible to traversing  through private property - see Appendix A).   In Phase I of the project, project 
personnel will conduct several tasks as outlined below. 
 

• Delineate the catchments areas for each outfall 
• Conduct streambank erosion assessments at each outfall 
• Assess sediment plumes at each outfall 
• Estimate the runoff at each outfall location 
• Collect base flow water samples from outfalls (if possible) 
• Begin developing culvert/stage discharge regressions using continuous flow monitoring 

 
Based on these 15 outfall assessments, a technical memorandum will be produced that outlines the 
purpose, methodology, evaluation criteria, provides a map of sites for review and approval by MassDEP and 
provides a list of streambank erosion sites.  Based on this assessment, five (5) sites will be chosen for more 
intensive water quality and flow monitoring.  The technical memorandum will also be submitted to EPA 
for review and approval as a QAPP modification. 
 
Phase II of the project involves water quality and flow assessment for up to 3 storm events at the 5 selected 
catchments.  Culvert/stage discharge regressions will be developed for each of the 5 outfall using 
continuous flow monitoring equipment to facilitate monitoring storm events.  Phase II assessments will 
also include collection of water quality samples to be assessed for: TSS, total P, chloride, flow, dissolved 
oxygen, E. coli and other parameters including temperature, conductivity, pH, nitrate, nitrite, sulfate, ortho-
P, color, turbidity and chlorophyll during up to three storm events.  Project personnel will conduct first flush 
water quality monitoring during up to three storm events.  First flush sampling (water quality and flow) will 
take place every 15 minutes for the first hour of the storm event, then grab water samples will collected and 
flow calculated every hour until flow stops at the outfalls. Upon completion of this work, a comparative 
flow modeling report will be prepared and submitted. 
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A6.2. Analytical Parameters 
 

The analytical parameters fall under four main categories:  (1) Streambank Erosion and Sediment Plume 
Assessments that will include quantitative assessment of sediment plumes and assessment of streambank 
erosion near the 15 targeted outfalls; (2) Delineating Catchment Areas and Estimating Runoff  that will 
involve compiling and analyzing relevant GIS data layers, field mapping and quantifying key catchment 
characteristics for the 15 targeted catchments; (3) Storm Event Outfall Flow Monitoring that will involve 
limited monitoring on the  15 catchments, including developing culvert/stage discharge regressions, but 
more intensive flow and water quality monitoring on 5 selected catchments; and (4) Storm Event Outfall 
Water Quality Monitoring that will involve limited monitoring on the entire suite of 15 catchments but 
more intensive storm event monitoring on 5 selected catchments.   
 
Intensive water quality and flow monitoring will be conducted to assess water quality exiting the 
stormwater conveyance systems.  Monitoring is based on both addressing the impairments in the region 
and the analytical capacity of the Merrimack College Environmental Analysis Laboratory and will 
include the following key parameters:   
 

• Outfall flow and discharge 
• Total Suspended Solids (TSS) 
• Total Phosphorus (total P) 
• Chloride 
• Dissolved oxygen 
• E. coli  
• Temperature 
• pH 
• Conductivity 
• Ortho-phosphorus (ortho-P) 
• Nitrate 
• Nitrite 
• Sulfate 
• Turbidity 
• Color (PCU) 
• Chlorophyll 

 
Continuous flow monitoring will be conducted at individual outfalls using an ISCO2150 Flow Module.  
We will conduct first flush water quality monitoring for up to 3 storm events (storm event defined as: a 
minimum rainfall of 0.5 inches in a 24-hr period; a minimum duration of 5 hours; a minimum antecedent 
dry period (ADP) of at least 2 days; and a minimum of two post-storm dry days). First flush TSS and 
nutrient sampling will be done every 15 minutes for the first hour of the storm event.  Subsequently, grab 
water samples will be collected and flow will be determined in 5 minute intervals until flow ceases. 
 
Sampling will include field blanks (deionzed water), duplicates and lab spike samples.  At least 5% (1 in 
20 samples) of the total P and chloride samples will be duplicated and sent out for analysis by a DEP-
certified laboratory.  In addition, up to 5% of water quality parameters not directly linked to the Scope of 
Work for the project (pH, conductivity, nitrate, nitrite, sulfate) will be duplicated and sent out for analysis 
by a DEP-certified laboratory.  Known and commercially available QC standards will be used for QC of 
all relevant parameters. 
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A6.3. Sampling Sites 
 

Initially, fifteen (15) sampling sites along the Ipswich River will be assessed for stream bank erosion and 
sediment plumes.  Appendix A contains a GIS map, photographs and location descriptions of all the 
outfalls. Sampling sites were chosen based on their accessibility, their proximity to the main channel of 
the Ipswich River and the lack of any BMP implementation. 
 
 
A6.4. Project Timetable 
 
Table A6.4. A summary of start and completion dates for the project. 
 

Activity Projected Start Date Anticipated Date of 
Completion 

Task 1 - Update QAPP for Sampling and Assessment 
Revise and update QAPP January 2010 15 March 2010 
Recruit field and laboratory personnel January 2010 1 February 2010 

Student training workshops 
March 2010 
March 2010 
April 2010 

March 2010 
March 2010 
April 2010 

Task 2 - Assessment of Streambank Erosion and Sediment Plumes 
Sediment plume assessment March 2010 June 2010 
Streambank erosion assessment April 2010 June 2010 
Estimating runoff from catchments March 2010 June 2010 
Develop culvert stage/discharge regressions March 2010 June 2010 
Task 3 - Catchment Water Quality and Flow Modeling Assessments 
Flow monitoring March 2010 September 2010 
Water quality monitoring March 2010 September 2010 
Task 4 - Conceptual Plans and Cost estimates for Catchment Remediation 
Submit conceptual plans to implement BMPs July 2010 March 2011 
Meet with Town officials July 2010 March 2011 
Task 5 - Conceptual Plans for Streambank Restoration 
Prepare conceptual plans August 2010 April 2011 
Submit conceptual plans August 2010 April 2011 
Meet with Town officials August 2010 April 2011 
Task 6 – Reports 
Progress and Financial Reports  January 2010 June 2011 
Final Report October 2010 June 2011 
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A6.5. Project Schedule (December 2009 to June 2011) 
 
 
 
 

Table A6.5.  An overview of the project tasks with timeline and schedule. 
  

 2010 2011 
D J F M A M J J A S O N D J F M A M J TASK 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Task 1 - Update QAPP for Sampling and Assessment 
Update QAPP                    
ISCO 2150 
Training 

                   

Task 2 - Assessment of Streambank Erosion and Sediment Plumes 
Streambank 
Erosion 

                   

Sediment Plumes                    
Estimate Runoff                    
Develop culvert 
stage/discharge 
regressions 

 
                  

Task 3 - Catchment Water Quality and Flow Modeling Assessments 
Flow                    
Water quality                    
Task 4 - Conceptual Plans and Cost estimates for Catchment Remediation 
Submit Plans                    
Meet with Town 
Officials 

                   

Task 5 - Conceptual Plans for Streambank Restoration 
Prepare and 
Submit 
Conceptual Plans  

 
                  

Meet with Town 
Officials 

                   

Task 6 – Reports 
Progress and 
Financial 
Reports 

 
                  

Final Report                    
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A7.  Quality Objectives and Criteria 
 
The overall data quality objectives relate to the main parameters being analyzed. Precision, accuracy, 
representativeness, completeness, and comparability comprise the major data quality indicators used to 
assess the quality of the project’s data.   
 

• Precision is the degree of agreement among repeated field measurements of the same indicator is 
a measured by the analysis of duplicates.  It is stated as the relative percent difference (RPD) 
between the results for each pair of duplicates.  Duplicates are two separate samples taken 
simultaneously (or as close together as possible) at the same location.  Table A7.1 summarizes the 
data quality objectives for parameters in the study, including precision.  The overall precision 
objectives are as follows: < 20% between field duplicates for TSS, total-P, ortho-P, chloride, 
nitrate, nitrite, sulfate, D.O., conductivity, sediment depth, sediment plume volume and particle 
size; < 10% between duplicate field readings for pH, chlorophyll and velocity using the Flo-Mate 
flow meters; < 5% between duplicate field readings for temperature and velocity and water depth 
using the ISCO 2150 Flow Module;  30% RPD for log-transformed duplicate data for E. coli; for 
color <50 PCU, 10 PCU, for color >50, 20% RPD; and for turbidity 10% RPD for measurements 
> 1 NTU. 

 Accuracy is a measure of confidence that describes how close a measurement is to its “true” or 
expected value.  Accuracy will be measured primarily by using known QC standards for all 
relevant parameters.  In addition, samples can be divided into two portions (or aliquots).  A 
known amount of a QC standard can then be added (or “spiked”) to one aliquot.  Both aliquots 
are then analyzed and the amount of the spiked material recovered is compared to the amount 
added.    

 Representativeness is the extent to which measurements actually represent the true 
environmental condition.  Parameters, site selection, time, and frequency of sample collection can 
all play a role in determining how representative a sample is.  The data collected in this project 
will be representative of the specific sites monitored within the study area. Results will not be 
extrapolated to other, unmonitored, portions of the watershed or outside of the 
catchment/watershed study area. 

• Comparability is the extent to which data can be compared between sample locations or periods 
of time within a project, or between different projects.  Standardized sampling and analytical 
techniques with similar reporting limits help to ensure comparability. We will use standard 
equipment and methods. We will also be using many of the same procedures and equipment that 
were used in previous studies in the upper Ipswich River Basin (Lyon 2007).  

 
• Completeness is the comparison between the amount of valid or usable data the program 

originally intended to collect versus how much was actually collected.  We will achieve 
completeness through our Phase I analysis of all 15 outfall locations.  We also will have flow and 
water quality data for three storm events (exceeding 0.5 inches precipitation in a 24 hour period) 
for 5 targeted catchments as part of Phase II. In addition to the primary parameters outlined in the 
Scope of Services and being monitored and analyzed in this project (flow, TSS, total P, dissolved 
oxygen, chloride and E. coli levels), project personnel will also conduct additional water quality 
analyses including temperature, pH, conductivity, nitrate, nitrite, sulfate, ortho-P, color, turbidity 
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and chlorophyll..  Merrimack College faculty and students will conduct both the field sampling 
and laboratory analysis on these samples. 
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Phase I Assessments 
 
Sediment Plumes – The goal is to obtain as accurate data as is possible on the spatial extent, depth, 
volume and particle size composition of sediment plumes at each of the 15 outfalls.  Assessments will be 
conducted to help determine the impacts of the conveyance system on the presence of any sediment 
plume and if plumes do exist, data on their extent and depth will help inform any proposed remediation 
efforts.    
 
To quantify the depth and volume of the plumes, a 2 sampling grid will be established around each outfall 
and sediment depths will be determined at each point within and immediately adjacent to the plume. The 
grid will extend beyond the plume so the extent of the plume can also be determined.  The depth of the 
plume at each sample point will be determined using a soil corer.  The grid methodology is illustrated on 
the Figure A7.1 below.   
 
Particle size analysis will also be conducted on a subset of 10 point samples in the plume.  Particle size 
analysis of plume samples will follow the ‘Rapid Method’ of Kettler et al. (2001) – see Appendix E. 
 

 
Figure A7.1. Sediment plume depth and extent sampling methodology. 

 
 
It may be difficult to determine the exact interface between in situ sediments that are from a conveyance 
system relative to existing sediments.  However, the majority of sediments are sand at these outfall and 
we will use visual estimates of the transition from sand to more organic sediments to determine 
approximate plume depth at each point.  For points were sediment depth cannot be discerned, it will be 
assigned a value of the mean of adjacent points.  The sediment plume assessment results will be used to 
identify those outfalls that have the largest sediment plumes (normalized by catchment area).  These 
results will be used as one of the criteria to determine which of the 15 catchments will be chosen for more 
intensive study. 
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Streambank Erosion – Due to the unique physical characteristics of each of the 15 targeted outfalls and 
associated sediment plumes and streambank erosion conditions, a flexible assessment strategy will be 
employed in an effort to capture the unique characteristics of each outfall site and to assess conditions that 
range from minimal to potentially severe erosion along the outfall ‘reach’ (USDA 2001).   Streambank 
erosion will be evaluated by: (1) assessing stream cross sections that extend a minimum of 50 ft from 
either side of the main stream channel from directly below outfall along the ‘outfall reach’ in 20-50 to 
foot increments to its confluence with the Ipswich River; (2) employing a modified Bank Erosion Hazard 
Index (BEHI) measurements at each of the stream cross sections (after Rosgen 2004); and (3) identifying 
vegetation cover types along the 50 ft borders on either side of the outfall reach.  
 
Bank material, bank angle/geometry, extent and type of vegetation and erosion/stability characteristics 
will be quantified at each site.  The criteria to be used and detailed methodology can be found in 
Appendix C. 
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Catchment Delineation and Runoff – In Phase I of the project, runoff will be estimated for each of the 15 
catchments.  Culvert/stage discharge regressions will be developed for all 15 outfalls based on discrete 
and some storm event sampling.   Continuous flow monitoring will be conducted on individual outfalls 
for individual storm events during Phase I using an ISCO2150 Flow Module.  The ISCO 2150 unit will 
be deployed at one site at a time and we will capture the entire hydrograph for an individual storm event.  
Data from this monitoring will be used to develop culvert/stage regression for the outfall. 
 
One of the goals of this project is to locate opportunities and need for best management practices 
installations which will improve water quality, and reduce water quantity delivered to the Ipswich River 
during rainstorms.  Baseline catchment evaluations, along with our initial water quality sampling results 
will be used to estimate first flush loading and potential catchment runoff loading annually.  These results 
will direct improvements to catchments where improvements are most needed. 
 
It is important to note, that the damage done by high runoff itself, even without high loading of pollutants 
is significant, due to its ability to scour and erode.  We expect that as we gather data at these outfall 
locations, each catchment will display unique characteristics for flow volume, intensity and water quality.  
 
The ‘Simple Method’ will be used to calculate runoff (Schueler 1987). This method calculates annual 
runoff (or individual storm events) as a product of annual rainfall volume, and a runoff coefficient (Rv). 
Runoff volume is calculated as: 

R = P * Pj * Rv 
Where:  R = Annual runoff (inches)  

P = Annual rainfall (inches) 
Pj = Fraction of annual rainfall events that produce runoff (usually 0.9) 
Rv = Runoff coefficient 

 
In the Simple Method, the runoff coefficient is calculated based on impervious cover in the catchment. As 
noted above, these calculations can also be made on a storm event basis. 
 
Calculation for Runoff Coefficient 

In the Simple Method, the runoff coefficient is calculated based on impervious cover in the catchment. 
Catchment imperviousness has been shown to be a reasonable predictor of Rv (Schueler 1987). The 
following equation represents the best fit line in the dataset. 

Rv = 0.05 + 0.9Ia 

Where: Rv = Runoff coefficient  
Ia = Percent impervious area draining to the structure in decimal form 

 
A geographical information system (GIS) analysis using ESRI ArcView software will be used to delineate 
each of the 15 catchment, sub-catchments and determine their actual impervious cover.  Urban 
imperviousness is one of the most critical indicators of water quality problems, however directly 
connected impervious cover is the major source of urban runoff (Lee and Haney, 2003).  
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GIS analysis and field study will be used to determine the directly connected impervious surface in order 
to improve runoff estimations. 
 
In order to estimate actual impervious cover, North Reading GIS planimetric data, including building 
footprint, driveway, parking lot and roadway polygons will be compared to 2008 Color Ortho Imagery 
and 2005 Impervious Surface raster available from Commonwealth of Massachusetts Office of 
Geographic and Environmental Information (MassGIS).   
 
The Simple Method will be applied to each catchment area, using the verified sub-catchment area and 
percent impervious cover.  Catchment delineation will be based on outfall locations and topography.  
Stormwater infrastructure will be evaluated to identify any out of basin transfers.   
The existing storm piping systems which drain to the outfalls we will investigate are about 60 years old, 
except for the areas immediately preceding the outfalls, on Park Street and Elm Street.  In those areas, 
along State Route 62, culverts and outfalls were replaced 5 years ago during the Route 62 improvement 
project conducted by Mass Highway. 
 
The stormwater systems have been mapped and sized, and the tabular information is available in the GIS 
layer.  Most of the entries for catch basins contain invert elevation data.  The quality of the GIS data is 
very good, although not all catch basins have been field checked.  As part of this study, all catch basins 
and manholes located on the Town’s GIS layer will be field checked and the GIS layers will be corrected. 
 
Sizing for the new culverts and piping that were installed during Mass Highway’s Route 62 project used 
the Rational Method for runoff calculations to determine the peak discharge.  No other hydrologic 
modeling has been performed.  Our simple method calculations will be compared to Mass Highway 
calculations used to size the new culverts.  
 
In order to estimate actual impervious cover, North Reading GIS planimetric data, including building 
footprint, driveway, parking lot and roadway polygons will be compared to 2008 Color Ortho Imagery 
and 2005 Impervious Surface raster available from Commonwealth of Massachusetts Office of 
Geographic and Environmental Information (MassGIS).   
 
Rainfall – All rainfall information will be measured using a Davis Vantage Pro2 Weather Station 
mounted at 4 Comeau Road in North Reading, MA which is located within the Ipswich River watershed.  
The weather station/rain gauge location will follow NOAA guidelines 
(www.srh.noaa.gov/ohx/dad/coop/EQUIPMENT.pdf) such that it: 
 

• Will be located away from buildings, trees, utilities that may obstruct precipitation 
• The distance from the rain gauge to the obstruction will be at least twice the height of the obstruction (building, 

tree) 
• Will have good exposure, but secured firmly on structure or in the ground 
• Will be in a location to lessen impact of wind speed on precipitation (e.g. an exposure that dampens the wind 

speed) 
• Will be mounted so the top of the funnel is well above the top of the post or similar mount 
• Will be checked for clogs, debris or other interferences at least once per week and before each potential storm 

event rainfall. 
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Rainfall amounts during storm events, and in all other aspects of the project, will be determined using 
data from the station with rainfall measured at 0:15 minute intervals.  The Project Manager and the 
Quality Assurance Officer may need to adjust the dry and wet weather criteria based on actual weather 
conditions.  Any deviations from the plan will be noted in the sampling reports.  The Project Manager 
will keep track of atmospheric conditions and the development of potential storms. All potential samplers 
will be informed when conditions are favorable for a significant precipitation event to occur 
 
A storm event will be defined by the following rainfall criteria for the stormwater monitoring program at 
the 5 selected outfalls: 
 

• Minimum rainfall of 0.5 inches in a 24-hr period 
• Minimum duration of 5 hours 
• Minimum antecedent dry period (ADP) of at least 2 days 
• Minimum of two post-storm dry days 

 
Lori Lynes, resident at 4 Comeau Road in consultation with the Project Manager and the Quality 
Assurance office will check and report on the accuracy of the rainfall meter such as recommended by the 
manufacturer. 
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Phase II Assessments 
 
In Phase II of the catchment runoff work, 5 catchments will be chosen for further analysis.  There will be 
four main selection criteria/categories that will be considered in prioritizing the list of 15 catchments: 
 

• Extent of sediment plume volume normalized by catchment area 
• Erosion Hazard Index (EHI) scores 
• Level of water quality impairment 
• Potential for site access for remediation activities 

 
All 15 catchment/outfall sites will be ranked based on the highest ‘scores’ in each of these categories (i.e., 
most extensive plumes, high EHI scores, highest potential for site access, and those with the most water 
quality impairments).  Those sites with the highest composite scores will be identified for further study.  
Based on this work, a technical memorandum will be prepared that outlines the purpose, methodology, 
evaluation criteria, and provides a map of sites for review and approval by MassDEP and EPA for further 
work.  Once the five highest ranked catchments are identified, more intensive work will take place at the 
five selected sites. 
 
During Phase II, project personnel will further delineate connected runoff and conduct intensive field 
checks of the stormwater conveyance systems in the 5 catchments.  Detailed measurements will include: 
 

• Detailed GIS mapping of all conveyance structures 
• Detailed data on conveyance component invert elevations 
• Detailed data on conveyance component dimensions including closed and open conduit shapes, 

storage/treatment devices, pumps, and regulators as well as natural channel measurements 
 
During this work, project personnel will consider employing the Storm Water Management Model 
(SWMM) in consultation with EPA and DEP personnel.  SWMM modeling, if appropriate, can then be 
used to model runoff. Any such modeling program will require an addendum to the existing QAPP and 
require both DEP and EPA approval. 
 
Flow Monitoring – The goal is to obtain flow monitoring data that: (1) are accurate and precise; (2) can 
be used to estimate flow and runoff; and (3) be used to calibrate and/or verify Standard Method modeling 
results.  Flow monitoring will be conducted on up to 5 catchments and based on up to 3 storm events and 
hundreds of individual sample points.  For each of the 5 catchments, culvert/stage discharge regressions 
will be developed based on storm event flow and culvert stage (water depth) data using both an ISCO 
2150 Area Velocity Flow Module and Marsh-McBirney Flo-Mate 2000 flow meters.  New England 
Environmental Equipment staff (1 DeAngelo Drive, Bedford, MA 01730) will provide the Project 
Managers system start-up and operating training for use of the ISCO 2150 as well as the related Flowlinks 
5.1 software.  This training will take place in March of 2010. 
 
Developing predictive culvert/stage discharge regressions will facilitate storm event sampling at each 
outfall and continuous flow monitoring will not be necessary.  However, during storm events, the flow 
calculations will be verified by ‘spot’ flow sampling at each of the 5 outfalls. 
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Water Quality Monitoring – The goal is to obtain water quality data that: (1) are accurate and precise; (2) 
can be compared with the water quality criteria established in 314 CMR 4.00: Massachusetts Surface 
Water Quality Standards; although not directly as the outfall water is not ambient water; (3) can be used 
to compare with previous water monitoring data collected in the watershed; and (4) can be integrated into 
the flow and runoff results to calculate loadings.  
 
There are three general sources of error than will determine the overall accuracy of the data: variability 
within the matrix (sampling error); the quality and resolution of the equipment and analytical methods 
(measurement error); and the skills and understanding of the samplers (observer error). The overall 
accuracy could be calculated by combining the three error terms (if all of them could be determined).   
 
Table A7.1 summarizes the data quality objectives for the water quality portion of the monitoring effort. 
These objectives will be measured following the outline presented after Table A7.1. 
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Table A7.1.  Data quality objectives (DQOs) for measurement data. 
 

Indicator Units 
Method 

Detection 
Limit 

Minimum 
Reporting 

Limit 
Accuracy/Bias 

Overall 
Precision 
(RPD*) 

Approx. Potential 
Range 

Total Suspended 
Solids (TSS) mg/L 0.1 mg/L 0.1 mg/L ± 0.1 mg/L < 20% between 

field duplicates 0 – 200 mg/L 

Total Phosphorus 
(Total P) mg/L P 0.003 mg/L 0.005 mg/L 

80% - 120% 
recovery of lab 
fortified matrix 

< 20% between 
field duplicates 0 – 1 mg/L 

Ortho-P mg/L P 0.005 mg/L 0.010 mg/L + 5% of known QC 
standard 

< 20% between 
field duplicates 0 - 1 mg/L 

Chloride mg/L 0.02 mg/L 0.05 mg/L + 5% of known QC 
standard 

< 20% between 
field duplicates 0 - 10 mg/L 

Nitrate mg/L 0.008 mg/L 0.023 mg/L + 5% of known QC 
standard 

< 20% between 
field duplicates  0 - 10 mg/L 

Nitrite mg/L 0.008 mg/L 0.023 mg/L + 5% of known QC 
standard 

< 20% between 
field duplicates  0 - 2 mg/L 

Sulfate mg/L 0.02 mg/L 0.05 mg/L + 5% of known QC 
standard 

< 20% between 
field duplicates 0 - 10 mg/L 

Dissolved Oxygen mg/L 0.05 mg/L 0.05 mg/L ± 0.2 mg/L < 20% between 
field readings 0 - 20 mg/l 

E. coli 
# colonies/ 
100 ml or 

MPN 

1 colony/ 
100 ml 

1 colony/ 
100 ml 

Blanks and negatives 
show no colonies, 
positives do show 

30% RPD for 
log-transformed 
duplicate data 

0 - 1,000,000 colonies 

Flow 
Flo-Mate 2000 ft/sec 0.0 ft/sec  0.05 ft/sec ± 2% of reading 

+zero stability 
< 10% between 
field readings 

0 to 20 ft/sec 
 

Flow 
ISCO 2150 cfs 0.04 cfs 0.04 cfs velocity + 0.1 ft/sec 

depth  + 0.01 ft 
< 5% between 
field readings 

0 - 20 ft/sec 
0.003 – 10.0 ft 

Temperature °C 0 oC  0.1oC +/- 1oC < 5% between 
field readings 0 - 35oC 

pH pH units na na + 5% of known QC 
standard 

< 10% between 
field readings 0 - 14 

Conductivity µS/cm 2 µS 4  µS + 5% of known QC 
standard 

< 20% between 
field readings 

1-1000 µS/cm 
 

Color PCU 0 PCU 5 PCU 80-120% of color 
standard 

<50, 10 PCU 
>50, 20% RPD 0 – 100 PCU 

Turbidity NTU 0.1 NTU 0.2 NTU 1% of scale (0-10) 
5% of scale (0-100) 

10% RPD if  
> 1 NTU 

0 – 200 NTUs 

Chlorophyll  
(in vivo) µg/L 0.3 µg/l 0.6 µg/L na < 10% between 

field readings 
0 - 200 µg/L 

 

Particle Size mm 
(microns) 63 microns 63 microns 75-125% recovery of 

known particle sizes 
< 20% between 
field duplicates 63 microns to >2mm 

Sediment Depth ft 0 ft 0.01 ft na < 20% between 
field duplicates 0 – 2 ft 

Sediment Volume ft3  0 ft3 5 ft3 na 
< 20% between 
duplicate field 
measurements 

0 –  3,000 ft3 

Rainfall in 0.01 in 0.01 in 
For rain rates up to 
2"/hr: ±3% of total 
or +0.01" 

na 0 – 96 in 

Water laboratory method blanks will be considered acceptable if target analyte concentrations were below their 
respective method detection limit (MDL). 
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A7.2.   Measuring DQOs 
 

It should be noted that based on the Massachusetts Water Quality Criteria (see Appendix G), all reporting 
limits for relevant parameters noted in Table A7.1 are below the state standards and the potential range 
covers the ranges of all relevant parameters. 
 
Water Quality Parameters 
 
Total Suspended Solids (TSS):  TSS will be measured by filtering 1.0 L of sample water through a pre-
washed and pre-weighed Whatman GFC filter. Following filtering, the filters will be dried in aluminum 
holders for 24 hours at 104oC.  Following drying, samples will be re-weighed using a Mettler AE260 
Balance. Students will be trained by the QC Officer and the Project Managers on how to filter, dry and 
weight the samples at a training session before the project begins. Merrimack students will be given 
written instructions for analysis in the lab (see Appendix E). TSS samples will be collected in the field in 
1 L HDPE bottles (see Appendix C for field sampling instructions). 
 
The organic fraction of the TSS on the filter will be determined by the loss on ignition method using a 
Barnstead Thermolyne 47900 Furnace set at 450oC for 8 hours.  Filters will be weighed after ignition and 
the organic fraction will equal the total weight (after drying at 104oC) minus the weight after ignition.  
Students will be trained by the QC Officer and the Project Managers on how to use the furnace and 
weight the samples at a training session before the project begins. 
 
Total Phosphorus:  Samples will be collected in acid washed HDPE sample bottles.  Total P will be 
digested using a persulfate acid digestion (Method 4500-PB.5) and total phosphate will be measured via 
the ascorbic acid method (Method 4500-PE).  Calibration using standards that are carried through the 
digestion will be done. Students will be trained in all the protocols (see Appendix E). Some 5% of 
samples will be split and simultaneously analyzed at a DEP-certified laboratory. 
 
Ortho Phosphorus:  Samples will be collected in HDPE sample bottles and measured using a Dionex ICS-
90 Ion Chromatograph (see Appendix E for Lab SOP). Up to 5% of samples will be simultaneously 
analyzed at a DEP-certified laboratory. 
 
Chloride:  Samples will be collected in HDPE sample bottles.  Chloride will be analyzed from raw 
samples using a Dionex ICS-90 Ion Chromatograph (USEPA Method 300.0).  Calibration will be 
conducted using certified Dionex standards.  Students will be trained in all the protocol (see Appendix 
E). 
 
Nitrate:  Samples will be collected in HDPE sample bottles.  Nitrate will be analyzed from raw samples 
using a Dionex ICS-90 Ion Chromatograph (USEPA Method 300.0).  Calibration will be conducted using 
certified Dionex standards.  Students will be trained in all the protocols  (see Appendix E for Lab SOP).  
Up to 5% of samples will be simultaneously analyzed at a DEP-certified laboratory. 
 
Nitrite:  Samples will be collected in HDPE sample bottles.  Nitrite will be analyzed from raw samples 
using a Dionex ICS-90 Ion Chromatograph (USEPA Method 300.0).  Calibration will be conducted using 
certified Dionex standards.  Students will be trained in all the protocols (see Appendix E for Lab SOP). 
Up to 5% of samples will be simultaneously analyzed at a DEP-certified laboratory. 
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Sulfate:  Samples will be collected in HDPE sample bottles.  Nitrite will be analyzed from raw samples 
using a Dionex ICS-90 Ion Chromatograph (USEPA Method 300.0).  Calibration will be conducted using 
certified Dionex standards.  Students will be trained in all the protocols (see Appendix E for Lab SOP). 
Up to 5% of samples will be simultaneously analyzed at a DEP-certified laboratory. 
 
Dissolved oxygen:  A YSI 6920-S Multi-Parameter Probe will be used to measure dissolved oxygen in 
the field. The probe will be calibrated using saturated air calibrations before each sampling day.   
Collectors will be trained by the QC Officer and the Project Managers on how to use the dissolved 
oxygen capacity of the probe and how to read it at a training session before the project begins (see 
Appendix C). 
 
E. coli: One blank field sample (sterile solution poured in a sterilized 50 ml bottle in the field) and one 
blank lab sample will be run every collection by the lab.  One collector will take replicate field samples 
each collection. We will rotate which collector takes a field replicate to check on as many collectors as 
possible.  One sample will be run in duplicate each analysis day to provide lab duplicates.  For precision, 
the mean from historical lab duplicates will be determined as well as the standard deviation for the lab.  If 
lab duplicates in this project do not fall within 3 standard deviations of the mean, the data will be 
discarded, and equipment and methods will be examined to determine where improvements can be made.  
 
Flow Monitoring:  Determined via Flo-Mate 2000 portable flow meters (see Appendix C). Calibration 
procedures will follow the manufacturer’s guidelines and protocols. Outfall or culvert stage will be 
measured by measuring stream height of the water moving through the culvert with a thin, yard stick or 
from the top of the culvert to the surface of the water. 
 
Continuous Flow Monitoring:  Continuous flow monitoring will be conducted using an ISCO Model 
2150 Area Velocity flow module.   The unit uses continuous wave Doppler (frequency 500 kHz) to 
measure velocity and area.  The unit is linked to ISCO Flowlinks 5.1 software (see Appendix C).  The 
ISCO 2150 comes with adaptable spring rings to fit culverts ranging from 12 to 36 inches in diameter. 
 
Temperature: A YSI 6920-S Multi-Parameter Probe will be used in the field to measure temperature.  The 
probe will be calibrated against the annually certified Standard NIST thermometer kept in the Physics 
Department at Merrimack College. Collectors will be trained by the QC Officer and the Project Managers 
on how to use the thermometer and how to read it at a training session before the project begins. 
Merrimack students will be given written instructions to bring along each collection (see Appendix C for 
field sampling instructions and SOP). 

 
pH:  A YSI 6920-S Multi-Parameter Probe will be used to measure pH in the field.  The probe will be 
calibrated using 4.01 and 7.00 pH buffers before each sampling day.   Collectors will be trained by the 
QC Officer and the Project Managers on how to use the pH capacity of the probe and how to read it at a 
training session before the project begins. Merrimack students will be trained in collection procedures 
(see Appendix C for field sampling instructions and SOP). 
 
Conductivity:  A YSI 6920-S Multi-Parameter Probe will be used to measure conductivity in the field.  
The probe will be calibrated using 0, 100 and 280 µs standards before each sampling day.   Collectors 
will be trained by the QC Officer and the Project Managers on how to use the conductivity capacity of the 
probe and how to read it at a training session before the project begins (see Appendix C for field 
sampling instructions and SOP). 
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Color:  Color will be determined using a Hach Color Model CO-2 0-100, 0-500.  Students will be trained 
in all the protocols (see Appendix E for Lab SOP). 
 
Turbidity: A Hach 2100 N Turbidimeter will be used to measure turbidity.  The turbidimeter will be 
calibrated using five Hach NTU standards of 0, 5, 10, 20 and 100 NTU.   Students will be trained by the 
QC Officer and the Project Managers on how to use the turbidimeter and how to read it at a training 
session before the project begins. Turbidity samples will be collected in the field in amber, HDPE bottles 
(see Appendix E for laboratory SOP). 
 
Chlorophyll:  A YSI 6920-S Multi-Parameter Probe will be used to measure in-vivo chlorophyll 
fluorescence in the field.  The probe will be calibrated using an internal calibration procedure before each 
sampling day.   Collectors will be trained by the QC Officer and the Project Managers on how to use the 
chlorophyll capacity of the probe and how to read it at a training session before the project begins. It 
should be noted that the probe provides an approximation of chlorophyll.  Given that chlorophyll is not 
part of the critical water quality parameters being analyzed under the Scope of Work, no additional 
verifications will be obtained (see Appendix C for field SOP). 
 
Particle Size:  Particle size determination will follow after the ‘Rapid Method’ of Kettler et al. (2001).  
This method involves the combined use of a dispersing agent, shaking, sieving and drying to ascertain 
percent sand, silt and clay fractions in sediment samples.  Details of the methodology are provided in 
Appendix E. 
 
Sediment Depth:  To quantify the depth and volume of the sediment plumes, a grid will be created around 
the outfall and along the main outfall channel and sediment depths will be determined at each point within 
and immediately adjacent to the plume. The grid will extend beyond the plume so the extent and elevation 
of the plume can also be determined.  The depth of the plume at each sample point will be determined 
using a soil corer.  The grid methodology is illustrated in Figure A7.1 
 
Sediment Volume:  Approximate sediment volume will be calculated by summing the area of the plume 
using sample point sediment depth data from across the extent of the sediment plume. 
 
Rainfall:  A Davis Vantage Pro2 Weather Station will be used to collect rainfall data.  The station will be 
located at 4 Comeau Road in North Reading.  Lori Lynes, resident at that address and computer software 
specialist with both maintain the weather station and store and manage rainfall data.  Information on 
operation of the weather station is provided in Appendix C. 
 
Deionized Water Source:  Deionized water with a specific conductance at or below 2.0 microsemens per 
centimeter will be used for all analytical work. The 17-18 megohm/cm deionized water is produced by a 
Barnstead Type D4700 Nanopure Analytical Deionization System with an organic free cartridge. This 
system is attached to a U.S. Filter Water System with an Activated Carbon Unit # 2937, a 10'' Ametek 
filtering system, and #2936 mixed bed Deionizers. 
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Table A7.2.  Number of valid samples anticipated for Discrete Event Sampling (Non-Storm 
Events). 

 

PHASE I Sites 
Sampled 

Discrete 
Samples 2010 

Parameters 

TSS 15 5 5 sample per site 
75 samples per year 

Total P 15 5 5 sample per site 
75 samples per year  

Chloride 15 5 5 sample per site 
75 samples per year 

Dissolved Oxygen 15 5 5 sample per site 
75 samples per year 

E. coli 15 5 5 sample per site 
75 samples per year 

Temperature 15 5 5 sample per site 
75 samples per year 

pH 15 5 5 sample per site 
75 samples per year 

Conductivity 15 5 5 sample per site 
75 samples per year 

Ortho-P 15 5 5 sample per site 
75 samples per year 

Nitrate 15 5 5 sample per site 
75 samples per year 

Nitrite 15 5 5 sample per site 
75 samples per year 

Sulfate 15 5 5 sample per site 
75 samples per year 

Turbidity 15 5 5 sample per site 
75 samples per year 

Color 15 5 5 sample per site 
75 samples per year 

Chlorophyll 15 5 5 sample per site 
75 samples per year 

 

To develop stage-discharge relationships at each outfall site, a relatively large number 
of samples will be collected at each outfall site under a range of flow conditions 
(baseflow to peak flow).  While the exact number of samples to be collected is an 
estimate, flow samples will be collected until a stage-discharge regression can be 
developed.  Both the Marsh-McBirney Flo-Mate system and the ISCO Model 2150 
Area Velocity Flow Module will be used in this effort.  The velocity measures of the 
Flo-Mate will be calibrated with the ISCO unit at the same outfall to ensure the Flo-
Mate is calibrated and produces velocity results within 5% of the ISCO module.   
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Table A7.3.  Number of valid samples anticipated for Storm Event Sampling at Five (5) 
Targeted Catchments. 

 

PHASE II Sites 
Sampled 

Storm 
Events 2010* 2011* 

Parameters 

TSS 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Total P 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Flow (M-M)1 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Flow (ISCO)2 5 3 
Continuous flow monitoring 
system (sampling velocity and 
area every 1 minute) 

 

Chloride 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Dissolved Oxygen 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

E. coli 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Temperature 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

pH 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Conductivity 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Ortho-P 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Nitrate 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Nitrite 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Sulfate 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Turbidity 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Color 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

Chlorophyll 5 3 ~20 samples per storm event 
up to 300 samples per year 0 

 
1Velocity determined using a Marsh-McBirney Flo-Mate 2000 flow meter; water depth measured manually 
2 Velocity and water depth (area) determined using an ISCO Model 2150 Area Velocity Flow Module 
 

Note that while we anticipate the above-cited number of samples, any quality-controlled data we produce 
will be considered useful to our database, and missing some samples will not compromise our general 
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goal of providing information about water quality from the outfalls.  It is anticipated that with > 0.5 in 
storm event, we will get flows in all culvert outfalls, although the duration of flow remains to be 
determined.  Thus, in the above Table, we are estimating 20 samples during each storm event as a likely 
upper limit of samples we will be able to collect.  
 
A8.  Special Training/Certification 
 
A8.1. Training Logistical Arrangements 
 
Instruction in all aspects of project data collection and management shall be provided to project 
Merrimack College student participants (as applicable, depending on assigned tasks) and shall be 
documented, including trainee signatures, trainer signature(s), dates of training, and subject matter. 
 
All student project participants will be required to attend group training sessions for field sampling and/or 
laboratory analyses appropriate to the type of monitoring they will conduct.  The Monitoring Coordinator 
shall ensure that volunteers receive appropriate training by organizing and conducting workshops.  
Student participants failing to attend required training sessions and/or not meeting expectations shall not 
participate in data collection under this project specific QAPP.  
 
Table A8.1 below summarized the types, dates and frequency of training for students involved in the water 
quality and flow monitoring field sampling and/or analysis. 
 

Table A8.1.  Summary of student training procedures. 
 

Type of Student Training Frequency of Training/Certification 

Group training session for field sampling: lecture 
on QAPP, SOPs, safety 

March 2010 (date tbd) 
March 2010 (date tbd) 
April 2010 (date tbd – refresher training) 

Field sampling training session for field water 
quality sampling including multiparameter probe 
use and sample collection protocols (SOPs) 

March 2010 (date tbd) 
March 2010 (date tbd) 
April 2010 (date tbd – refresher training)) 

Field sampling training session for field flow 
sampling: field demonstration, SOPs 

March 2010 (date tbd) 
March 2010 (date tbd) 
April 2010 (date tbd – refresher training)) 

Laboratory analyses training session for analyzing 
samples: QAPP, SOPs, lab safety, data storage 

March 2010 (date to be determined) 
March 2010 (date to be determined) 
April 2010 (date tbd – refresher training)) 

 
No students will be allowed to participate in the project unless they participate in all the training sessions 
offered.  Each training session will be approximately 3 hours in length. 
 
 
 
A8.2. Description of Training and Trainer Qualifications 
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Student field and laboratory assistants will be trained on three separate occasions (see Table A8.1). This is 
not optional and collectors not attending this session will not be used to collect field samples.  Returning 
students will be required to come for a re-certification that day. Safety considerations in getting to their 
sites and in handling samples will be covered. Measurement of field measurements using the YSI multi-
probe (temperature, dissolved oxygen, conductivity; chlorophyll, pH) and sample collection procedure for 
bacteria, total P and all other measures, will be demonstrated. Instruction sheets on sampling protocols 
will be distributed to all student assistants (see Appendix C). 
 
Monitor performance will be evaluated through a field audit. As many of the student collectors as 
possible will be accompanied by the QC Officer or the Project Managers once a month the sampling 
season. The student collector’s techniques will be observed and corrected if necessary.  Some students 
(who may or may not work in both the field and lab) will be trained by the Lab Director to assist in the 
laboratory analyses. This training will take place on the first batch of discrete samples under Phase I of 
the project, before analyses are begun, and will cover sample handling, glassware washing, sterility 
considerations, use of analytical equipment (turbidimeter, TSS filtering techniques, ion chromatography) 
and record keeping. 
 
The QC Officer will be Dr. Jon Lyon. He has extensive backgrounds and experience in water quality 
sampling, analysis and QA/QC and has performed the same analyses in previous studies including a 
Diagnostic/Feasibility Study for the Skug River watershed (Lyon 2007). 
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A9.  Documentation and Records 
 
Documentation and record-keeping for all project activities related to data collection and data quality 
shall be implemented for the duration of the project. 
 
The following describes the minimum data reporting requirements necessary for proper documentation 
and QA/QC evaluation of the analytical data. 
 
Field Data Sheets will be completed on site at the time of sampling.  They will include the sample 
collection date and times, the site name, number and/or location, the type of sampler used, and samplers’ 
names.  The data sheets will accompany the samples to the drop-off point where the Field Coordinators 
will collect the samples and data sheets (see Appendix D) 
 
Sample Labels will be put on all water quality sample containers and will include the site name, date, 
time, location, type of sample, and sampler’s name(s). 
 

Project 2009-11/ARRA 604 
 
Outfall Location __________________________________ 

Site Code. ______________ Sample Type: ____________ 

Date: _________________  (mm/dd/yr)   

Time: ______________ am or pm 

Sampler’s Name(s) _______________________________ 

 
Chain of Custody Forms will accompany all (1) bacteria, (2) TSS, (3) total P and (4) combined anion, 
turbidity and color samples from collection sites to laboratories.  The forms will be signed by collectors 
and all individuals who gain custody of the samples until they arrive at the lab.  Information will agree 
with the label information on the sample bottles.  Information such as the ID number, date, time, type of 
sample, and samplers will be included on the Chain of Custody Form see Appendix D). 
 
Miscellaneous records for instrument checks, calibrations, and maintenance will be kept in a logbook 
in room 268, Mendel Science Center, Merrimack College.  
 
Maps and photographs of each outfall location shall be taken and stored in room 268, Mendel Science 
Center, Merrimack College. 
 
Training Records for all student participants involved in the project will be kept and stored in room 268, 
Mendel Science Center, Merrimack College. 
 
We will use Microsoft Excel as an electronic project database and it shall be organized and protected 
from loss and damage by backing it up weekly on two different flash drives.  The Merrimack College 
server also has a network backup.
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GROUP B.  DATA GENERATION AND AQUISITION 
 
B1. Sampling Process Design 
 
B1.A. Sampling Safety 
 
Personal safety shall be a primary consideration in all activities, including training programs, field data 
collection, transporting samples, laboratory processing of samples and laboratory analyses.  No sampling 
shall occur when personal safety is thought to be compromised.  A Project Manager and  Field 
Coordinators shall confer before each sampling event to decide whether adverse weather or other 
conditions pose a threat to safety of field volunteers, and will cancel/postpone sampling when necessary.   
 
Stormwater sampling can expose field personnel to hazardous conditions such as high flows, deep pools, 
soft sediments, etc. Therefore, it is important that field crews receive proper safety training and always 
follow safety precautions.  If sample collection cannot be carried out in a reasonably safe manner, then an 
alternative approach should be used.  Basic field safety training will include the following information: 
 

• Field sampling shall take place in teams of two or more 
• Samplers shall wear reflective vests when sampling outfalls to make sure they are clearly visible 

to traffic on nearby roads 
• Samplers shall wear proper clothing to protect against the elements as applicable, especially 

footwear and raingear 
• At least one member of the team should also carry a cell phone at all times and exchange phone 

numbers with other field personnel at different sites 
• Emergency contact information for all field samplers 
• Carry a basic first aid kit in the field 
• Try to collect all samples from land, especially if during heavy rains 
• Always enter the water cautiously and be prepared to make an efficient retreat if insecure 
• Never enter a stream where footing is unstable or if the water is too deep (probably more than 2 

feet deep) or fast (probably more than 2.5 ft/sec) 
• Wear protective gear to protect from personnel hazards and risk of contamination (gloves, long 

sleeves and pants, waders if entering the water, and footwear). 
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B1.B. Rationale for Selection of Sampling Sites 
 
The project involves conducting streambank erosion, sediment plume assessments and runoff estimates at 15 
stormwater catchment systems and their associated outfalls along a 2-mile reach of the Ipswich River.  The 
project is the first step a concerted effort to correct the sins of the past by utilizing the data collected to 
develop plans to retrofit the old style conveyance systems with low impact best management practices 
(BMPs).  In this context, the 15 outfall sampling sites were chosen based on their proximity to the main 
channel of the Ipswich River, the lack of any BMP implementation, their location in North Reading and 
their accessibility.  Project personnel will obtain field measurements and conduct assessments of each 
catchment and streambank erosion area to characterize the physical characteristics of the catchments and 
erosion sites, assess sediment plumes, delineate the catchment and erosion areas, and estimate the runoff at 
each outfall location.  Preliminary water quality samples will also be collected and analyzed for each outfall. 
Based on the results of the assessments noted above, there will be four main selection criteria/categories 
that will be considered in prioritizing the list of 15 catchments: 
 

• Extent of sediment plume volume normalized by catchment area 
• Erosion Hazard Index (EHI) scores 
• Level of water quality impairment 
• Potential for site access for remediation activities 

 
All 15 catchment/outfall sites will be ranked based on the highest ‘scores’ in each of these categories (i.e., 
most extensive plumes, high EHI scores, highest potential for site access, and those with the most water 
quality impairments).  Those sites with the highest composite scores will be identified for further study.  
Based on this work, a technical memorandum will be prepared that outlines the purpose, methodology, 
evaluation criteria, and provides a map of sites for review and approval by MassDEP and EPA for further 
work.  Once the five highest ranked catchments are identified, more intensive work will take place at the 
five selected sites. 
 
GIS maps and photographs of all of the outfall/sampling locations are provided in Appendix A. 
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B1.B. Sample design logistics and timing. 
 

PHASE I Number of Samples 
(2010-2011) 

# Discrete 
Events 

Number of 
Samples* 

Sampling 
Period 

Biological E. coli Bacteria 15 outfalls 5 75 Mar ’10 - Mar ‘11 
DO 15 (YSI 6920-S) 5 75 Mar ’10 - Mar ‘11 
Flow Rates 15 outfalls 5 75 Mar ’10 - Mar ‘11 Physical 
TSS 15 outfalls 5 75 Mar ’10 - Mar ‘11 
Total P 15 outfalls 5 75 Mar ’10 - Mar ‘11 Chemical Chloride 15 outfalls 5 75 Mar ’10 - Mar ‘11 
Temperature 15 (YSI 6920-S) 5 75 Mar ’10 - Mar ‘11 
Turbidity 15 outfalls 5 75 Mar ’10 - Mar ‘11 
Color 15 outfalls 5 75 Mar ’10 - Mar ‘11 
pH 15 (YSI 6920 5 75 Mar ’10 - Mar ‘11 
Conductivity 15 (YSI 6920 5 75 Mar ’10 - Mar ‘11 
Chlorophyll 15 (YSI 6920 5 75 Mar ’10 - Mar ‘11 
Nitrate – N 15 outfalls 5 75 Mar ’10 - Mar ‘11 
Nitrite – N 15 outfalls 5 75 Mar ’10 - Mar ‘11 

 

Sulfate  15 outfalls 5 75 Mar ’10 - Mar ‘11 

 

Continuous flow monitoring will also be employed using an ISCO 2150 Area Velocity Flow 
Module.  The module will be set up at various outfalls to both calibrate the Flo-Mate velocity 
meters and to develop stage-discharge relationships for each outfall.  The stage-discharge 
relationships can then be used in Phase II of the study to develop hydrographs for storm events.  
Flow will also then be able to be validated using the Flo-Mate meters. 

PHASE II Number of Samples 
(2010-2011) 

# Storm 
Events 

Number of 
Samples* 

Sampling 
Period 

Parameters 
Biological E. coli Bacteria 15 per outfall (=75) 3 225  Mar - Nov ‘10 

DO 15 (using YSI 6920-S) 3 225 Mar - Nov ‘10 
Flow Rates 15 per outfall 3 225 Mar - Nov ‘10 Physical 
TSS 15 per outfall 3 225 Mar - Nov ‘10 
Total P 15 per outfall 3 225 Mar - Nov ‘10 Chemical Chloride 15 per outfall 3 225 Mar - Nov ‘10 
Temperature 15 (using YSI 6920-S) 3 225 Mar - Nov ‘10 
Turbidity 15 per outfall 3 225 Mar - Nov ‘10 
Color 15 per outfall 3 225 Mar - Nov ‘10 
pH 15 (using YSI 6920 3 225 Mar - Nov ‘10 
Conductivity 15 (using YSI 6920 3 225 Mar - Nov ‘10 
Chlorophyll 15 (using YSI 6920 3 225 Mar - Nov ‘10 
Nitrate – N 15 per outfall 3 225 Mar - Nov ‘10 
Nitrite – N 15 per outfall 3 225 Mar - Nov ‘10 
Sulfate  15 per outfall 3 225 Mar - Nov ‘10 

 

Continuous flow monitoring will also be employed using an ISCO 2150 Area Velocity Flow 
Module.  The mobile module will be set up at 1of the 5 selected outfalls during a storm event. 

 
*  Flow and water quality will be monitored during storm events for: first flush, samples every 15 minutes for the 

first hour and then hourly until flow dissipates.  The number of samples does not include QC samples such as field 
blanks or replicates. 
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Throughout the monitoring study, discrete samples will be collected when practical and/or appropriate.  
Storm event samples will follow the event hydrograph.   
 
A two-student sampling crew will visit each site on each discrete sampling day and on all storm event 
sampling. Occasionally and at the request of the Program Directors, the crew may include an additional 
person to observe student protocols.  The crews will use the YSI 6920-S Probe to analyze temperature, 
pH, conductivity, dissolved oxygen and chlorophyll concentrations.  The students will then collect 
samples for E. coli, for total P, total suspended solids (TSS) and then collect an additional sample for all 
other analyses.  They will place the samples immediately into an ice filled cooler.  After sample 
collection, they will: 
 

1. Fill out the field data sheet (see Appendix D) 

2. Record the readings obtained on the YSI 6920-S Probe on a waterproof field notebook to have a 
paper backup in case of any data download problems at the end of the sampling day 

3. Fill out the relevant information on a Chain of Custody form for each of the four sample 
types 
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B2.  Sampling Methods 

 
It should be noted that all sample collections shall follow specific Standard Operating Procedures (SOPs). 
 An overview of container sizes and sample types is presented in Table B2.1 below. 
 
Table B2.1.  Container, sample size, type, preservation and storage for common water quality indicators 
(from Standard Methods 20th edition, 1998) 
 

 Container 
Type1 

Minimum 
Sample 

Quantity (ml)2 

Sample 
Type3 Preservation Maximum 

Holding Time 

Parameters 
Total Suspended 
Solids (TSS) P 1000 g Refrigerate to 4oC 7 days 

Dissolved 
Oxygen, 
Temperature, pH, 
conductivity, 
chlorophyll 

This will be measured in situ using a YSI 6920-S Probe 

E. coli P; sterile 40 g 

Refrigerate at 4oC 
See delayed incubation 
procedure 9222E in 
Standard Methods 

3-24 hours 

Phosphorus,  
total 

P; acid-washed; 
no detergent 
permitted 

250 g 
Add H2SO4 to pH<2 when 
returned to lab and 
refrigerate at 4oC  

28 days 
 

Chloride P 500 g Immediately refrigerate to 
4oC 28 days 

Flow 
This will be measured in situ using either a Marsh-McBirney Flo-Mate 2000 flow meter for 
discrete sampling or for continuous flow monitoring, an ISCO Model 2150 Area Velocity 
Flow Module. 

Nitrate, Nitrite BP 500 g Analyze as soon as 
possible; refrigerate, 4oC 48 hours 

Sulfate BP 500 g Analyze as soon as 
possible; refrigerate, 4oC 28 days 

Ortho-Phosphorus 

BP; acid-
washed; no 
detergent 
permitted 

500 g Immediately refrigerate to 
4oC 48 hours 

Turbidity BP 500 g Cool at 4o C 48 hours 

Color BP 500 g Refrigerate to 4oC 48 hours 
 
1     Container — P = polyethylene or equivalent; BP = brown (amber) HDpolyethylene 
2 Minimum Sample Quantity – volumes account for two additional sample quantities for reanalysis contingencies 
3 Sample Type — g = grab; c = composite 
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B3. Sample Handling and Custody 
 
Samples will be collected and labeled by the student collectors on all discrete sampling days and on a 
regular schedule and intervals during storm events.  The samples will be kept and stored in the field inside 
a cooler with small-cubes and/or crushed ice sealed in plastic bags.  At the earliest possible convenience, 
the samples will be brought by the collectors with the accompanying field data sheets and Chain of 
Custody forms to either the Environmental Analysis Lab at Merrimack College or for E. coli samples, to 
the Andover Water Treatment Facility Lab.  The Merrimack College Laboratory is located in Room 268, 
Mendel Science Center, 315 Turnpike Street, North Andover, MA. The Andover Water Treatment Plant 
Lab is located at 397 Lowell Street, Andover, MA. Samples should arrive at either location on the date of 
sampling or the day after sampling.  The date and time of arrival to either lab will be recorded and signed 
by the collector on the Chain of Custody Form and by laboratory personnel (receivers). The temperature 
in the coolers will also be measured to ensure it is < 6oC.  Samples will be immediately refrigerated or 
analyzed.  
 
Samples may also be transported on occasion to the UMass-Amherst laboratory.  All samples wills be 
immersed in cubed and/or crushed ice.  The sample temperature will be verified upon sample transfer to 
ensure it is < 6oC and this will be recorded on the COC form. 
 
B4.  Analytical Methods 
 
All analytical determinations will be performed at one of three laboratory locations: 
 

1. The Merrimack College Environmental Analysis Lab in North Andover under the supervision of 
Lab Director, Dr. Jon Lyon in consultation with Associate Professor of Chemistry, Dr. Stephen 
Theberge.   Student Lab Assistants will assist the Lab Director. They will be trained by the 
Director and be closely supervised. Merrimack students are upper level Chemistry, and/or 
Biology majors.  The water quality lab has been running since 2002 at Merrimack College in 
space controlled by the Department of Biology in the Mendel Science Center.  

 
2. The Andover Massachusetts Water Treatment Plant 

 
3. The Environmental Analysis Laboratory (EAL) at UMASS-Amherst 

(http://www.umass.edu/tei/TEI/EAL.html) 
 
Table B4.1 provides a summary of the analytical methods that will be used in the project and labs that 
will perform each test. 
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Table B4.1. A summary of analytical methods used. 
 

 
 Method Number Source Reporting 

Units 
Modification
s or Options 

Analysis 
Lab1 

Parameters 
Chloride Method 300.0 EPA mg/L na MC, Cert Lab 

 
E. coli 

9222(D) for 
Membrane Filter 

Technique 

Standard 
Methods 

Number of 
colonies per 

100ml 
na AWTP 

Total Suspended 
Solids 

Method 2540 D 
Method 2540 E 

Standard 
Methods mg/L na MC, Cert Lab 

Flow velocity Circular Conduit 
Profiling 

Marsh-
McBirney2 ft/sec na Field 

Continuous Flow Doppler Ultrasonic 
500kHz 

Teledyne 
ISCO3 cfs na Field 

Total Phosphorus Method 4500-PB.5 
Method 4500-PE 

Standard 
Methods mg/L na MC, Cert Lab 

Dissolved Oxygen YSI  6920-S Probe YSI mg/l na Field 

Temperature YSI  6920-S Probe YSI oC na Field 

pH YSI  6920-S Probe YSI pH units na Field, 
Cert Lab 

Conductivity YSI  6920-S Probe YSI µS/cm na Field 

Chlorophyll YSI  6920-S Probe YSI µg/L na Field 

Chloride Method 300.0 EPA mg/L na MC, Cert Lab 

Nitrate Method 300.0 EPA mg/L na MC, Cert Lab 

Nitrite Method 300.0 EPA mg/L na MC, Cert Lab 

Sulfate Method 300.0 EPA mg/L na MC, Cert Lab 

Ortho Phosphorus Method 4500-PE Standard 
Methods mg/L na MC, Cert Lab 

Turbidity Method 180.1. EPA NTU na MC 

Color Method 110.3 EPA PCU na MC 

Sediment Plume 
Particle Size Rapid Method Kettler et al. 

(2001) 
% sand, silt and 

clay na MC 

 
1  Lab Codes:  MC = Merrimack College Environmental Analysis Laboratory; Cert Lab = DEP Certified 

Laboratory (http://public.dep.state.ma.us/Labcert/Labcert.aspx); and AWTP = Andover Water Treatment 
Plant. 

 
2 Marsh McBirney, Inc. 1990. Flo-Mate Model 2000 portable flow meter instruction manual. Fredrickville, 

MD.  45 pp. 
 
3  Teledyne ISCO, Inc. 2008. 2150 Area Velocity Flow Module and Sensor: Installation and Operation Guide. 

Lincoln, NE. 122  pp. 
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B5.  Quality Control 
 

Quality control procedures will be performed during each discrete and storm sampling event, consisting 
of field replicates, field blanks, lab duplicates, lab blanks, positive samples, and lab blinds, as well as a 
check of collectors by the Lab and/or Field Supervisors. 
 
B5.A. Student Check - Field Audit 
 
Either the QC Officer, the Project Managers or both will accompany a crew of students (each) to the 
sampling sites each collection. The trainers will observe the student’s performance and check their YSI 
probe measurements and field data sheets for accuracy. 
 
B5.B. Field QC Checks 
 
A Field Replicate will be taken at 5% of sampling sites each sampling day or 5% of the total samples 
during storm event sampling for total P, chloride, sulfate, nitrate and nitrate.  Both the Merrimack Lab 
and a DEP certified lab will analyze the total P replicates. 
 
A Field Blank will be taken by one student at one site per sampling day for all primary and secondary 
parameters.  We will rotate the field replicate and blank samples responsibility among the students so a 
maximum of collectors can be checked. 
 
B5.C. Laboratory QC Checks 
 
A Lab Duplicates will be analyzed on each sampling day for 5% of all samples.  The lab will run a 
standard chosen sample and analyze both sub-samples. This will be done for all primary and secondary 
parameters.   
 
B5.D. Data Analysis QC Checks 
 
Outfall water quality and QC data will be reviewed by the QC Officer as soon as they come in from the 
lab after each collection. QC data will be compared to the quality objectives (e.g. bacteria blanks should 
have zero colonies).  In addition, water quality data will be reviewed as well to ensure that no field or lab 
contamination has occurred (data will be compared to those of other sites and of previous collections). If 
discrepancies are found, the Lab Director/Lab staff will be called to resolve the discrepancy and 
corrections will be made by the QC Officer. 
 
Field data sheets will be also reviewed the day of collection by one or both of the Project Managers, and 
later by the QC Officer to ensure that samples were taken at the right times and that all the required 
information has been filled out. The Project Managers or collectors will be called if omissions or errors 
are detected. If needed, corrections will be made (signed and dated) on the field sheet by the QC Officer. 
 
As noted earlier, at least 5% of all total P samples will be sent out for duplicate analysis at the EAC at 
UMass-Amherst as a QC check on the analysis conducted at the Merrimack College Environmental 
Analysis Laboratory.  In addition, up to 5% of samples for other chemical parameters (nitrate, nitrite, 
chloride, sulfate, ortho-P, pH) will also be sent out for duplicate analysis at a DEP-certified laboratory as 
a QC check. 
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B6. Instrument/Equipment Testing, Inspection, and Maintenance 
 
The overall instrument and equipment testing, inspection and maintenance procedures are described in 
Table B.6.1 below. 
 
It should be noted that calibration checks will be conducted at the end of each day for both field 
sampling and laboratory analyses. 
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Table B6.1.   Equipment inspection and maintenance. 
  

Equipment Type Inspection 
Frequency 

Type of 
Inspection 

Available 
Parts 

Who Performs 
Tasks 

Maintenance, 
Corrective Action 
& Recordkeeping 

YSI 6920-S Probe Monitoring 
Dates 

Visual 
cleaning and 
calibration 

YSI Repair 
kits kept at 
Merrimack 

College; 
Calibration 
standards 

Project Manager 
and/or Field 
Coordinators 

Davis Vantage 
Pro2 Weather 
Station 

Weekly and 
before rainfall 

events 

Visual 
cleaning and 

debris removal 

Supplies 
available from 

Davis 

Lori Lynes 
 

Hach 2100N 
Turbidimeter 

Before each 
sample 
analysis 

Visual 
cleaning and 
calibration 

Calibration 
standards 

Lab Manager 

Flo-Mate 2000 
Flow Meter 

Before each 
field sampling 

Visual 
cleaning and 
battery check 

Supplies form 
Marsh-

McBirney 

Project Manager 
and/or Field 
Coordinators 

ISCO Model 2150 
Area Velocity Flow 
Module 

Before each 
field sampling 

Visual 
cleaning and 
battery check 

Supplies from 
Teledyne 

ISCO 

Project Manager 
and/or Field 
Coordinators 

Dionex ICS-90 Ion 
Chromatograph 

Before each 
sample 
analysis 

Visual 
cleaning and 
calibration 

Calibration 
standards 

Lab Manager 

Millipore Vacuum 
Filtration System 

Before each 
sample 
analysis 

Visual 
cleaning and 

vacuum check 

Available 
through 

Millipore 

Lab Manager 

Napco Model 
9000-D Autoclave 

Before each 
sample 
analysis 

Visual 
cleaning 

Available 
through Fisher 

Lab Manager 

Barnstead 
Thermolyne 47900 
Furnace 

Before each 
sample 
analysis 

Visual 
cleaning 

Available 
through Fisher 

Lab Manager 

Precision Scientific 
Model 18 Drying 
Oven 

Before each 
sample 
analysis 

Visual 
cleaning 

Available 
through Fisher 

Lab Manager 

Ocean Optics 
Spectrophotometer 

Before sample 
analysis 

Visual 
cleaning 

Available 
through Fisher 

Lab Manager 

Mettler AE260 
Balance 

Yearly Standard 
inspection 

Contractor 
with College 

Lab Manager 

All equipment 
maintenance, 
corrective action and 
recordkeeping 
information will be 
kept in a log book 
that will be located 
in the Environmental 
Analysis Laboratory 
at Merrimack 
College 
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B7. Instrumentation/Equipment Calibration and Frequency 
 
Table B7.1. Instrument calibration and frequency. 
 

 
Equipment Type 

 
Calibration 
Frequency 

Standard or 
Calibration Instrument 

Used 

Who 
Performs 

Task 
Parameters 

YSI 6920-S Probe: DO and also 
pH, conductivity, temperature and 
chlorophyll 

Every analysis day 

 
• DO based on saturation 

at temp 
• 4.01 and 7.0 pH buffers 
• 180 uS conductivity 

standard 
• Temp calibrated to NIST 

thermometer 
• Chlorophyll, internal 

calibration 
 

Project 
Managers or 

Field 
Coordinators 

Dionex ICS-90 Ion 
Chromatograph: Chloride Every analysis day Known Dionex standards Lab Manager 

Ocean Optics Spectrophotometer: 
Total P Every analysis day QC Standards Lab Manager 

Filtration equipment: TSS Every analysis day Not applicable Lab Manager 

Flo-Meter 2000:  Flow Every analysis day Factory calibration Project 
Managers 

ISCO Model 2150:  Flow Every analysis day Factory calibration Project 
Managers 

Hach 2100N Turbidimeter: 
Turbidity Once per month 0, 10, 20, 100, 200 NTU 

standards Lab Manager 

Hach Color Wheel: color Every analysis day PCU standards (color) Lab Manager 
Ocean Optics Spectrophotometer: 
Ortho P Every analysis day Known Dionex standards* Lab Manager 

Dionex Ion ICS-90 
Chromatograph: Nitrate Every analysis day Known Dionex standards* Lab Manager 

Dionex Ion ICS-
90Chromatograph: Nitrite Every analysis day Known Dionex standards* Lab Manager 

Dionex Ion ICS-90 
Chromatograph: Sulfate Every analysis day Known Dionex standards* Lab Manager 

* All Dionex IC standards are traceable to NIST Standard Reference Materials and are shipped with a 
Certificate of Analysis verifying the concentration. 
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B8. Inspection/Acceptance of Supplies and Consumables 
 
Sample bottles will be provided by and cleaned and stored at Merrimack College. They will be cleaned by 
the Lab Director or student lab assistants between collections and stored in a closed cabinet.  Pre-sterile 
bacteria sampling bottles will also be provided by Merrimack College and then brought to the Andover 
Water Treatment Facility after sample collection by the Lab Directors or student assistants who will 
transfer the samples for analysis. 
 
• pH, temperature, dissolved oxygen, conductivity and chlorophyll will be measured in the field using a 

YSI 6920-S Probe .  
• For Total P a 250 ml sample will be collected and unopened until sample collection. 
• For total suspended solids (TSS), a clean 1-L sample bottles will be used and be unopened until 

sample collection. 
• For all other lab analyses, a 500 ml brown sample bottle will be used and be unopened until sample 

collection. 
• For bacteria, sample bottles will be sterile, large enough to hold at least 40 ml of sample and be 

unopened until sample collection. They will not contain thiosulfate. 
 
The Project Managers will inspect all sample bottles before distributing them to collectors.  Any cracked, 
damaged or leaking bottles will be discarded.  Student collectors will also inspect bottles before setting 
out to go sampling. In case of a problem, they will contact the Project Managers for replacements.  Table 
B8.1 summaries the recommended inspection procedures for project supplies. 
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Table B8.1.   Recommended inspection for supplies and consumables. 
 

Supplies Inspection 
Frequency 

Type of 
Inspection Available Parts* Maintenance 

Sample collection 
bottles 

Before each 
sampling date 

Integrity, cleanness 
and seal for all 
bottles, verified 
sterility of bacterial 
sample bottles 

Three  sets of spare 
bottles Replace all damaged bottles 

Dipper Cups Before each 
sampling date Visual 

Spares, replacement 
cups available from 
Forestry Suppliers 

Replace as needed 

TSS GFC filters Before each sample 
analysis/filtration Visual Stock supply from 

Millipore Proper storage 

Field sample sheets Before each 
sampling date Visual Additional copies Proper storage 

Lab sample sheets Before each sample 
run Visual Additional copies Proper storage 

H2SO4 for 
acidifying total P 
samples 

Before each 
sampling date 

Visual inspection 
of quantity and 
expiration date 

Spare, fresh 
H2SO4from Fisher 
Scientific 

Proper sealing and storage 

Dionex Ion 
Chromatograph 
Standards 

Before each sample 
run 

Visual inspection 
of quantity and 
expiration date 

Spare, fresh anion 
standards from 
Dionex 

Proper sealing and storage 

Hach 2100N 
Turbidimeter 

Before each sample 
run 

Visual inspection 
of calibration 
standard vials 

Spare standards 
from Hach 

Replace any damaged or 
scratched standard vials 

YSI Probe kits for 
DO, conductivity, 
pH, chlorophyll 

Before each 
sampling date Visual Spare YSI repair kits 

Replace DO membranes and 
reagent as needed; cleaning 
of chlorophyll optics; replace 
damaged pH probes  

Total P analysis 
reagents 

Before each sample 
run 

Visual inspection 
of quantity and 
expiration date 

Spare, fresh reagents 
from Fisher 
Scientific 

Proper sealing and storage 

Hach Color Kit Before each 
sampling date Visual 

Spare color (PCU) 
standards, color 
wheels and sample 
vials 

Proper dark storage of 
wheels; replace damaged 
vials 

Deionized water 
filters and 
cartridges 

Before each water 
draw from the 
system 

Monitor that 
specific 
conductance at or 
below 2.0 µs/cm 

Spare cartridges and 
filters from 
Barnstead 

Replace cartridges and filters 
as needed 

Coolers Before each 
sampling date 

Cleanness, crushed 
ice pack leaks 

Spare coolers, ice 
machine and ice 
bags 

Replace as needed 

Acid (HCl) for acid 
baths 

Before each 
washing cycle 

Visual inspection 
of any particulate 
contaminants 

Spare fresh acid 
Replace acids baths as 
needed; proper sealing and 
storage of HCl 
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Table B8.2. Relevant vendors and their contact information. 
 
 

VENDORS for Supplies and Consumables 
Dionex 
1228 Titan Way 
P.O. Box 3603 
Sunnyvale, CA 94088 
tel (408) 737-0700 

Marsh-McBirney 
Technology Sales Associates 
44 Central Street, Unit 5  
Berlin, MA 01503  
tel (978) 838-9998 

Ben Meadows Company  
PO Box 5277 
Janesville, WI 53547 
tel (800) 241-6401 

Hach Company 
P.O. Box 389 
Loveland, CO  80539 
tel (800) 227-4224 

Teledyne ISCO, Inc. 
4700 Superior Street 
Lincoln, NE 68504 
tel (800) 228-4373 

Barnstead 
Thermo Fisher Scientific Inc. 
81 Wyman Street 
Waltham, MA 02454 
tel (781) 622-1000 

YSI Incorporated 
1700 Brannum Lane 
Yellow Springs, OH 45387 
tel (800) 765-4974 

Forestry Suppliers 
P.O. Box 8397 
Jackson, MS  39284 
tel (800) 647-5368 

Napco 
1620 Ocean Avenue 
Unit 3 
Bohemia, NY 11716 
tel (866) 203-5777 

Fisher Scientific 
2000 Park Lane Drive 
Pittsburgh, PA 15275 
tel (800) 766-7000 

Ocean Optics 
830 Douglas Ave. 
Dunedin, FL 34698 
tel (727) 733-2447 

Millipore Corporation 
290 Concord Road 
Billerica, MA  01821 
tel (978) 715-4321 

Davis Instruments Corp. 
3465 Diablo Ave. 
Hayward, California 94545 
tel (800) 678-3669 
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B9. Non-Direct Measurements 
 
The proposed project is not dependent on secondary water quality data.  Several existing studies in the 
upper Ipswich River watershed will be used to provide context for the study results.  These include results 
from the 2007 Diagnostic/Feasibility Study for the Skug River Watershed (Lyon 2007) and several 
scientific water quality and flow studies from the upper Ipswich River Basin (Zarriello and Ries 2000; 
Armstrong et al. 200; Williams et al. 2004; Williams et al. 2005).  Although the results of these studies 
will likely not be directly used in the current study, reference will be made to the water quality analysis 
results in those studies for comparison with the water quality results for those found in outfalls in this 
study. 
 
Other non-direct measurements to be incorporated into the proposed work include MassGIS datalayers.  
Information on the production and maintenance of those datalayers is provided on the MassGIS website 
(http://www.mass.gov/mgis/database.htm).   
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B10. Data Management 
 
Field data sheets (see Appendix D) will be inspected for completeness or problems by the Project 
Managers or the QC Officer before the collectors leave. Field data sheets and Chain of Custody Forms 
will be also inspected by the QC Officer and/or Project Managers as soon as they are received and the 
collectors will be contacted if any problem is suspected. If either person discovers samples that did not 
arrive in coolers to the lab (as documented on the Chain of Custody Form), those data will be discarded.  
 
Lab data sheets will be checked by the Lab Director or student assistants before they enter data in the MS 
Excel spreadsheets. All data sheets will be forwarded via email to the QC Officer/Project Managers who 
will check them and will also proof the electronic data entry. 
 
Descriptive statistics (means, medians, quartiles) and graphing will be performed on the data using Excel 
and/or Minitab to uncover any outliers or errors. Any questionable data point will be flagged and 
rechecked. The Project Managers and QC Officer will work together to determine that the data meet the 
project requirements. Any data not meeting the DQOs will be noted. A review of the procedures will be 
made to determine where problems arose. Steps will be then taken to correct the problem and those steps 
will be documented.   All data will be stored in an Excel database in the QC Officer’s and Project 
Manager’s personal computers and backed up on separate zip disk and on the network server at 
Merrimack College. Paper forms will be stored in a file cabinet in the Environmental Analysis Laboratory 
at Merrimack College. 
 
A final report will be written after conclusion of the sampling season, summarizing the water quality 
monitoring results. This report will be distributed to local, regional, and state officials as well as other 
concerned parties. It will detail the water quality monitoring program's goals, methods, results, data 
interpretation, and recommendations. 
 
Flow calculations will be based on the cross-sectional area of a culvert, we will use the equation Q = 
V*A, based on mathematical fluid mechanics equations (and diagram) noted below.  Velocity (V) will be 
determined with a flow meter. 

 

    Where: 
    D = Diameter of culvert        

r = Radius of culvert   
y = Depth of water in culvert   
P = Wetted Perimeter of water on the bottom  
T = Top width of water surface 

    Rh = Hydraulic radius 
A = Cross sectional area of flow 
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GROUP C. ASSESSMENT AND OVERSIGHT 
 
C1. Assessment and Response Actions 
 
As described above, review of field data sheets, lab data sheets, water quality data and QC data will occur 
immediately after each collection and/or analysis for a given sampling date.  When an error is discovered, 
it will be corrected if possible. If no correction is possible, or if quality control objectives are not met, the 
data will be discarded. Re-sampling will only occur after consultation with the Project Managers and 
where weather conditions allow.  All assessment and response actions will be documented. 
 
Assessment of this water quality monitoring program will be the responsibility of the Program Managers, 
assisted by the QC Officer. They will train new students and certify returning ones by observing them 
perform measurements and take samples.  
 
Field audits will consist of Project Managers accompanying student collectors to the field during the 
project. Any student not performing to project specifications will be retrained on the spot.  Specifications 
include going to the correct sampling site, reading the YSI 6920-S probe correctly, and following proper 
procedures for sampling, as well as adequate and cool sample storage (i.e., samples must be stored at 
4oC). Any identified problems or shortcomings will be rectified promptly. If it is determined that 
identified problems may invalidate data, then the specific data will be discarded. The Program Managers 
and QC Officer will document problems identified and corrective actions taken during the field audits and 
will include these findings in the annual report. 
 
At least 5% of all samples for total P will be sent out for duplicate analysis at a DEP-certified laboratory 
as a QC check on the analysis conducted at the Merrimack College Environmental Analysis Laboratory.  
In addition, up to 5% of samples for other chemical parameters (nitrate, nitrite, chloride, sulfate, ortho-P, 
pH) will also be sent out for duplicate analysis at a DEP-certified laboratory as a QC check. 
 
 
C2. Reports to Management 
 
Data that has passed preliminary QC analysis will be made available to all project partners. A final data 
set and report will be available at the end of the study (June 2011). 
 
A final report will be written by the Project Managers and QC Officer and filed with all relevant parties, 
including local Boards, DEP and EPA. The final report will describe the program's goals, methods, 
quality control results, data interpretation, and recommendations.  The final report will also contain QA 
information.
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GROUP D. DATA VALIDATION AND USABILITY 
 
D1. Data Review, Validation, and Verification 
 
Data will be reviewed for consistency and errors initially by the QC Officer, and then by the Technical 
Advisory Committee.  This review includes a confirmation of the preliminary quality control results (field 
sheets and QC results on the lab sheets). It also includes a check of the overall water quality monitoring 
results, looking in particular for outliers or extreme data always associated with a particular student(s). 
The reviewers will determine what steps should be taken to rectify any problems encountered. For 
example, if errors are discovered that escaped detection at the preliminary QC analysis phase, and these 
errors in some way alter the data that had been distributed, a correction will be posted to all relevant 
parties reviewing the results and the corrected data with an explanation will be sent to them. 
 
In addition, at least 5% of all samples for total P will be sent out for duplicate analysis at a DEP-certified 
laboratory as a QC check on the analysis conducted at the Merrimack College Environmental Analysis 
Laboratory.  In addition, up to 5% of samples for other chemical parameters (nitrate, nitrite, chloride, 
sulfate, ortho-P, pH) will also be sent out for duplicate analysis at a DEP-certified laboratory as a QC 
check.
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D2. Verification and Validation Methods 
 
The following validation procedures will be established throughout the project. 
 

• Field equipment will be calibrated at the start of each collection day 

• Field blanks and field replicates will be submitted to the laboratory, which will also analyze lab 
duplicates, blanks, and positives for all water quality parameters being analyzed 

• At least 5% of all total P samples will be sent out for duplicate analysis at the EAC at UMass-
Amherst as a QC check on the analysis conducted at the Merrimack College Environmental 
Analysis Laboratory 

• Up to 5% of samples for other chemical parameters (nitrate, nitrite, chloride, sulfate, ortho-P, pH) 
will also be sent out for duplicate analysis at a DEP-certified laboratory as a QC check 

• Students will be evaluated during the project 

• Chain of custody will be maintained 

• Field sheets and data entry will be checked by the QC Officer 

• Descriptive statistics and graphs will be produced and available for review at Merrimack College  

• Water quality data and results will be reviewed by the Technical Advisory Committee will occur 
at the end of the sampling season. 

 
 
D3. Reconciliation with User Requirements 
 
Whenever feasible, calculations and determinations for precision, completeness and accuracy will be 
made. Any corrective action will be implemented, noted and initialized by the QC Officer. If data quality 
indicators do not meet the project’s specifications, then data may be discarded. Investigation of problems 
will take place and corrections will be documented. If equipment failure is found to be the cause, 
calibration and maintenance techniques will be reassessed. Any limitations on the data will be noted. 
 
Each of the data quality objectives will be assessed to determine if the following conditions were met: 
 

Precision – Precision is the degree of agreement among repeated field measurements of the same 
indicator is a measured by the analysis of duplicates. Table A7.1 summarizes the data quality 
objectives for parameters in the study, including precision.  The overall precision objectives are as 
follows: < 20% between field duplicates for TSS, total-P, ortho-P, chloride, nitrate, nitrite, sulfate, 
D.O., conductivity, sediment depth, sediment plume volume and particle size; < 10% between 
duplicate field readings for pH, chlorophyll and velocity using the Flo-Mate flow meters; < 5% 
between duplicate field readings for temperature and velocity and water depth using the ISCO 2150 
Flow Module;  30% RPD for log-transformed duplicate data for E. coli; for color <50 PCU, 10 PCU, 
for color >50, 20% RPD; and for turbidity 10% RPD for measurements > 1 NTU.  Data which do not 
fall in these ranges of precision will not be used.  Samples will be re-analyzed until either precision 
objectives are met or that data will not be utilized. 
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Accuracy - Accuracy is a measure of confidence that describes how close a measurement is to its 
“true” or expected value.  Accuracy will be assessed primarily by using known QC standards for all 
relevant parameters. Field and/or laboratory measurements that do not meet the accuracy objectives 
noted in Table A7.1 will be re-measured and/or re-analyzed until they meet the accuracy objectives.  
All non-accurate data points will be noted on laboratory and/or field sheets.  

Representativeness – This is the extent to which measurements actually represent the true 
environmental condition.  Parameters, site selection, time, and frequency of sample collection have all 
been chosen to represent existing conditions in the study catchments.  The data collected in this 
project will be representative of the specific sites monitored within the study area. Results will not be 
extrapolated to other, unmonitored, portions of the Ipswich River watershed or outside of the 
catchment/watershed study area. 

Comparability - This is the extent to which data can be compared between sample locations or 
periods of time within a project, or between different projects.  Standardized sampling and analytical 
techniques with similar precision and accuracy objectives will help to ensure comparability. We will 
use the standard equipment and methods for analysis at all of the study outfalls. 
 

Completeness – This is the comparison between the amount of valid or usable data the program 
originally intended to collect versus how much was actually collected (see Group B Section of this 
QAPP).  We will achieve completeness through our Phase I analysis of all 15 outfall locations.  We also 
will have flow and water quality data for three storm events for 5 targeted catchments as part of Phase II. 
In addition to the primary parameters outlined in the Scope of Services and being monitored and analyzed 
in this project (flow, TSS, total P, dissolved oxygen, chloride and E. coli levels), project personnel will 
also conduct additional water quality analyses including temperature, pH, conductivity, nitrate, nitrite, 
sulfate, ortho-P, color, turbidity and chlorophyll..  Merrimack College faculty and students will conduct 
both the field sampling and laboratory analysis on these samples.
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Appendix A: Outfall Sites 
 
The Figure below shows the Town of North Reading that includes the Ipswich River running west to east. 
 The15 stormwater outfalls that will be assessed in the project are noted by green diamonds along the 
Ipswich.  Roads are shown in gray.  All proposed outfalls to be assessed in the project in the Town of 
North Reading and along a 2-mile long corridor along the Ipswich River. 
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Appendix A:  Outfall Sites 
 
Outfall Characteristics 
 
 
The Table below provides a summary of key characteristics of the 15 outfalls to be assessed in 
this project. 
 

Project 
Outfall Outfall ID Type Diamete

r 
Northing 

Coordinate 
Easting 

Coordinate 
OF-1 IPS5-051 PVC 18" 924857.769 233629.499 
OF-2 IPS5-052 PVC 18" 924880.950 233921.745 
OF-3 IPS5-054 Reinforced concrete 30" 924780.916 234147.978 
OF-4 IPS5-unk Reinforced concrete 36" 924845.145 234245.945 
OF-5 IPS5-unk Reinforced concrete 36" 924839.295 234251.238 
OF-6 IPS5-104 Corrugated metal 15" 924734.859 234462.607 
OF-7 IPS5-unk Corrugated metal 15” 924899.192 234638.484 
OF-8 IPS5-077 Reinforced concrete 30” 924945.581 235027.746 
OF-9 IPS5-016 Reinforced concrete 12" 925306.427 234754.201 
OF-10 IPS5-411 Reinforced concrete 36" 925305.984 235948.447 
OF-11 IPS5-003 Reinforced concrete 36" 925235.536 236269.601 
OF-12 IPS5-007 PVC 30" 925220.406 236280.557 
OF -13 IPS5-011 PVC 18” 925019.422 236499.409 
OF-14 IPS7-429 Reinforced concrete 30" 924786.784 237226.818 
OF-15 IPS7-001 Reinforced concrete 30" 924934.223 237435.896 
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Appendix A.   Outfall Sites:  
 GIS Maps and Photographs of Outfalls Slated for Analysis 
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Appendix A.   Outfall Sites:  
 GIS Maps and Photographs of Outfalls Slated for Analysis 
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Appendix A.   Outfall Sites:  
 GIS Maps and Photographs of Outfalls Slated for Analysis 
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Appendix A.   Outfall Sites:  
 GIS Maps and Photographs of Outfalls Slated for Analysis 
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Appendix A.   Outfall Sites:  
 GIS Maps and Photographs of Outfalls Slated for Analysis 
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Appendix A.   Outfall Sites:  
 GIS Maps and Photographs of Outfalls Slated for Analysis 
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Appendix A: Outfall Sites - Site Descriptions 
 
Note that Field Assistants will have maps and photographs of all sites prior to going into the field. 
 
Site Name:  Central and Park 
Site Number: OF-1  
 

Town:  North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road: 
Travel on Park Street (Route 62) in North Reading.  The outfall site is just south of Park Street. 
 

Specific directions from access road (named above) to exact location of sampling site: 
The outfall is located on the south side of Park Street just west of the intersection with Central Street (226 
Park Street – MapLotID: 42-145).  There are no homes on the south side of Park Street near the outfall.  
WQ and flow sampling will be done directly from the outfall. 
 

Types of Sampling and Data Collection: 
Water Quality; Flow, Sediment Plume 

 
Site Name: Oakdale and Park 
Site Number: OF-2 
 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Travel on Park Street (Route 62) in North Reading.  The outfall site is just south of Park Street. 
 

Specific directions from access road (named above) to exact location of sampling site:  
The outfall is located on the south side of Park Street just west of the Oakdale Road intersection (216 Park 
Street – MapLotID: 42-008).   The outfall is along wetlands near 200 Park Street along the Ipswich. 
 

Types of Sampling and Data Collection: 
Water Quality; Flow, Sediment Plume 

 
Site Name: High School and Park 
Site Number: OF-3 
 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Travel on Park Street (Route 62) in North Reading.   The outfall site is just south of Park Street. 

 

Specific directions from access road (named above) to exact location of sampling site:  
The outfall is located on the south side of Park Street approximately 500 east of the Sheridan Road 
intersection with Parks Street and south of the parking lot  (200 Park Street – MapLotID: 42-007).  The 
outfall is some 200 feet south of Park Street. 
 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 
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Appendix A: Outfall Sites - Site Descriptions 
 
Site Name: 182 Park Street 
Site Number: OF-4 
 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Travel on Park Street (Route 62) in North Reading.  The outfall site is just south of Park Street. 
 

Specific directions from access road (named above) to exact location of sampling site: 
The outfall is located on the south side of Park Street opposite of North Reading High School (182 Park 
Street – MapLotID: 42-003).  The outfall is approximately 900 west of the Haverhill Street intersection. 
Note: OF-4 and OF-5 are within 20 feet of one another. 
 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 
 

Site Name: 182 Park Street 
Site Number: OF-5 

 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Travel on Park Street (Route 62) in North Reading.  The outfall site is just south of Park Street. 
 

S Specific directions from access road (named above) to exact location of sampling site: 
The outfall is located on the south side of Park Street opposite of North Reading High School (182 Park 
Street – MapLotID: 42-003).  The outfall is approximately 900 west of the Haverhill Street intersection. 
Note: OF-4 and OF-5 are within 20 feet of one another. 

 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 

 
Site Name: 113 Haverhill Street 
Site Number: OF-6 
 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Traveling east on Park Street (Route 62), take a right turn onto Haverhill Street and cross over the Ipswich 
River. The outfall is located on the east side of Haverhill Street. 
 

Specific directions from access road (named above) to exact location of sampling site:  
The outfall is located south side of the Ipswich River and east of Haverhill Road  (113 Haverhill  – 
MapLotID: 55-031). 
 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 
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Appendix A: Outfall Sites - Site Descriptions 
 
Site Name: Fire Station 
Site Number: OF-7 
 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Travel on Park Street (Route 62) in North Reading.  The outfall site is just south of Park Street. 
 

Specific directions from access road (named above) to exact location of sampling site:  
The outfall is located on the south side of Park Street just west of the Fire Station (156 Park Street – 
MapLotID: 54-126).  The outfall is approximately 100 feet south of Park Street. 
 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 

 
Site Name: Park Street Bridge 
Site Number: OF-8 
 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Travel on Park Street (Route 62) in North Reading.  The outfall site is just south of Park Street. 
 

Specific directions from access road (named above) to exact location of sampling site:  
The outfall is located on the south side of Park Street just west of the Fire Station (122 Park Street – 
MapLotID: 54-115).  The outfall is just south of Park Street and approximately 100 west of the Ipswich 
River bridge crossing. 
 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 
 

Site Name: 294 Elm Street 
Site Number: OF-9 
 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Traveling east on Park Street (Route 62) in North Reading, travel north on Haverhill Street and then right 
on Elm Street. The outfall site is just south of Elm Street. 

 

Specific directions from access road (named above) to exact location of sampling site:  
Traveling east on Park Street (Route 62) in North Reading, take a left (travel north) on Haverhill Street for 
about 0.3 miles and then turn right (travel east) on Elm Street and travel some 500 feet east on Elm Street. 
The outfall site is located just south of Elm Street (294 Elm Street – MapLotID: 54-055). 
 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 
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Appendix A: Outfall Sites - Site Descriptions 
 
Site Name: Turner and Elm 
Site Number: OF-10 
 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street. The outfall site is just 
south of Elm Street. 
 

Specific directions from access road (named above) to exact location of sampling site:  
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street (a right hand turn).  
The outfall is located on the south side of Elm Street, immediately south of the Turner Drive intersection 
with Park Street (210 Elm Street – MapLotID: 62-041).  The outfall is immediately south of Elm Street. 
 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 

 
 
Site Name: Bigham and Elm 1 
Site Number: OF-11 

 

Town: North Reading, MA 
 

Nearest major highway: Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road:  
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street. The outfall site is just 
south of Elm Street. 
 

Specific directions from access road (named above) to exact location of sampling site:  
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street (a right hand turn).  
The outfall is located on the south side of Elm Street, immediately south of the Turner Drive intersection 
with Park Street (190 Elm Street – MapLotID: 75-009).  The outfall is immediately south of Elm Street.  
Outfall OF-11 and OF-12 are within 60 feet of one another (OF-11 is east of OF-12). 
 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 
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Appendix A: Outfall Sites - Site Descriptions 
 
 
Site Name:  Bigham and Elm II 
Site Number: OF-12 
 

Town: North Reading, MA 
 

Nearest major highway:  Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road: 
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street. The outfall site is just 
south of Elm Street. 
 

Specific directions from access road (named above) to exact location of sampling site: 
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street (a right hand turn).  
The outfall is located on the south side of Elm Street, immediately south of the Turner Drive intersection 
with Park Street (190 Elm Street – MapLotID: 75-009).  The outfall is immediately south of Elm Street.  
Outfall OF-11 and OF-12 are within 60 feet of one another (OF-12 is west of OF-11). 

  

 Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 

 
 
Site Name: Cemetery and Elm 
Site Number: OF-13 
 

Town: North Reading, MA 
 

Nearest major highway:  Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road: 
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street. The outfall site is just 
south of Elm Street. 
 

Specific directions from access road (named above) to exact location of sampling site: 
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street (a right hand turn).  
The outfall is located on the south side of Elm Street  (170 Elm Street – MapLotID: 75-004) some 800 feet 
east of the Swan Pond Road intersection with Elm Street.  The outfall is immediately south of Elm Street. 
   

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 
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Appendix A: Outfall Sites - Site Descriptions 
 
 
Site Name: McIntyre and Elm 
Site Number: OF-14 
 

Town: North Reading. MA 
 

Nearest major highway:  Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road: 
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street. The outfall site is just 
south of Elm Street. 
 

Specific directions from access road (named above) to exact location of sampling site: 
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street (a right hand turn).  
The outfall is located on the south side of Elm Street  (114 Elm Street – MapLotID: 77-002) just south and 
east of the McIntyre Drive intersection with Elm Street.  The outfall is immediately south of Elm Street. 

 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 

 
 
Site Name: Fairview and Elm 
Site Number: OF-15 
 

Town: North Reading. MA 
 

Nearest major highway:  Park Street (Route 62) 
 

Road names and/or numbers connecting major highway to the site access road: 
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street. The outfall site is just 
south of Elm Street. 
 

Specific directions from access road (named above) to exact location of sampling site: 
Traveling east on Park Street (Route 62) in North Reading, travel east on Elm Street (a right hand turn).  
The outfall is located on the south side of Elm Street  (1o2 Elm Street – MapLotID: 78-005) some 200 feet 
east and south of the Fairview Street intersection with Elm Street.  The outfall is immediately south of Elm 
Street. 

 

Types of Sampling and Data Collection: 
Water Quality; Flow; Sediment Plume 
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Appendix B: Job Descriptions 
 

Stormwater Remediation in the Upper Ipswich Watershed  
Project 2009-11/ARRA 604 
 
Project Managers 
The Project Managers will be responsible for the following tasks and duties: 
 

• Primary Liaison with other Project Partners, including DEP and EPA 
• Responsible for overall outfall assessment and water quality and flow project oversight 
• Responsible for submitting monthly reports on project progress including actions related to the approved 

Scope of Work, budget status, hours worked on the project, summarizing relevant data collected and 
coordination between the QA Officers, Technical Advisory Committee and Field and Lab personnel 

• Oversee Lab Directors, Field Coordinators and all student assistants on the project 
• Primarily responsible for the writing of a final report at the end of the project 

 
QA Officer 
The Quality Assurance (QA) Officer will be responsible for collecting, analyzing and reporting on QA 
data issues throughout the project.  Specific tasks and duties include: 
 

• Reviewing QA data, including sampling results, field blanks and duplicates 
• Comparing nutrient data (total P) analyzed at the Merrimack College Environmental Analysis Laboratory 

with samples (~5% of total) sent to certified DEP laboratory for analysis 
• Oversight of all calibration data on both laboratory and field equipment 
• Developing appropriate precision ranges for various analytical tests 

 
Technical Advisory Committee 
The Technical Advisory Committee will be responsible for the following tasks and duties: 
 

• Providing overall technical advise on biological, chemical and physical water quality sampling and flow 
sampling methodology and flow/runoff modeling efforts 

• Working to fully integrate the flow/runoff modeling with water quality monitoring data into accurate 
nutrient budgets and effective nutrient modeling for P and N 

• Working to resolve technical issues with sampling and analytical equipment 
• Liaison with technical experts whom can comment on the project and address technical problems and issues 

as they may arise 
 
Lab Director 
The Lab Director will be responsible for the laboratory handling and analysis of water quality samples.  
The Lab Director will be responsible for all analytical tests and analyses run at the Environmental 
Analysis Laboratory at Merrimack College.  Specific tasks and duties include the following: 
 

• Mandatory attendance at twice monthly lab meetings to discuss project progress 
• Maintenance of all laboratory equipment, including the Ion Chromatograph, Turbidimeter, 

Spectrophotometers, Autoclave, Muffle Furnace, Drying Ovens, Filtration Apparatus, Relevant analytical 
software and Balances 

• Responsibility for maintaining Phosphorus-free glassware and supplies related to P analysis in the 
Environmental Analysis Laboratory at Merrimack College 

• Tracking of all samples entering and leaving (both hard copies and computer files) 
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Appendix B: Job Descriptions 
 
Field Coordinators 
The Field Coordinators will be responsible for the following tasks and duties: 
 

• Mandatory attendance at monthly lab meetings to discuss project progress 
• Liaison between Student Field Assistants (see below) and the Project Managers 
• Clean and prepare sample bottles for next collection date 
• Storage and inventory of samples collected 
• Submitting split samples to certified DEP-Lab 
• Primarily responsible for care, maintenance and calibration of the YSI Probe and field equipment 
• Keeping track of hours of student assistants 
• Oversight of data collection in the field 
• Organizing field sampling data sheets and chain of custody forms 
• Maintain maps and photographs of all sample sites 
• Oversee flow monitoring teams 
• Responsible for housing (storage), oversight and signing out field equipment from the lab 
• Responsible for oversight of GPS and GIS data collection and GIS data management 
 

Student Field Assistants 
The Student Field Assistants will work under the direction of the Field Coordinators in the collection of 
water quality data and water quality samples in the field.  There will be two teams of Student Field 
Assistants:  Water Quality Assistants and Flow/Hydrology Assistants.   
 

Water Quality Assistants will be responsible for the following tasks and duties: 
 

• Attend all training sessions offered by the Project Managers/Field Coordinators 
• Mandatory attendance at monthly lab meetings to discuss project progress 
• Learning of all relevant protocols and Standard Operating Procedures (SOPs) for all water quality samples 
• Training in use of the YS1 6920-S Probe for collecting water quality data in the field 
• Returning all water quality samples back to the Environmental Analysis Laboratory at Merrimack College 

in a timely fashion (within 5 hours of collection) 
• Collection of discrete (Phase I) and storm event (Phase II) water quality sampling at outfalls 
• Documenting all field work 
• Field labeling of sample bottle and filling out Chain of Custody forms 
• Return of all field equipment to the Environmental Analysis Laboratory at Merrimack College at the end of 

the sampling day 
 

Flow Assistants will be responsible for the following tasks and duties: 
 

• Attend all training sessions offered by the Project Managers  
• Mandatory attendance at monthly lab meetings to discuss project progress 
• Learning of all relevant protocols and Standard Operating Procedures (SOPs) for all water quality samples 
• Training is use of the portable Flo-Mate Flow Meters 
• Training in developing and analyzing culvert flow analysis 
• Collection of discrete (Phase I) and storm event (Phase II) water flow sampling at outfalls 
• Return of all field equipment to the Environmental Analysis Laboratory at Merrimack College at the end of 

the sampling day 
• Documenting all field work 
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Appendix B: Job Descriptions 
 
Student Laboratory Assistants 
The Student Laboratory Assistants will be responsible for the following tasks and duties: 
 

• Attend all training sessions offered by the Project Managers/Laboratory Directors 
• Mandatory attendance at twice monthly lab meetings to discuss project progress 
• Cleaning and preparation of all glassware required in analytical methods 
• Assist the Laboratory Directors in performing all analytical tests 
• Learning all protocols and following established methodology 
• Assist in the prompt analysis of all field samples (within holding times) 



 QAPP Project 2009-11/ARRa 604 
Revision Number: 3 

Revision Date: 6/29/2010 
Page 70 of 145 

 

 
  

 
70 
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Appendix C: Field Sampling Procedures:  Davis Vantage Pro2 Weather Station 
 
Rainfall 
 
The Vantage Pro2 incorporates a tipping-bucket rain collector in the ISS that measures 0.01'' for each tip 
of the bucket. A metric adapter can be installed to measure 0.2 mm for each tip of the bucket. 
 
The station logs rain data in the same units it is measured in and converts the logged totals into the 
selected display units (inches or millimeters) at the time it is displayed. Converting at display time 
reduces possible compounded rounding errors over time. Four separate variables track rain totals: “rain 
storm,” “daily rain,” “monthly rain,” and “yearly rain.” Rain rate calculations are based on the interval of 
time between each bucket tip, which is each 0.01'' rainfall increment or 0.2 mm. 
 
The LCD for the system is shown below. 
 

 
 
 
The setup mode and data integration information for the weather station are provided below. 
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This information has been taken from the: 
 

Vantage Pro2 Console Manual for Vantage Pro2 & Vantage Pro2 Plus Weather Stations. Davis 
Instruments Corp., Hayward, CA.  August 2009.  56 pp. 
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Appendix C: Field Sampling Procedures:  Water Quality Parameters  
 
Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 
 

Before leaving for field sampling, student field assistants should have: 
 

• Directions to all Outfall Sites • Calibrated YSI 6920-S Probe in the Lab 
• Project Data Sheets • Waterproof Field Notebook and pen 
• Chain of Custody Forms • Field Blank Bottles (1 of each type) 
• 1 – sterile 50 ml bacteria sample bottle (per site) • Ice in small, sealed bags 
• 1 – 250 ml sample bottle (per site) • 5 L of Deionized water 
• 1 – 2500 ml brown sample bottle (per site) • Large Sample Cooler and ZipLock bags of crushed ice 
• 1 – 1 L sample bottle for TSS (per site) • Cell Phone 
• Field Duplicate Bottles (1 of each type) • Phone numbers of Project Directors 
• Dipper cups and pole sampler • Safety gear 

 
Two types of Sampling will be Conducted 
 
Single, Discreet Sampling – These represent periodic, non-storm event water quality samples at the 
outfall sites. The procedures for this type of sampling are outlined in this Appendix (C).  Samples will be 
labeled as to date, time, outfall location and data collectors.  It is very likely that only one sample is taken 
per outfall on any given day. 
 
Storm Event Sampling - These  are samples that will be taken in a sequential fashion during a storm 
event.  A storm event is being defined as:  a minimum rainfall of 0.5 inches in a 24-hr period; a minimum 
duration of 5 hours; a minimum antecedent dry period (ADP) of at least 2 days; and a minimum of two 
post-storm dry days.  
 
During storm event sampling, repeated samples will be taken at each individual outfall.  First flush 
sampling will also take place every 15 minutes for the first hour of the storm event.  Subsequently, grab 
water samples will be collected (and flow will be determined) in 60 minute intervals until flow ceases in 
the outfall.  Samples will be labeled as to date, time, outfall location and data collectors.  In addition, field 
assistants will label the sample bottles with a sequential code (in addition to the time notation) to help 
maintain the integrity of the sequential sampling during laboratory analyses. 
 
The sequential code will be as follows (using outfall 1 or OF-1 as an example): 
 

OF-1    00:00 First flush 
OF-1 00:15 15 minutes into flow 
OF-1 00:30 30 minutes into flow 
OF-1 00:45 45 minutes into flow 
OF-1 00:60 60 minutes into flow (1 hour) 
OF-1 02:00 2 hours into flow 
OF-1 03:00 3 hours into flow 
etc etc etc 

 
This labeling sequence will only be used on storm event samples and these special labels will have a blue 
border to distinguish them from single, discreet samples.
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Appendix C: Calibration Instructions - SOP for YSI 6920-S Multiple Probe Sonde 
 

Used for Discrete Determination of: 
 

• Dissolved Oxygen, Temperature, pH, Conductivity and Chlorophyll 
 

Calibration protocols follow manufacturer’s recommendations. 
 
YSI 6920 Calibration  
 
The YSI 6920 shall be calibrated in accordance with the manufacturer’s instruction manual prior to field 
use. The required calibration procedures are summarized below.  
 
REQUIRED APPARATUS 
  

• pH 7.0 standard buffer solution  
• pH 4.0 or pH 10.0 standard buffer solution (depending on field conditions expected) 
• Conductivity standard appropriate for field conditions expected  
• YSI 6920 Transport Cup  
• 600 ml glass beaker  
• YSI 6920 Probe Guard  
• Kim-wipes and Paper Towels  
• YSI 6920 DO Calibration Kit (electrolyte solution and Teflon membranes)  
• Ring stand and clamps suitable for holding YSI 6920 unit during calibration  
• Barometer  

 
GENERAL NOTES:  
Insure that all sensors are immersed in the standard solutions during calibration procedures. Used 
recommended volumes when performing calibrations.  The recommended volume for use with the 6920 
Transport Cup is 300 ml with turbidity probe installed and 350 ml without turbidity probe installed. The 
fluid level measured from the top lip of the cup is 2.50” and 1.75” respectively.  
 
During many calibrations the readings acquired by other sensors (e.g. temperature probe) are factored into 
calibration algorithms.  
 
Rinse the sonde between calibration solutions using clean ambient temperature water. For maximum 
accuracy, follow up by pre-rinsing the sonde with a small amount of the calibration solution required 
next. Have clean adsorbent paper towels to dry the sonde between rinses and calibration solutions. It is 
important to remove as much residual liquid as possible from the sonde after each rinse. Drying the sonde 
in this way reduces carry-over contamination of calibrator solutions and increases the accuracy of the 
calibration.  
 
After powering up the YSI6920, the Main Menu will be displayed. To access the calibration menu select 
option “2-Calibrate” from the Main Menu, the unit will display all the installed sensors which necessitate 
a pre-calibration prior to deployment and data acquisition i.e., conductivity, dissolved oxygen, pressure, 
pH and turbidity. The calibration procedure for each of the sensors is explained individually as follows:  
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Appendix C: Calibration Instructions - SOP for YSI 6920-S Multiple Probe Sonde 
 
Calibration of Conductivity Sensor  
 

1. Select the conductivity sensor off the Calibrate Menu to access the conductivity calibration 
procedure, then select SpCond to access the specific conductance calibration procedure.  

2. Enter the calibration value of the standard you are using (mS/cm at 25oC) and press ENTER.  

3. The current values of all enabled sensors will appear on the screen and will change with time as 
they stabilize.  Observe the readings under SpCond, when no significant change occurs in the 
display for approximately 30 seconds, press ENTER.  

4. The screen will indicate that the calibration has been performed successfully and will prompt you 
to press ENTER again to return to the Calibrate Menu.   

5. Rinse the sonde unit in clean tap water and thoroughly dry.  

 
 
Calibration of the Dissolved Oxygen (DO) sensor  
 

1. Place approximately 1/8” (3 mm) of water into the YSI transport cup and engage 1 or 2 threads 
on the sonde unit. Make certain that the DO and temperature probes are not immersed in the 
water. Do not tighten, a loose connection which allows the transport cup to freely vent to the 
atmosphere is required to properly complete this calibration step.  

2. Wait approximately 10 minutes for the air in the calibration cup to become water saturated and 
for the temperatures of the thermistor and the oxygen probe to equilibrate.  

3. Select 2-Dissolved Oxy from the Calibrate Menu, then select 1-DO% to access the DO% 
calibration procedure.  

4. Enter the current local barometric pressure in mm Hg (inches Hg x 25.4 = mm Hg). Do not use 
barometer readings obtained from meteorological reports, these are corrected to sea level will 
produce an inaccurate calibration.  

5. A countdown timer will be displayed on the lower left of the screen that allows for the proper 
warm up time for the DO sensor.  

6. After the warm up time is complete, the readings just before and just after calibration are 
displayed. A message that indicates to press ENTER to continue will appear. Pressing ENTER 
will return the display to the DO calibration.  

7. When the DO% values reach a stabilized value, pressing ENTER will accept the calibration.  

 

NOTE: Calibration of the DO sensor following the DO% procedure will simultaneously achieve 
calibration in the DO mg/L mode and vice versa.  
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Appendix C: Calibration Instructions - SOP for YSI 6920-S Multiple Probe Sonde 
 
Calibration of pH Probe (2-Point Calibration)  
 

1. Place the appropriate volume of pH 7.0 standard buffer solution into a pre-rinsed transport cup 
and allow 1 minute for temperature equilibration before proceeding.  

2. From the Calibrate Menu select 4-ISE1 pH to access the pH calibration procedure and select 2-2-
point. 

3. Press ENTER and input the value of the buffer (7.0) at the prompt. Press ENTER and the current 
values received from the sensors will be displayed.  

4. When the unit has stabilized and there are no significant changes for approximately 30 seconds, 
press ENTER to accept this calibration step.  

5. Press ENTER to continue with the second point in the calibration procedure. Rinse the sonde in 
water and dry the sonde before proceeding.  

6. Select either a pH 4.0 of pH 10.0 standard buffer solution to encapsulate the range of pH values 
expected in the field.  

7. Place the appropriate volume of the second standard buffer solution into pre-rinsed transport cup.  

8. Press ENTER and input the value of the second buffer at the prompt. Following the same 
procedure as above, Press ENTER and the current values received from the sensors will be 
displayed.  

9. When the unit has stabilized and there are no significant changes for approximately 30 seconds, 
press ENTER to accept and complete this calibration step.  
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Appendix C: Field Sampling Procedures - SOP for YSI 6920-S Multiple Probe Sonde 
 

Used for Discrete Determination of:  Dissolved Oxygen, Temperature, pH, Conductivity and Chlorophyll 
 

Field protocols follow manufacturer’s recommendations* for field sampling. 
 

1. Visually inspect probe before leaving the lab for the field 
2. Calibrate all parameters before leaving the lab for the field 
3. Transport Probe in protective case to avoid damage 
4. At outfall site, carefully place the sonde guard on the sonde.  BE SURE NOT TO HIT 

SENSORS!  
5. Wrap sonde in wet white towels when not in use in the field (the towels keeps sensors cool and 

for air saturation reading before deployment.  
6. In the field, enable the sensors. 
7. Select Discrete sample from the Run menu. The Discrete sample menu will be displayed. 
8. Select Sample Interval to type a number that represents the number of seconds between samples. 

The factory default sample interval is 4 seconds and will be used for most discrete sampling 
applications.  

9. Select File to enter a filename with a maximum of 8 characters. You should always use the same 
site names and codes (e.g., WW-1, WW-NA, WW-2, etc.). 

10. Select Site to assign a site name with a maximum of 31 characters. This allows you to enter the 
full name of the site where you are sampling (e.g., Martins Pond Inlet) 

11. Select Open File, a file is opened and the number 5 changes to Close File. When you are finished 
logging data to the file, press Close File and the screen changes back to Open File. 

12. There are two options to deploy the Sonde:  (1) if water in outfall is sufficiently deep, carefully 
place sonde completely submerged in flow with sensors facing downstream; (2) if it is not 
practical or safe to deploy the sonde as noted above, use a 5 gallon sampling bucket to collect 
outfall water.  To collect the sample, lower the bucket on a rope and carefully fill half-way with 
water and then dump it out so that you rinse the bucket three times.  After rinsing, bring bucket to 
a safe location and deploy the sonde in the bucket making sure all the sensors are completely 
submerged. 

13. Now select Start sampling to start discrete sampling. 
14. After the initial sampling time interval has passed, (4 seconds), lines of data will appear on the 

screen. 
15. By entering LOG last sample, a single line of data can be logged to sonde memory and the 

following message will be displayed: Sample logged. 
16. Write down the values for each of the parameters on the project datasheets and a waterproof field 

notebook to ensure you have backup data if you lose datasheets or field notebook. 
17. By entering LOG ON/OFF, a set of data can be logged to memory and the following message 

will be displayed: LOG is ON, hit 2 to turn it OFF, 3-Clean optics. Press 2 again to terminate 
logging. 
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18. By entering Clean optics, if your unit has an optical (turbidity, chlorophyll, or rhodamine WT) 
probe, the wiper will clean the optical surface. The Clean optics portion of the prompt will only 
appear if an optical probe was installed and enabled. 

19. Select Esc or press 0 to exit discrete sampling. 
 

*From:  YSI Incorporated, Environmental Monitoring Systems Manual. 6-Series Sondes.  
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Appendix C: Field Sampling Procedures - Water Quality Parameters  
 
Total P Sampling 

 

Collection: SOP-Lakes 7 For Total Phosphorus Revision 1 (Massachusetts Water Watch 
Partnership)  

Analysis: Total P – 4500 PB/PE 

OUTFALL SAMPLING  
1. Carefully approach the outfall, avoid standing directly in the discharge from the outfall.  Stand so 

that you are facing upstream. Wear laboratory gloves on both hands. 
2. Remove the cap of the 250 ml sample bottle.  Submerge the bottle and fill partway.  Cap loosely 

and shake to rinse.  Empty bottle downstream from the outfall and repeat process twice. 
3. To fill sample, plunge bottle mouth first into the flow of water from the outfall; if water flow is 

deep enough, turn bottle upside right, let it fill and cap under water.  If water is not deep enough, 
hold sample bottle below outfall pipe and collect water falling from the outfall – be careful NOT 
to mix any water from downstream of the outfall.  

4. Be sure sample has the proper site code label, write down the time of collection and put it 
immediately in cooler. 

5. If your are unable to reach the outfall or there are dangerous flow or streambank conditions, use 
the dipper cup to collect the samples 

6. Extend the dipper cup over your sampling location and then completely rinse the dipper cup out 
three times. 

7. After rinsing, collect a sample and bring it immediately to shore where your partner, wearing 
gloves, will pour the contents of the dipper into the sample bottle.  Cap loosely and shake to rinse. 
 Empty bottle downstream and repeat process twice. 

8. After rinsing sample bottle three times, fill sample bottle with dipper cup sample but leave 1/4" of 
air space in bottle for lab mixing. 

9. Be sure sample has the proper site code label, write down the time of collection and immediately 
put it in cooler.  If it is a single, discreet sample, the labels will be all white.  If you are sampling 
during a storm event, blue-bordered labels must be used.  During storm event sampling, 
repeated samples will be taken.  First flush sampling will also take place every 15 minutes for the 
first hour of the storm event. Subsequently, grab water samples will be collected (and flow will be 
determined) in 60 minute intervals until flow ceases in the outfall.  label the sample bottles with a 
sequential code (in addition to the time notation) to help maintain the integrity of the sequential 
sampling during laboratory analyses. 

10. Fill in all the information on the field data sheet  (for either single sample or storm event sample). 
11. Deliver to the Environmental Analysis Laboratory at Merrimack College within 5 hours of 

collection. 
12. Fill out Chain of Custody Form 
13. Immediately place sample bottles in freezer in laboratory. 
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Appendix C: Field Sampling Procedures - Water Quality Parameters  
 

Chloride, Nitrate, Nitrite, Ortho-Phosphate and Sulfate Sampling  
Turbidity and Color Sampling 

 

Collection: SOP-Lakes 7 for Total Phosphorus Revision 1 (Massachusetts Water Watch 
Partnership)  

Analysis: EPA Method 300.0 

OUTFALL SAMPLING 
1. Carefully approach the outfall, avoid standing directly in the discharge from the outfall.  Stand so 

that you are facing upstream. Wear laboratory gloves on both hands. 
2. Remove the cap of the 250 ml sample bottle*.  Submerge the bottle and fill partway.  Cap loosely 

and shake to rinse.  Empty bottle downstream from the outfall and repeat process twice. 
3. To fill sample, plunge bottle mouth first into the flow of water from the outfall; if water flow is 

deep enough, turn bottle upside right, let it fill and cap under water.  If water is not deep enough, 
hold sample bottle below outfall pipe and collect water falling from the outfall – be careful NOT 
to mix any water from downstream of the outfall.  

4. Be sure sample has the proper site code label, write down the time of collection and put it 
immediately in cooler. 

5. If your are unable to reach the outfall or there are dangerous flow or streambank conditions, use 
the dipper cup to collect the samples 

6. Extend the dipper cup over your sampling location and then completely rinse the dipper cup out 
three times. 

7. After rinsing, collect a sample and bring it immediately to shore where your partner, wearing 
gloves, will pour the contents of the dipper into the sample bottle.  Cap loosely and shake to rinse. 
 Empty bottle downstream and repeat process twice. 

8. After rinsing sample bottle three times, fill sample bottle with dipper cup sample but leave 1/4" of 
air space in bottle for lab mixing 

9. Be sure sample has the proper site code label, write down the time of collection and immediately 
put it in cooler.  If it is a single, discreet sample, the labels will be all white.  If you are sampling 
during a storm event, blue-bordered labels must be used.  During storm event sampling, 
repeated samples will be taken.  First flush sampling will also take place every 15 minutes for the 
first hour of the storm event. Subsequently, grab water samples will be collected (and flow will be 
determined) in 60 minute intervals until flow ceases in the outfall.  label the sample bottles with a 
sequential code (in addition to the time notation) to help maintain the integrity of the sequential 
sampling during laboratory analyses. 

10. Fill in all the information on the field data sheet (for either single sample or storm event sample) 
11. Deliver to the Environmental Analysis Laboratory at Merrimack College within 5 hours of 

collection. 
12. Fill out Chain of Custody Form 
13. Immediately place sample bottles in freezer in laboratory. 

 
*Note: This one 250 ml sample will be divided and be used to determine anion concentrations (chloride, 
nitrate, nitrite, sulfate) as well as color and turbidity. 
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Appendix C: Field Sampling Procedures - Water Quality Parameters 
 

Total Suspended Solids - TSS 
 

Collection: SOP-Lakes 7 For Total Phosphorus Revision 1 (Massachusetts Water Watch 
Partnership) 

Analysis: SM Method 2540 D; Method 2540 E 
 

This Standard Operating Procedure describes the sampling and analysis of surface waters for total 
suspended solids (TSS).  Samples of river and/or pond water are collected and filtered through a 0.7 µM 
pore-size glass fiber filter. TSS is operationally defined as the mass retained on the filter per unit volume of 
water.   

 
For collecting TSS grab samples use the following field procedures: 

 
OUTFALL SAMPLING 

1. Carefully approach the outfall, avoid standing directly in the discharge from the outfall.  Stand so 
that you are facing upstream. Wear laboratory gloves on both hands. 

2. Remove the cap of a pre-cleaned, whitish HDPE 1 L sample bottle.  Submerge the bottle and fill 
partway, cap loosely and shake to rinse.  Empty bottle downstream from the outfall and repeat twice. 

3. To fill sample, plunge bottle mouth first into the flow of water from the outfall; if water flow is deep 
enough, turn bottle upside right, let it fill and cap under water.  If water is not deep enough, hold 
sample bottle below outfall pipe and collect water falling from the outfall – be careful NOT to mix 
any water from downstream of the outfall.  

4. Be sure sample has the proper site code label, write down the time of collection and put it 
immediately in cooler. 

5. If your are unable to reach the outfall or there are dangerous flow or streambank conditions, use the 
dipper cup to collect the samples 

6. Extend the dipper cup over your sampling location and then completely rinse the dipper cup out 
three times. 

7. After rinsing, collect a sample and bring it immediately to shore where your partner, wearing gloves, 
will pour the contents of the dipper into the sample bottle.  Cap loosely and shake to rinse.  Empty 
bottle downstream and repeat process twice. 

8. After rinsing sample bottle three times, fill sample bottle COMPLETELY with dipper cup sample, 
do NOT leave air space in bottle to ensure collection of a full 1 L sample. 

9. Be sure sample has the proper site code label, write down the time of collection and immediately put 
it in cooler.  If it is a single, discreet sample, the labels will be all white.  If you are sampling during 
a storm event, blue-bordered labels must be used.  During storm event sampling, repeated samples 
will be taken.  First flush sampling will also take place every 15 minutes for the first hour of the 
storm event. Subsequently, grab water samples will be collected (and flow will be determined) in 60 
minute intervals until flow ceases in the outfall.  label the sample bottles with a sequential code (in 
addition to the time notation) to help maintain the integrity of the sequential sampling during 
laboratory analyses. 

10. Fill in all the information on the field data sheet (for either single sample or storm event sample). 
11. Deliver to the Environmental Analysis Laboratory at Merrimack College within 5 hours of 

collection. 
12. Fill out Chain of Custody Form and immediately place sample bottles in freezer in laboratory.
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Appendix C: Field Sampling Procedures - Water Quality Parameters 
E. coli Samples 
 

Collection: SM 9060; MWWP SOP Rivers-3 for Bacteria Revision 0 
Analysis: 9222(D) for Membrane Filter Technique 

 
For the collection of field samples, the following procedures should be followed: 
 

1. Use only sterile 50 ml sampling bottles.  
2. Wash hands before starting sample run - if you sample in an area that may have high fecal levels 

rinse hands before handling the next sample bottle.  Be careful not to touch your hands to 
yourself before you have cleaned them in order to avoid coming into contact with pathogens.   

3. Always wear laboratory gloves when sampling. 
4. At outfalls, always sample upstream of your body, and point the bottle opening upstream. Keep 

the bottle closed until just ready to sample.  Do not rinse the bottle.  Remove cap and hold it to 
the side.  Hold the bottle near its base in the hand and place it at a 45o angle into the outfall flow.  
Turn bottle until neck points slightly upward and mouth is directed toward the current.  If there is 
no current, create a current artificially by pushing bottle forward horizontally in a direction away 
from the hand.  Be sure not to collect any sediment you may have suspended in the outfall pipe.  
Also avoid collecting water only from the surface layer of the outfall flow as this may be 
uncharacteristic of the entire column of water flowing through.    

5. Replace cap leaving 1" of air space in bottle.  It is important to leave the air space so that the 
sample will constantly mix while transported.  

6. Label the bottle and note time of collection. 
7. Fill in all the information on the field data sheet and Chain of Custody form.  If it is a single, 

discreet sample, the labels will be all white.  If you are sampling during a storm event, blue-
bordered labels must be used.  During storm event sampling, repeated samples will be taken.  
First flush sampling will also take place every 15 minutes for the first hour of the storm event. 
Subsequently, grab water samples will be collected (and flow will be determined) in 60 minute 
intervals until flow ceases in the outfall.  label the sample bottles with a sequential code (in 
addition to the time notation) to help maintain the integrity of the sequential sampling during 
laboratory analyses. 

8. Place each sample bottle in a ziplock bag in a smaller separate cooler (containing ice) just for 
bacteria samples. 

9. Return to the laboratory for analysis within 5 hours of collection. 
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Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
Field Velocity Measurements – Marsh-McBirney Flo-Mate 2000 SOP 
 
 

THEORY OF OPERATION 
The Flo-Mate measures flow using the Faraday law of electromagnetic induction. This law states that as a 
conductor moves through a magnetic field, a voltage is produced. The magnitude of this voltage is 
directly proportional to the velocity at which the conductor moves through the magnetic field. When the 
flow approaches the sensor from directly in front, then the direction of the flow, the magnetic field, and 
the sensed voltage are mutually perpendicular to each other. Hence, the voltage output will represent the 
velocity of the flow at the electrodes. The sensor is equipped with an electromagnetic coil that produces 
the magnetic field. A pair of carbon electrodes measure the voltage produced by the velocity of the 
conductor, which in this case is the flowing liquid. The measured voltage is processed by the electronics 
and output as a linear measurement of velocity. 
 

OPERATION 
The Model 2000 has two operating modes: Real-Time and Recall. In the Real-Time operating mode, 
Real-Time velocities from the sensor are displayed. In the Recall operating mode, velocities from 
memory are displayed. 
 
Real-Time Operating Mode 
The unit will always power up in the real-time operating mode. From the real-time mode you can change 
the filter value, store readings in memory, turn the beeper on or off, alternate between feet per second 
(ft/s) and meters per second (m/s), alternate between fixed point averaging and time constant filtering, and 
switch to the recall operating mode. 
 
Display ON Sequence 
When the unit is turned ON, the display output 
sequence is as follows: 

• Software version number. This is the Model 
2000 operating software that was burned into 
the electronics at the factory. 

• Display segment test. The unit will light all 
display segments. 

• Velocity output. The first few readings are not 
filtered; however, they are accurate. 
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Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
Units of Measurement/Beeper 
The Model 2000 can output velocity in ft/s or m/s. When the beeper symbol is shown, the beeper is 
active. Press down on the ON/C and OFF keys simultaneously to cycle between: 
 

•  FT/S no beeper 
•  M/S no beeper 
•  F/S with beeper 
•  M/S with beeper 

 
Clearing the Display 
The clear function will clear the display and restart the filtering. To clear the display, press the ON/C key. 
The display will blank out for a second and then restart to output velocity readings. 

 
 
Zero Check 
First clean the sensor (see below) because a thin film of oil on the electrodes can cause noisy readings. 
Then place the sensor in a five gallon plastic bucket of water. Keep it at least three inches away from the 
sides and bottom of the bucket. Wait 10 or 15 minutes after you have positioned the sensor before taking 
any zero readings. Use a filter value of 5 seconds. Zero stability is ± 0.05 ft/sec. 
 
Zero Adjust 
Position the sensor as described in the zero check procedure. 

• To initiate the zero start sequence, press the STO and RCL keys at the same time. You will see 
the number 3 on the display. 

• Decrement to zero with the ⇓ key. 
• The number 32 will be displayed. 
• The unit will decrement itself to zero and turn off. The unit is now zeroed. 

 

Maintenance 
Routine maintenance of the unit is confined to cleaning the sensor and changing the batteries. 
 

Cleaning the Sensor 
Nonconductive coatings (oil and grease) can cause noisy readings or conductivity lost errors. Clean the 
sensor with soap and water. If a problem still persists, clean the electrodes with a very fine grit (600) 
sandpaper. Do not use hydrocarbon solvents. 
 

Changing Batteries 
A low battery flag is displayed when a low battery voltage is detected. 
Appendix C: Field Sampling Procedures - Water Quantity Parameters 
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Cross-Section Velocity Profile  
The following steps guide the development of a velocity profile for a culvert cross section. This approach 
will require that the field personnel be equipped with a Marsh-McBirney flow meter, top-setting wading 
rod and a tape measure (with gradations every tenth of a foot).  
 
1. At the outfall, check the coded sheet for culvert diameter.  Use a tape measure to confirm the outfall 

diameter if you are uncertain. 

2. Place the sensor at the bottom of the culvert and allow the flow to stabilize before starting the flow 
measurement 

3. Record the following information on the flow measurement form: 
 

i. Outfall ID 
ii. Date 
iii. Time measurement is initiated and ended  
iv. Name of person(s) measuring flow 
v. Note if measurements are in feet or meters 
vi. For each cross-section, record the mid-point, section depth, and flow velocity 

 
4. Flow measurements should be taken with the sensor at the 

midpoint in each culvert and at 60% of the depth of the water in 
the culvert.  Place the top setting wading rod at the midpoint 
(lowest point) in the culvert and adjust the sensor level to 60% 
of the depth of water.  

5. Using a tape measure, measure the depth of water to the 
nearest ½ inch from the top of the culvert. Subtract ‘D’ 
from the inside diameter of the conduit for the depth of flow 
and record on the field data sheet (see drawing on left). This 

eliminates the problem of the ruler interfering with the liquid. 

 

6. Measure and record the velocity and depth. The wading rod is kept vertical and the flow sensor kept 
perpendicular to the culvert. Permit the meter to adjust to the current for a few seconds. Measure the 
velocity for a minimum of 20 seconds with the Marsh-McBirney meter. 

7. If and when measuring the flow by wading, stand in the position that least affects the velocity of the 
water passing the current meter. The person wading stands a minimum of 1.5 feet downstream and off 
to the side of the flow sensor. 

8. Report flow values less than 10 ft3/s to two significant figures. Report flow values greater than 10 
ft3/s to the nearest whole number, but no more than three significant figures. 

Note: Calculate flow by multiplying the area of water in the culvert (ft2). The area of the section is then 
multiplied by the velocity (ft/s) to calculate the flow in cubic feet per second (cfs or ft3/sec) for each flow 
measurement section.
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Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
CALCULATING FLOW FOR CIRCULAR CONDUITS 
 
To calculate flow in circular conduits you need: 

• The mean velocity from field measurements. 
• The depth of flow at the time of the measurement 
• The inside diameter of the conduit. 

 
Outline 
Calculating flow is outlined as follows: 

• Calculate the level to diameter ratio (L/D). 
• Identify the flow unit multiplier (K) (Table I, Pages 2-3 and 2-4). 
• Square the diameter in feet. 
• Calculate flow. 

 
Calculate the Level/Diameter Ratio (L/D) 
 

Ratio = L ÷ D 
Where: 
L is depth of flow in inches at time of profile; D is inside diameter in inches, L/D is the level/diameter 
ratio. 

 
Identify Flow Unit Multiplier K 
 

K is taken from the L/D Ratio in Table I (on following pages) 
K is the flow unit multiplier.  Find the appropriate L/D ratio in the L/D column and move to the right to 
the desired units column to get the proper flow unit multiplier. 
Comment: 
The flow unit multiplier in Table I is only for circular conduits measured in feet.  

 
Convert the Diameter to Feet and Square 

D2 = (Diameter in inches ÷ 12) * 2 
 
Where: D2 is in feet diameter squared.  
The diameter needs to be converted to feet because the velocity is in feet per second. 

 
Calculate the Flow 

K x D2 x = flow 
 
Example:  What is the flow in millions of gallons per day (MGD) of a 10-inch diameter conduit with a 
6-inch level? The U has been calculated to be 1.5 ft/sec. 

 
Calculate Level/Diameter Ratio L/D:  Level ratio L/D = 6 inches/10 inches = 0.6 

Identify K:  K = 0.6 4 0.3180 from Table I 

Calculate D2:  D2 = (10 in ÷ 12)2 = (0.833 ft)2 = 0.694 ft2 

Calculate flow:  K x D2 x = MGD = 0.3180 x 0.694 ft2 x 1.5 ft/sec = 0.331 MGD 
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Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
CALCULATING FLOW FOR CIRCULAR CONDUITS 
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Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
CALCULATING FLOW FOR CIRCULAR CONDUITS 
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Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
Flow Determination in the Field:   ISCO Model 2150 Area Velocity Flow Module 
 

Standard Operation Procedures for the ISCO Model 2150 are also provided in the User 
Manual (Teledyne ISCO, 2008). 

 
An ISCO Model 2150 Area Velocity flow modules will be used in conjunction with grab sampling 
samplers to allow for the collection of flow-weighted water quality measurements at a targeted outfall. 
The flow modules will also continuously record flow data for the duration of storm event. 
 
SUMMARY OF METHOD 
Flow will be measured with the Teledyne/ISCO 2150 Area Velocity Flow Module unit. The module 
provides the ability to collect flow proportional sample volumes or flow-paced samples. The sampler 
displays the real-time level, velocity, flow rate, and total flow provided by the module. The sampler 
records this data for later analysis. The 2150 Flow Module uses continuous wave Doppler technology to 
measure mean velocity. The sensor transmits a continuous ultrasonic wave (500kaHz), then measures the 
frequency shift of returned echoes reflected by air bubbles or particles in the flow.  The area velocity 
probe is built on digital electronics, so the analog level is digitized in the sensor itself to overcome 
electromagnetic interference. The probe is also factory-calibrated for 10-foot (3 meter) span at different 
temperatures. This built-in calibration eliminates drift in the level signal, providing long-term level 
stability that reduces recalibration frequency and completely eliminates span recalibration. 
 
The 2150 module is designed to measure flow without a primary device (a primary device is a hydraulic 
structure, such as a weir or a flume, which modifies a channel so there is a known relationship between 
the liquid level and the flow rate). Area velocity flow conversion requires three measurements: water 
level, velocity, and pipe dimensions. The AV sensor provides the level and velocity measurements. The 
pipe dimensions will be measured in the field and entered during module programming. The flow 
calculation is made in two steps. First, the module calculates the pipe cross-section (or area) using the 
programmed pipe dimensions and the level measurement. Then, the module multiplies the channel cross-
sectional area and the velocity measurement to calculate the flow rate. 
 
The sampler will be programmed to use the customary U.S. units, such as feet (depth), cubic feet per 
second or gallons per minute (flow, depending on size of the contributing basin), and gallons or millions 
of gallons (volume, depending on the size of the contributing basin). The sampler will be programmed to 
record flow data at 5-minute intervals. These data will be periodically downloaded throughout the course 
of the sampler deployment (as determined by data storage capacity) and entered into the project database. 
 
In addition, data on rainfall will be obtained from the rain gauge station located at 4 Comeau Road in 
North Reading, MA. These data will be used to make sampling decisions throughout the course of the 
sampling and to understand flow results for data reporting. 
 
SUPPLIES AND EQUIPMENT 
The equipment consists of a flow meter module, a sensor and carrier bracket to attach the sensor to the 
outlet pipe. 
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Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
EQUIPMENT PREPARATION 
Mounting equipment such as slip rings, nuts and bolts, brackets will be washed with warm soap water 
using a brush to remove any oil, grease or other residue from the manufacturing process. They will then 
be rinsed with reagent-grade acetone and then with tap water and allowed to dry.  
 
After the brackets have been installed, the work site will be scrubbed with a brush to remove any debris 
and rinsed with DI water before the AV sensor is mounted. The sensor carrier bracket will be installed 
into the outlet pipe with an expandable ring so that the sensor will be located at the bottom of the pipe.  
The flow meter sensor will be connected to the carrier and the cable will secured so that when the sampler 
is installed in the outfall, the cable does not become kinked.  
 
DATA COLLECTION 
Data will be downloaded at the end of the storm event.  The cover is removed a Rapid Transfer Module 
will be plugged in the USB and data downloaded to a field PC. The data will also be downloaded prior to 
disconnecting the power source when batteries must be changed. The data will not be erased and will be 
allowed to overwrite, in case there is a problem downloading the data (the module has adequate memory 
such that there should be capacity to store the entire data record for the entire storm event hydrograph).  
Data will be downloaded from the Rapid Transfer Module at Merrimack College and imported into a 
database using the ISCO data management software (Flowlinks). 
 
DATA STORAGE  
Using the Flowlinks software, you configure which type of data are logged and the storage rate. For each 
measurement, the Data Storage Setup window lets you turn the primary rate off, or select a rate from 15 
seconds to once every 24 hours.  We will be using 5 minute intervals.   
 
If the primary rate is turned off, the AV Module will not store the measurement (unless a secondary rate is 
selected). However, the AV Module will still take readings if that measurement type is necessary for a 
calculation. Secondary rates are used to log data at a different rate when a user-defined condition exists. 
For example, a secondary rate can be used to increase the level and velocity data storage rate when level 
is greater than or equal to a point of interest. Secondary rates give you the best resolution of data, but only 
when it is needed. Until the condition is met, the module will conserve power and memory by storing the 
data at the primary storage rate. Like the primary rate, you can turn the secondary rate off, or select a 
storage rate e.g., 15 minutes). 
 



 QAPP Project 2009-11/ARRa 604 
Revision Number: 3 

Revision Date: 6/29/2010 
Page 93 of 145 

 

 
  

 
93 

Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
Developing Stage-Discharge Relationships for Outfalls 
 
Site-specific stage-discharge relationship will be determined using: (1) episodic manual 
measurements made at different water depths during both baseflow and storm flows using 
Marsh-McBirney Flo-Mate 2000 flow meters; and (2) an ISCO 2150 Area Velocity Flow 
Module. 
 
A complete range of flow readings is necessary for the computation of an accurate stage-
discharge relationship.  We propose to develop these relationships during spring snowmelt 
events.  This will allow the collection of numerous data points and it should allow us to capture 
relatively high flows through the conveyance systems. 
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Appendix C: Field Sampling Procedures - Water Quantity Parameters 
 
Field Sheet for Developing Stage-Discharge Relationship 
 

Outfall ID:  OF-    Field Assistants: ___________________________ 

Date: _________________  Culvert Diameter: ______________ 
 

Time 
(00:00) 
24 hrs 

Depth – D 
inches 

Velocity 
ft/sec 

Time 
(00:00) 
24 hrs 

Depth – D 
inches 

Velocity 
ft/sec 

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
   

 

   
 

 Report Depth (D) in inches to 1 decimal place (e.g., 4.5 in) 

 Report Velocity (V) in ft/sec to 1 decimal place (e.g., 0.9 ft/sec) 
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Appendix C: Field Sampling Procedures - Sediment Plume Assessment Sampling 
 
These procedures are based on the stream channel mapping procedures outlined in Harrelson et al. 
(1994)*.  In addition to using an AMS Sand Sludge Sediment Probe, sample points will be located using a 
Trimbe GeoXT GPS unit and elevations of each sample point relative to a reference site will be 
determined using an EAGL Model 400 Electronic Level.   
 
Mapping and Sampling Surface Sediments 
 
This system consists of a laser level, GPS unit, sediment auger, a series of extension rods, and a “T” 
handle.  Sample site elevations relative to a known elevation are determined using a laser level and a level 
rod.  The laser level projects a beam in a circular plane through a rotating prism. A special level rod with 
a detector is moved up or down until the beam intersects it. The elevation of the point is determined by 
subtracting the rod reading from the elevation of the laser plane.  The site is located spatially using a 
mobile GPS unit that collects both spatial location data as well data on the sample ID, elevation, sediment 
depth, vegetation cover and whether or not a sediment samples was collected. 
 
To collect sediment plume samples, an auger is driven into the sediment and used to extract a core. A 
sample of the core is taken from the appropriate depth and analyzed to determine the depth of deposited 
sediment from the outfall.  Given that the majority of sediments observed at the 15 outfalls consist 
primarily of sand, the depth and extent of sand will be used to estimate sediment plume volume.  The 
design for sediment sampling along the outfall sediment plume is given below.  In the figure below, both 
the elevations and spatial location of all sample points will be determined using a laser level and GPS 
unit, respectively. 

 
Figure AC-1.  A hypothetical 
sample design for an outfall is 
shown.  The top illustration shows 
a birds-eye view of the location of 
sample points relative to the 
outfall, sediment plume and main 
river channel.  The lower 
illustration shows how a level is 
used to determine the elevations of 
sample points across a stream 
channel. 

 
 
 
 
 
 
 

 
* Harrelson, C.C., C.L. Rawlins and J.P. Potyondy. 1994. Stream channel reference sites: an illustrated 

guide to field technique. U.S. Forest Service General Technical Report RM-245. 61 pp.
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Procedure to map and collect sediment samples at each outfall site 
 

1. Using the EAGL Model 400 level, set up a station where the elevation of both the road center line 
and the outfall invert can read using a 20 ft level rod.  Screw the level snugly to the head of the 
tri-pod. “Snug” means finger tight. Over-tightening can cause warping of the tripod plate or 
instrument, which results in inaccurate measurement.  Spread the tripod legs 3 or 4 feet apart, 
adjust the legs to level the tripod in both directions, and push them firmly into the ground. Move 
the leveling screws one at a time or in pairs to bring the bubble into the target circle on the vial 

 

2. Attach the LR-100 laser beam detector unit to the elevation rod using the adjustable clamp.  The 
special receiver is tuned to detect the thin laser beam. It can also identify the relative height of the 
beam and will give off an audible signal to signify high/low or level measurements on the rod. 

 

3. With the laser level set and functioning, begin by establishing a sample point at the nearest road 
center line (where appropriate) or known elevation point (e.g., storm drain, road edge, elevation 
marker).  At the sample point, slide the receiver fixed to the specific height on the rod where a 
continuous tone is heard – this is the elevation relative to the level.  Record the elevation in feet 
in intervals of 0.01 feet (see below). 

 
4. Establish individual and sequential sampling points along the outfall channel as noted in Figure AC-

1. At each sample point, slide the receiver fixed 
to the specific height on the rod where a 
continuous tone is heard – this is the elevation 
relative to the level.  Record the elevation in feet 
in intervals of 0.01 feet.  Transects across the 
outfall channel should be established to help 
capture the elevation characteristics of each 
unique outfall site. 

 
5. Make a rough drawing of the grid in the field 

notebook to show sampling sequence. 
 

6. Mark each sample point with temporary flagging 
and then insert the sediment probe into the 
material to be sample perpendicular to the 
sediment surface.  Push probe down to its full 
depth (if possible).  Turn probe one complete 
turn (360o) to shear of end.  Extraction of 

samples may require slight tilting of the sampler. 
 

7. Slowly withdraw the auger, making sure that the internal plastic liner is still in place.  After 
removing the intact core, it can be extracted by removing the plastic tube. 

 

8. Using a tape measure, measure the depth of sandy sediment from the top of the core sample to the 
interface where it mixes with more organic sediments.  Record the grid location (starting point is 
always 1) and the depth of the sand on the sample data sheet and enter those data into the GeoXT 
GPS unit (see below). 
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9. For every sample point on the sediment plume, transfer the sample into a zip lock bag, seal and 
label.  Collect 10 (ten) sediment plume samples in this manner – these will be used for particle 
size analysis in the laboratory. 
 

10. When completed, be sure the data in the field notebook and the GPS unit can be correlated with 
the spatial sketch of the site. 

 

 

Procedure to log spatial and sampling point data using the Trimble GeoXT GPS unit 

Two identical GeoXT GPS units will be used to collect spatial data location data at each outfall site.  Both 
units are loaded with identical software. 
 
Collecting Data with the GEOXT GPS Unit 
 

a. Press oval grey button to turn unit on 

b. Use pen to press F1 to activate Terrasync Program 

c. Wait until GPS unit finds 4 satellites before collecting data  

d. Click arrow on top left of screen next to status to get drop down menu; then select Data from menu 

e. Select Rover as file type 

f. Under file name change to specific project name 

g. Choose ‘Outfall Mapping’ data dictionary name from drop down menu 

h. Click create on top right of screen 

i. When asked to confirm antenna height select 1 meter, then click OK 

j. On the new menu that appears select feature type (point) that you wish to create and click Create 

k. When prompted to input data add appropriate information that sampler is collecting (point ID, vegetation 
cover, Z1 depth, Z2 depth, if sediment collected) 

l. Press log and allow unit to collect at least 45 data points (watch number in upper right corner of screen), 
then click OK 

m. Select next feature to be created and follow steps j, k and l again 

n. When all data are collected, select close in upper right hand of screen; click Yes to close the file 

o. Close out of Terrasync by clicking the X on top right hand of screen  

p. Click Yes to exit Terrasync  
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Transferring Data with the Data Dictionary 
 

Creating Data Dictionary 
 

• Open Pathfinder Office 3.10 from desktop 
• Select Project you are working on from drop down menu (Outfall Maps); click OK 
• Click Data Dictionary Editor from vertical menu on left (seventh button down from top) 
• Choose and type in name for the data dictionary (Outfall mapping) 
• Click New Feature to add a feature and select the bullet Feature Type (point, line, or area); then give it a 

name 
• Under Default Settings tab make sure Logging Interval is at 5 seconds and minimum positions is at 45 
• Click OK 
• Click New Attribute to add attributes to your feature 
• Select the bullet that applies to your type of data, such as date, time, numeric, etc. (in the New Attribute 

Type box) 
• Click Add and give the Attribute Name in appropriate box 
• Fill in appropriate attribute information for the data you are collecting 
• Leave Field Entry options as is (at bottom) 
• Click OK; this adds the attribute to your feature (you can add as many attributes as you need, then click 

Close) 
• Go to File, Save As and save in project folder; these are DDF files 

 
Transferring Data Dictionary Files to GPS Unit 

•  

• Open GPS Pathfinder Office 3.10 from desktop 
• Choose project from drop down menu (AVIS, North Reading, etc.) 
• Choose Data Transfer from vertical menu on left (second button from top) 
• Wait for connection 
• When connection is successful click the Send tab 
• Click Add and select Data Dictionary from drop down menu 
• Navigate to appropriate DDF file, click Open 
• Click Transfer All to transfer files to GPS unit 

 
Transferring from GPS Unit to Computer  
•  

• Put GPS unit into cradle; it will say “connecting to host” 
• Microsoft ActiveSync will open automatically 
• Choose Guest user and click OK 
• Open GPS Pathfinder Office 3.10 from desktop 
• Select Project Name from drop down menu (Outfall Maps) and click OK 
• Select Data Transfer from buttons in vertical column on left side of screen (second button down from top) 
• Wait for it to confirm connection in upper right of screen 
• Under Receive tab click drop down Add menu and select Data file  
• Under open choose file(s) to be transferred and click Open 
• Choose Transfer All on right hand side of screen 
• When transfer is complete click Close 
• Close out of data transfer menu 
• Under File on top of screen, choose Open 
• Files that were just transferred will be highlighted in grey; click Open to display information in pathfinder 
• Click ‘View’ and then choose map to display points 
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Differential Correction of Transferred Files 
 

• Wait one hour after collecting data before correcting data 
• Open GPS Pathfinder Office 3.10 
• Open SSF file that is to be corrected 
• Click “bull’s eye” button from vertical column on left of screen (third button down from top) 
• The open file will be under “Selected Files” on present screen 
• Under Base File click Internet Search 
• Click New under search type 
• Select bullet “Copy the most up-to-date information…” 
• Confirm internet settings by clicking Yes; it will then copy the up-to-date files 
• A menu of Base Providers will appear; select COOP CORS Maine Technical Source in Woburn, MA as the 

server; then click OK 
• Click Yes to overwrite existing information of base provider; click OK to confirm their information under 

Provider Properties 
• Click OK under Internet Search box and then click Yes to confirm Internet Settings again; files will be 

automatically copied 
• It will display the files that have been differentially corrected and the coverage information in Confirm Selected 

Base Files box; click OK 
• Click OK when Reference Position box pops up; this confirms your coordinate system 
• Click OK in the Confirm Reference Position Adjustments box; this shows what it corrected for locations on data 

points 
• Under Corrected Files, it will show the export location of the corrected COR file; click OK 
• Differential Corrections Complete box pops up to show what has been exported; click Close 
• In Pathfinder Office click File, Open and select the COR file that was just corrected to view  

 
Transferring Shapefile from GPS Unit to ArcGIS 
 

• Open Pathfinder Office 3.10 from desktop 
• Choose File, Open and select a corrected COR file to transfer 
• Click Export Data from left vertical column menu (fourth down from top) 
• The open file will appear in the Selected Files box 
• Under Choose Export Setup, choose Sample ESRI shapefile 
• Under Output Location, you can OK output location or browse to select output location of your choice 
• Click OK; it may then ask if you want files to be over written- ONLY click OK if you know that the file you are 

replacing a file that has been saved in another location 
• Click Close when export is complete 
• To assure export was successful, open file in ArcGIS from Program menu 
• If necessary change file name and save it in another location 
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Creating Background Files and Transferring to GPS Unit 
 

• Open GPS Pathfinder Office 3.10 from Desktop 
• Choose Import from vertical menu on left (bottom button) 
• Under Import File, browse to find background file to be transferred 
• Under Choose Import File Setup select Sample ESRI Shapefile 
• Click OK; then when import is complete click Close in Import Completed box (notice where the file has been 

saved and that it is now an INP file) 
• In pathfinder office select Data Transfer from vertical menu on left (second button from top)  
• Click Send tab  
• Click Add and select Background file 
• Navigate to INP file that you saved and select bullet; click OK 
• Click Transfer All to transfer the file to the GPS unit 
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Appendix C: Field Sampling Procedures - Sediment Plume Assessment Sampling 
 
Field Sheet for Sediment Plume Assessment (Data will be also entered into GeoXT GPS Unit) 
 

Outfall ID:  OF-X    Field Assistants: ___________________________ 

Date: _________________  Culvert Diameter: ______________ 
 

Grid  
Code 

Sand 
Sediment 

Depth 
(inches) 

Laser 
Level 

Elevation 
(feet) 

Sediment 
Sample 
Taken? 

Grid 
Code 

Sand 
Sediment 

Depth 
(inches) 

Laser 
Level 

Elevation 
(feet) 

Sediment 
Sample 
Taken? 

1    33    
2    34    
3    35    
4    36    
5    37    
6    38    
7    39    
8    40    
9    41    

10    42    
11    43    
12    44    
13    45    
14    46    
15    47    
16    48    
17    49    
18    50    
19    51    
20    52    
21    53    
22    54    
23    55    
24    56    
25    57    
26    58    
27    59    
28    60    
29    61    
30    62    
31    63    
32    64    

 
 

Note:  Be sure to include rough sketch of grid in field notebook indicating the location of point 1 and the sequence of  sampling points established 
that correspond to the above Table.  Include a North arrow as well at the outfall location.
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Appendix C: Field Sampling Procedures - Erosion Assessment at Outfall Reaches 
 
Channel Cross Sections at Outfall Reaches 
 

At each of the 15 outfalls, channel cross-sections will be used to assess both reach characteristics and to 
collect relevant data to be used in erosion assessment analysis.  The following procedures will be used. 
 

1. Starting at the culvert outfall, a tape measure will be used to establish a 100 ft transect centered 
on the outfall stream channel and running a minimum of 50 ft in either direction perpendicular to 
the outfall channel.  A sketch of the set-up of the cross-sectional transects is shown below.   

 

 
 

2. The transects will be established using a thin rope that will be attached to stakes on either side of 
the outfall reach.  (Note:  Channel cross-section elevations will be conducted at part of the 
Sediment Plum Assessment Procedures).   

 
3. The transects perpendicular to the outfall culvert will be spaced at 20 to 50 ft intervals depending 

on the variation along the outfall reach from the culvert outfall to the Ipswich River.   
 

4. Herbaceous cover assessment - Starting at the outfall channel centerline, 1 m2 quadrats will be 
centered every 10 feet and % herbaceous cover will be determined for each quadrat.   

 
5. Shrub layer assessment – The presence and percent cover of the shrub layer will be determined 

using 4 m2 quadrats spaced at 20 ft intervals on each side of the main outfall channel.  Percent 
cover will be determined for each species of shrub present 
 

6. Tree layer assessment – The presence and percent cover of tree layer will be determined.  All 
dominant tree species present will be noted. 
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Appendix C: Field Sampling Procedures - Erosion Assessment at Outfall Reaches 
 
Outfall Reach Channel Erosion Hazard Index (EHI) Assessments 
 
The following data will also be collected along each transect for each bank of the channel (left and right) 
at each outfall.  The locations of the measurements noted below correspond to those in the Figure below. 
 

• Bank Height - A (ft)  
• Bankfull Height - B (ft)  
• Root Depth - C (ft)  
• Root Density - D (%)  
• Bank Angle - (degree)  
• Surface Protection - (% of vegetated cover on channel bank from bottom of channel to bankfull)  
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Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 
 

Outfall Reach Channel:   
Erosion Hazard Index (EHI) Assessments 

 
 
 
 
 
 
 
 
OUTFALL ID: OF – __   DATE:_______ TIME:_________ 
 
FIELD ASSISTANTS:___________________________________________ 
 
 EAST SIDE OFTRANSECT WEST SIDE OFTRANSECT 

Transect 
Number 

Bank 
Height 

A 
ft 

Bankfull 
Height 

B  
ft 

Root 
Depth 

C  
ft 

Root 
Density 

D 
% 

Bank 
Angle  

 
degrees 

Surface 
Protection 

 
% 

Transect 
Number 

Bank 
Height 

A 
ft 

Bankfull 
Height 

B  
ft 

Root 
Depth 

C  
ft 

Root 
Density 

D 
% 

Bank 
Angle  

 
degrees 

Surface 
Protection  

 
% 

1       1       
2       2       
3       3       
4       4       
5       5       
6       6       
7       7       
8       8       
9       9       
10       

 

10       
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Appendix C: Field Sampling Procedures - Erosion Assessment at Outfall Reaches 
 
After collecting the outfall reach data noted in the previous section, a series of erodibility variables (values) 
will be computed for each bank of each transect.  These, in turn, will be used to help quantify erosion levels 
and erosion potential at each outfall site. 
 

• Bank Height / Bankfull Height - (A/B)  
• Root Depth / Bank Height - (C/A)  
• Weighted Root Density - (D*C/A) 
• Bank Angle - (degree)  
• Surface Protection - (%)  

 
The erodibility variable values should then be converted to numerical indices for bank erosion potential based 
on the relationships determined by Rosgen (2004).  The following table from Rosgen (2004) should be used to 
calculate bane erosion hazard index values for each bank at each outfall. 
 

 
 
Based on the above table, a total score for each bank is obtained by:   
 

(1) summing up the bank potential erosion scores indices in above table for each bank on each transect 
(each transect has two banks); 
 
(2) by averaging the scores for each bank over the number of transects used.  There thus should be one 
average score for each bank at each outfall; 

 
After calculating the average score for each bank at each outfall, the can be classified as to their so-called Bank 
Erosion Hazard Index (BEHI Rating) using the below table to classify each bank. 
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Appendix C: Field Sampling Procedures - Erosion Assessment at Outfall Reaches 
 

These ratings will be used as one of the criteria to rank the outfalls based on greatest need for remediation; the 
higher the rating the higher the priority for remediation planning. 

 
Vegetation Cover Analysis 
 
The vegetation cover along a 50 ft wide strip on each side of the outfall channel will also be characterized.  
The following variables will be visually estimated for each strip at each outfall. 
 

1. Presence and percent cover of tree layer 
2. Dominant tree species present 
3. Presence and percent cover of shrub layer 
4. Presence and percent cover of herbaceous layer 
5. Presence and percent cover of bare ground 
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Appendix D: Forms - Field Data Sheets, Chain 
of Custody and Laboratory Forms 
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Appendix D: Forms - Field Data, Chain of Custody and Laboratory Forms 
 
 

Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 
 

DISCRETE SAMPLE FIELD DATA SHEET 
 
OUTFALL ID: OF –    
 
DATE:________________ TIME:___________________ 
 
FIELD ASSISTANTS:_____________________________________________________________ 
 
WEATHER OBSERVATIONS (check appropriate boxes): 
 

Weather now:  Clear   Partly Cloudy   Overcast   Cloudy   Drizzle  Raining   Other: 
 

 
WATER LEVEL AND FLOW DATA (fill appropriate boxes): 
 

Water Depth in Outfall Pipe: _____________ inches 

Velocity: ________________ ft/sec 

GENERAL OBSERVATIONS  
 

Comments: 
 

 
______________________________________________________ 
 
SAMPLES TAKEN (check appropriate boxes): 
 

 50 ml bacteria (E. coli)      

 250 ml Total P    

 500 ml brown bottle sample (chloride, nitrate, nitrite, ortho-P, sulfate, color, turbidity)  

 1 liter TSS 

 Velocity (Flo-Mate 2000) 

 Dissolved oxygen, Temperature, pH, Conductivity, Chlorophyll (YSI probe) 

 Other: _______________________________________________________________________ 

 Field Duplicate Taken 

 Field Blank Made with Deionized Water 
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Appendix D: Forms - Field Data, Chain of Custody and Laboratory Forms   
Field Data Sheet:  Discrete Sampling 

 
Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 

 
FIELD ASSISTANTS:_____________________________________________________ 
 
DATE:  ____________________ 

 
Outfall Water Quality Sampling:  YSI 9620 Probe - Non-Storm Event Sampling 

 
Date: 
Samplers: 

YSI 6920-S Probe Data 

Outfall  
ID 

Time 
00:00 

D.O. 
mg/l pH Conductivity 

µs/cm 
Temp 

oC 
Chlorophyll 

µg/L 
Samples Taken? 

circle 
OF-1       YES        NO 

OF-2       YES        NO 
OF-3       YES        NO 
OF-4       YES        NO 
OF-5       YES        NO 
OF-6       YES        NO 
OF-7       YES        NO 
OF-8       YES        NO 
OF-9       YES        NO 
OF-10       YES        NO 
OF-11       YES        NO 
OF-12       YES        NO 
OF-13       YES        NO 
OF-14       YES        NO 
OF-15       YES        NO 
Replicate 
OF-_____ 

       

 
Computer File Location and Name for  QC and Calibration 
Information 
 
 

 

 

 Comments: 
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Appendix D:  Forms.   
  Outfall Water Sampling:  Storm Event Sampling 

 
Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 

 
OUTFALL ID:  
Date: 
Samplers: 

Hydrograph YSI 6920-S Probe Data 
Flow 
Meter Depth Sample Collection 

Check List  
Real 
Time Event D.O. 

mg/l pH Cond 
µs/cm 

Temp 
oC 

Chl 
µg/L 

Velocity 
ft/sec in E. 

coli 
TS
S 

Cl 
anions 

Total 
P 

 First 
Flush 

           

 15 min            

 30 min            

 45 min            

 60 min            

 2 hr            

 3 hr            

 4 hr            

 5 hr            

 6 hr            

 7 hr            

 8 hr            

 9 hr            

 10 hr            

 11 hr            

 12 hr            

 13 hr            

 14 hr            

 15 hr            

 16 hr            

 17 hr            

 18 hr            

 19 hr            

 20 hr            

 21 hr            

 22 hr            

 23 hr            

 24 hr            
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Appendix D:  Forms.   
  Chain of Custody for E. coli Samples 

 
Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 

 
 

CHAIN OF CUSTODY FORM 
 

Fill in the Date and Time, and Sign in the Released/Received Columns   
 

Name of Lab:  Andover Water Treatment Plant Laboratory 

Client: Merrimack College     Samplers Signature: _______________ ______________ 
  

Outfall 
Location Date Time 

(24:00) 
Sample 

Type 
# 

Bottles Analyses Comments 

OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
OF-   grab 1 E.coli  
       
Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 

Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 
Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 
Relinquished by: Signature Received @Lab: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 

    Comments: 
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Appendix D:  Forms.   
  Chain of Custody for Total P Water Quality Sample Bottles 
 
 

Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 
 
 

CHAIN OF CUSTODY FORM 
 

Fill in the Date and Time, and Sign in the Released/Received Columns   
 

Name of Lab:  Merrimack Environmental Analysis Laboratory 

Client: Town of North Reading     Samplers Signature: _______________

 ______________ 

Outfall 
Location Date Time Sample 

Type # Bottles Analyses Comments 

OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
OF-   grab 1 Total P  
       
 

Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 

Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 
Relinquished by: Signature Received @Lab: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 

   Comments: 
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Appendix D:  Forms.   
  Chain of Custody for Water Quality Sample Bottles 
 

Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 
 
 

CHAIN OF CUSTODY FORM 
 

Fill in the Date and Time, and Sign in the Released/Received Columns   
 

Name of Lab:  Merrimack Environmental Analysis Laboratory 

Client: Town of North Reading     Samplers Signature: _______________

 ______________ 

Outfall 
Location Date Time Sample 

Type 
# 

Bottles Analyses Comments 

OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
OF-   grab 1 Nitrate, Nitrite, Chloride, Sulfate, Ortho-P  
       
 

Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 

Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 
Relinquished by: Signature Received @Lab: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 
    Comments: 
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Appendix D:  Forms.   
  Chain of Custody for TSS Sample Bottles 
 

Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 
 
 

CHAIN OF CUSTODY FORM 
 

Fill in the Date and Time, and Sign in the Released/Received Columns   
 

Name of Lab:  Merrimack Environmental Analysis Laboratory 

Client: Town of North Reading     Samplers Signature: _______________

 ______________ 

Outfall 
Location Date Time Sample 

Type 
# 

Bottles 
Analys

es Comments 

OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
OF-   grab 1 TSS  
       
 

Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 

Relinquished by: Signature Received by: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 
Relinquished by: Signature Received @Lab: Signature Date/Time Cooler Temp < 6oC? 

  ____Yes      ____No 
   Comments: 
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Appendix D:  Forms.  
 Lab Data Sheet for Anion Analysis 

 
Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 

 
LAB ANALYSTS: ____________________________________________________________ 
 
ANALYSIS DATE :____________________ 
 
DATE SAMPLES COLLECTED:____________________ 
 

Sample 
ID Chloride Ortho-P Nitrate Nitrite Sulfate 

OF-1     

OF-2     

OF-3     

OF-4     

OF-5     

OF-6     

OF-7     

OF-8     

OF-9     

OF-10     

OF-11     

OF-12     

OF-13     

OF-14     

OF-15     

QC Sample     

Replicate     

Blank     
Computer 
File 
Location 
and Name 
for  QC and 
Calibration 
I f ti

    

When 
Completed 

    

 
Comments:
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Appendix E:  Lab Procedures  
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Appendix E:  Laboratory Procedures 
 
General Laboratory Protocols 
 
Lab Location:  268 Mendel Science Center, Merrimack College, North Andover, MA 
Lab Managers: Dr. Jon Lyon and Dr. Stephen Theberge 
Additional staff includes undergraduate students that serve as laboratory assistants and data entry 
technicians. 
 
Washing Bottles 
 
TSS Bottles (1000 ml opaque HDPE bottles) – Wash three times with deionized H2O and let dry 
completely before capping them. Make sure the bottles and caps are face down when drying to assure dust 
particles do not settle inside and contaminate them. If contamination is suspected, rewash the bottles as 
above. 
 
Bottles for Total P (250ml, opaque HDPE Acid Washed Bottles) – These bottles should be rinsed once 
with deionized H2O and then placed in the acid bath (30% HCL) for a minimum of 30 minutes (make sure 
the bottles are completely submersed). After 10 minutes, drain the acid from the bottles and rinse three 
times with deioinzed H2O and place in the chicken wire drying rack. Always have both the bottles and 
caps face down to dry. Under no circumstances should these bottles be dried on the peg drying racks (this 
will contaminate the bottles and they will have to be rewashed). Once dry cap the bottles being careful not 
to touch inside the caps or inside the bottles. If there is any suspicion of contamination, rewash the 
bottles.  Place dried bottles in the special phosphorus analysis cabinet in Mendel 268. 
 
Dissolved Nutrient Bottles (500 ml Amber HDPE) – These bottles should be rinsed once with 
deionized H2O and then placed in the acid bath (30% HCL) for a minimum of 30 minutes (make sure the 
bottles are completely submersed). After 10 minutes, drain the acid from the bottles and rinse six times 
with deionized H2O and place in the chicken wire drying rack. Always have both the bottles and caps face 
down to dry. Under no circumstances should these bottles be dried on the peg drying racks (this will 
contaminate the bottles and they will have to be rewashed). Once dry cap the bottles being careful not to 
touch inside the caps or inside the bottles. If there is any suspicion of contamination, rewash the bottles. 
 
Bacterial Sampling Bottles: (Sterile, 50 ml opaque wide mouth bottles) – These sterile sample bottles 
come directly from the manufacturer (name) and are wrapped in plastic and the sample bottles are capped. 
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Appendix E:  Total Phosphorus - 4500-P PHOSPHORUS [SOP for DEP Certified Lab] 

 
4500-P A. Introduction  

1. Occurrence 
Phosphorus occurs in natural waters and in wastewaters almost solely as phosphates. These are classified 
as orthophosphates, condensed phosphates (pyro-, meta-, and other polyphosphates), and organically 
bound phosphates. They occur in solution, in particles or detritus, or in the bodies of aquatic organisms.  
 
These forms of phosphate arise from a variety of sources. Small amounts of orthophosphate or certain 
condensed phosphates are added to some water supplies during treatment. Larger quantities of the same 
compounds may be added when the water is used for laundering or other cleaning, because these 
materials are major constituents of many commercial cleaning preparations. Phosphates are used 
extensively in the treatment of boiler waters. Orthophosphates applied to agricultural or residential 
cultivated land as fertilizers are carried into surface waters with storm runoff and to a lesser extent with 
melting snow. Organic phosphates are formed primarily by biological processes. They are contributed to 
sewage by body wastes and food residues, and also may be formed from orthophosphates in biological 
treatment processes or by receiving water biota.  
 
Phosphorus is essential to the growth of organisms and can be the nutrient that limits the primary 
productivity of a body of water. In instances where phosphate is a growth-limiting nutrient, the discharge 
of raw or treated wastewater, agricultural drainage, or certain industrial wastes to that water may stimulate 
the growth of photosynthetic aquatic micro- and macroorganisms in nuisance quantities.  
 
Phosphates also occur in bottom sediments and in biological sludges, both as precipitated inorganic forms 
and incorporated into organic compounds.  
 
2. Definition of Terms 
Phosphorus analyses embody two general procedural steps: (a+) conversion of the phosphorus form of 
interest to dissolved orthophosphate, and (b) colorimetric determination of dissolved orthophosphate. The 
separation of phosphorus into its various forms is defined analytically but the analytical differentiations 
have been selected so that they may be used for interpretive purposes.  
 
Filtration through a 0.45-mm-pore-diam membrane filter separates dissolved from suspended forms of 
phosphorus. No claim is made that filtration through 0.45-mm filters is a true separation of suspended and 
dissolved forms of phosphorus; it is merely a convenient and replicable analytical technique designed to 
make a gross separation.  
 
Membrane filtration is selected over depth filtration because of the greater likelihood of obtaining a 
consistent separation of particle sizes. Prefiltration through a glass fiber filter may be used to increase the 
filtration rate.  
 
Phosphates that respond to colorimetric tests without preliminary hydrolysis or oxidative digestion of the 
sample are termed ‘‘reactive phosphorus.’’ While reactive phosphorus is largely a measure of 
orthophosphate, a small fraction of any condensed phosphate present usually is hydrolyzed unavoidably 
in the procedure. Reactive phosphorus occurs in both dissolved and suspended forms.  
 
Acid hydrolysis at boiling-water temperature converts dissolved and particulate condensed phosphates to 
dissolved orthophosphate. The hydrolysis unavoidably releases some phosphate from organic compounds, 
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but this may be reduced to a minimum by judicious selection of acid strength and hydrolysis time and 
temperature. The term ‘‘acid-hydrolyzable phosphorus’’ is preferred over ‘‘condensed phosphate’’ for 
this fraction.  
 
The phosphate fractions that are converted to orthophosphate only by oxidation destruction of the organic 
matter present are considered ‘‘organic’’ or ‘‘organically bound’’ phosphorus. The severity of the 
oxidation required for this conversion depends on the form—and to some extent on the amount—of the 
organic phosphorus present. Like reactive phosphorus and acid-hydrolyzable phosphorus, organic 
phosphorus occurs both in the dissolved and suspended fractions.  
 
The total phosphorus as well as the dissolved and suspended phosphorus fractions each may be divided 
analytically into the three chemical types that have been described: reactive, acid-hydrolyzable, and 
organic phosphorus. Figure 4500-P:1 shows the steps for analysis of individual phosphorus fractions. As 
indicated, determinations usually are conducted only on the unfiltered and filtered samples. Suspended 
fractions generally are determined by difference; however, they may be determined directly by digestion 
of the material retained on a glass-fiber filter.  
 
3. Selection of Method  
a. Digestion methods: Because phosphorus may occur in combination with organic matter, a digestion 
method to determine total phosphorus must be able to oxidize organic matter effectively to release 
phosphorus as orthophosphate. Three digestion methods are given in Section 4500-P.B.3, Section 4500-
P.B.4, and  Section 4500-P.B.5. The perchloric acid method, the most drastic and time-consuming 
method, is recommended only for particularly difficult samples such as sediments. The nitric acid-sulfuric 
acid method is recommended for most samples. By far the simplest method is the persulfate oxidation 
technique. Persulfate oxidation is coupled with ultraviolet light for a more efficient digestion in an 
automated in-line digestion/determination by flow injection analysis (4500-P.I). It is recommended that 
persulfate oxidation methods be checked against one or more of the more drastic digestion techniques and 
be adopted if identical recoveries are obtained. 
 
After digestion, determine liberated orthophosphate by Method C, D, E, F, G, or H. The colorimetric 
method used, rather than the digestion procedure, governs in matters of interference and minimum 
detectable concentration.  
 
b. Colorimetric method: Three methods of orthophosphate determination are described. Selection depends 
largely on the concentration range of orthophosphate. The vanadomolybdophosphoric acid method (C) is 
most useful for routine analysis in the range of 1 to 20 mg P/L. The stannous chloride method (D) or the 
ascorbic acid method (E) is more suited for the range of 0.01 to 6 mg P/L. An extraction step is 
recommended for the lower levels of this range and when interferences must be overcome. Automated 
versions of the ascorbic acid method (F, G, and H) also are presented. Careful attention to procedure may 
allow application of these methods to very low levels of phosphorus, such as those found in unimpaired 
fresh water. 
 
Ion chromatography (Section 4110) and capillary ion electrophoresis (Section 4140) are useful for 
determination of orthophosphate in undigested samples.  
 
4. Precision and Bias 
To aid in method selection, Table 4500-P:I presents the results of various combinations of digestions, 
hydrolysis, and colorimetric techniques for three synthetic samples of the following compositions:  
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Sample 1: 100 mg orthophosphate phosphorus (PO4
3--P/L), 80 mg condensed phosphate phosphorus/L 

(sodium hexametaphosphate), 30 mg organic phosphorus/L (adenylic acid), 1.5 mg NH3-N/L, 0.5 mg 
NO3-N/L, and 400 mg Cl-/L.  
 
Sample 2: 600 mg PO4

3–-P/L, 300 mg condensed phosphate phosphorus/L (sodium hexametaphosphate), 
90 mg organic phosphorus/L (adenylic acid), 0.8 mg NH3-N/L, 5.0 mg NO3

–-N/L, and 400 mg Cl–/L.  
 
Sample 3: 7.00 mg PO4 3–-P/L, 3.00 mg condensed phosphate phosphorus/L (sodium 
hexametaphosphate), 0.230 mg organic phosphorus/L (adenylic acid), 0.20 mg NH3-N/L, 0.05 mg NO3

–- 
N/L, and 400 mg Cl–/L. 
 
Do not store samples containing low concentrations of phosphorus in plastic bottles unless kept in a 
frozen state because phosphates may be adsorbed onto the walls of plastic bottles. 
 
Rinse all glass containers with hot dilute HCl, then rinse several times in reagent water. Never use 
commercial detergents containing phosphate for cleaning glassware used in phosphate analysis.  
 
6. Bibliography  
 
BLACK, C.A., D.D. EVANS, J.L. WHITE, L.E. ENSMINGER & F.E. CLARK, eds. 1965. Methods of 

Soil Analysis, Part 2, Chemical and Microbiological Properties. American Soc. Agronomy, Madison, 
WI.  

JENKINS, D. 1965. A study of methods suitable for the analysis and preservation of phosphorus forms 
in an estuarine environment. SERL Rep. No. 65-18, Sanitary Engineering Research Lab., Univ. 
California, Berkeley.  

LEE, G.F. 1967. Analytical chemistry of plant nutrients. In Proceedings of the International Conference 
on Eutrophication, Madison, WI.  

 
FITZGERALD, G.P. & S.L. FAUST. 1967. Effect of water sample preservation methods on the release of 

phosphorus from algae. Limnology and  Oceanography 12:332.  
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4500-P B. Sample Preparation 
 
1. Preliminary Filtration 
Filter samples for determination of dissolved reactive phosphorus, dissolved acid-hydrolyzable 
phosphorus, and total dissolved phosphorus through 0.45-mm membrane filters. A glass fiber filter 
may be used to prefilter hard-to-filter samples.  
 
Wash membrane filters by soaking in distilled water before use because they may contribute significant 
amounts of phosphorus to samples containing low concentrations of phosphate. Use one of two washing 
techniques: (a) soak 50 filters in 2 L distilled water for 24 h; (b) soak 50 filters in 2 L distilled water for 
1 h, change distilled water, and soak filters an additional 3 h. Membrane filters also may be washed by 
running several 100-mL portions of distilled water through them. This procedure requires more frequent 
determination of blank values to ensure consistency in washing and to evaluate different lots of filters.  
 
2. Persulfate Digestion Method  

a. Apparatus:  
1) Hot plate: A 30- × 50-cm heating surface is adequate.  
2) Autoclave: An autoclave or pressure cooker capable of developing 98 to 137 kPa may be used 

in place of a hot plate.  
3) Glass scoop, to hold required amounts of persulfate crystals.  

b. Reagents:  
1) Phenolphthalein indicator aqueous solution.  
2) Sulfuric acid solution: Carefully add 300 mL concentrated H2SO4 approximately 600 mL 

distilled water and dilute to 1 L with distilled water.  
3) Ammonium persulfate, (NH4S2O8, solid, or potassium persulfate, K2S2O8 

solid.  
4) Sodium hydroxide, NaOH, 1N.  

c. Procedure: Use 50 mL or a suitable portion of thoroughly mixed sample. Add 0.05 mL (1 drop) 
phenolphthalein indicator solution. If a red color develops, add H2SO4 solution drop wise to just 
discharge the color. Then add 1 mL H2SO4 solution and either 0.4 g solid (NH4)2 S2O8. or 0.5 g 
solid K2S2O8. 

 

Boil gently on a preheated hot plate for 30 to 40 min or until a final volume of 10 mL is reached. 
Organophosphorus compounds such as AMP may require as much as 1.5 to 2 h for complete digestion. 
Cool, dilute to 30 mL with distilled water, add 0.05 mL (1 drop) phenolphthalein indicator solution, and 
neutralize to a faint pink color with NaOH. Alternatively, heat for 30 min in an autoclave or pressure 
cooker at 98 to 137 kPa. Cool, add 0.05 mL (1 drop) phenolphthalein indicator solution, and neutralize to 
a faint pink color with NaOH. Make up to 100 mL with distilled water. In some samples a precipitate may 
form at this stage, but do not filter. For any subsequent subdividing of the sample, shake well. The 
precipitate (which is possibly a calcium phosphate) redissolves under the acid conditions of the 
colorimetric reactive phosphorus test. Determine phosphorus by Method C, D, or E, for which a separate 
calibration curve has been constructed by carrying standards through the persulfate digestion procedure.  
 
3. Bibliography  
LEE, G.F., N.L. CLESCERI & G.P. FITZGERALD. 1965. Studies on the analysis of phosphates in algal 

cultures. Journal of  Air and Water Pollution 9:715. 
SHANNON, J.E. & G.F. LEE. 1966. Hydrolysis of condensed phosphates in natural waters. Journal of  

Air and Water Pollution 10:735. 
GALES, M.E., JR., E.C. JULIAN & R.C. KRONER. 1966. Method for quantitative determination of total 

phosphorus in water. Journal of the American Water Works Association. 58:1363.  
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4500-P E. Ascorbic Acid Method  

 
1. General Discussion  
a. Principle: Ammonium molybdate and potassium antimonyl tartrate react in acid medium with 

orthophosphate to form a heteropoly acid—phosphomolybdic acid—that is reduced to intensely 
colored molybdenum blue by ascorbic acid.  

 
b. Interference: Arsenates react with the molybdate reagent to produce a blue color similar to that formed 

with phosphate. Concentrations as low as 0.1 mg As/L interfere with the phosphate determination. 
Hexavalent chromium and NO2 interfere to give results about 3% low at concentrations of 1 mg/L and 
10 to 15% low at 10 mg/L. Sulfide (Na2S) and silicate do not interfere at concentrations of 1.0 and 
10mg/L. 

 
 

    Approximate  
P Range Light Path 

mg/L cm 
0.30–2.0 0.5 

0.15–1.30 1.0 
0.01–0.25 5.0 

 
2. Apparatus  
a. Colorimetric equipment: One of the following is required:  

1) Spectrophotometer, with infrared phototube for use at 880 nm, providing a light path of 2.5 
cm or longer.  
2) Filter photometer, equipped with a red color filter and a light path of 0.5 cm or longer.  

b. Acid-washed glassware: See Section 4500-P.C.2b.  
 
3. Reagents  
a. Sulfuric acid, H2SO4 5N: Dilute 70 mL concentrated H2SO4 to 500 mL with distilled water.  
b. Potassium antimonyl tartrate solution: Dissolve 1.3715 g K(SbO)C4H4O6 – ½ H2O in 400 mL distilled 
water in a 500-mL volumetric flask and dilute to volume. Store in a glass-stoppered bottle.  
c. Ammonium molybdate solution: Dissolve 20 g (NH4)6Mo7O24 – 4 H2O in 500 mL distilled water. Store 
in a glass-stoppered bottle.  
d. Ascorbic acid, 0.1M: Dissolve 1.76 g ascorbic acid in 100 mL distilled water. The solution is stable for 
about 1 week at 4°C.  
e. Combined reagent: Mix the above reagents in the following proportions for 100 mL of the  
combined reagent: 50 mL 5N H2SO4, 5 mL potassium antimonyl tartrate solution, 15 mL ammonium 
molybdate solution, and 30 mL ascorbic acid solution. Mix after addition of each reagent. Let all 
reagents reach room temperature before they are mixed and mix in the order given. If turbidity forms 
in the combined reagent, shake and let stand for a few minutes until turbidity disappears before 
proceeding. The reagent is stable for 4 h.  
f. Stock phosphate solution: See Section 4500-P.C.3e.  
g. Standard phosphate solution: Dilute 50.0 mL stock phosphate solution to 1000 mL with distilled water, 

1.00 mL = 2.50 ug P. 
4. Procedure 
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a. Treatment of sample: Pipette 50.0 mL sample into a clean, dry test tube or 125-mL Erlenmeyer flask. 
Add 0.05 mL (1 drop) phenolphthalein indicator. If a red color develops add 5N H2SO4 solution drop 
wise to just discharge the color. Add 8.0 mL combined reagent and mix  thoroughly. After at least 10 
min but no more than 30 min, measure absorbance of each sample at 880 nm, using reagent blank as the 
reference solution.  

b. Correction for turbidity or interfering color: Natural color of water generally does not interfere at 
the high wavelength used. For highly colored or turbid waters, prepare a blank by adding all 
reagents except ascorbic acid and potassium antimonyl tartrate to the sample. Subtract blank 
absorbance from absorbance of each sample.  

c. Preparation of calibration curve: Prepare individual calibration curves from a series of six 
standards within the phosphate ranges indicated in ¶ 1c above. Use a distilled water blank with 
the combined reagent to make photometric readings for the calibration curve. Plot absorbance vs. 
phosphate concentration to give a straight line passing through the origin. Test at least one 
phosphate standard with each set of samples.  

 
5. Calculation 

 
 
6. Precision and Bias 
The precision and bias values given in Table 4500-P:I are for a single-solution procedure given in the 
13th edition. The present procedure differs in reagent-to-sample ratios, no addition of solvent, and acidity 
conditions. It is superior in precision and bias to the previous technique in the analysis of both distilled 
water and river water at the 228-mg P/L level (Table 4500-P:II).  
 
7. References  
EDWARDS, G.P., A.H. MOLOF & R.W. SCHNEEMAN. 1965. Determination of orthophosphate in 

fresh and saline waters. J. Amer. Water Works Assoc. 57:917. 
MURPHY, J. & J. RILEY. 1962. A modified single solution method for the determination of phosphate 

in natural waters. Anal. Chim. Acta 27: 31. 
SLETTEN, O. & C.M. BACH. 1961. Modified stannous chloride reagent for orthophosphate 

determination. J. Amer. Water Works Assoc. 53: 1031.  
STRICKLAND, J.D.H. & T.R. PARSONS. 1965. A Manual of Sea Water Analysis, 2nd ed. Fisheries 

Research Board of Canada, Ottawa.  
 
* APPROVED BY STANDARD METHODS COMMITTEE, 1997. 
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Appendix E:  Lab Procedures - Merrimack College Environmental Analysis Laboratory 
 

Determination of Total Phosphorus by Ascorbic Acid Method (Acid Persulfate Digestion Method) 
SM 4500-P-B, E 
   

1. The paperwork, such as chain-of-custody, for samples that are acceptable for analysis must first 
be completed. 

2. Acceptable samples are samples just arriving from the sampling site or samples that have been 
labeled, refrigerated, and have not exceeded the holding time. 

3. Frozen samples should be allowed time to thaw and analyzed as soon as possible. 
4. The digestion must be performed to convert all P to PO4

3-.  Standards must be carried through the 
digestion along with the samples, thus the standards must be prepared first. 

5. If not previously prepared, the stock phosphate solution must be made.  Dissolve in distilled 
water 219.5 mg anhydrous KH2PO4 and dilute to the mark in a 1 L volumetric flask.  1.00mL = 
50.0 µg PO4

3--P. 
6. If not previously prepared, the standard phosphate solution must be made.  In a 1 L volumetric 

flask dilute 50.0 mL stock phosphate solution to the mark with distilled water.  1.00 mL = 2.50 
µg P. 

7. Prepare 5 to 6 standards depending on the path length of the cell and the expected concentration 
of the samples; refer to table in Section 4500-P E on p.4-146 of the standard methods book for the 
approximate range of P concentration used with each path length and prepare standards within 
that range. 

8. Calculate the amount of standard phosphate solution that must be added to each 25 or 50 mL 
volumetric flask for each standard within the approximate P concentration range determined.  
Then dilute each flask to the mark with distilled water.  Clearly label each flask.  

9. Next, the sulfuric acid solution for the digestion must be prepared if it has not previously been 
made.  Add 300 mL of concentrated H2SO4 to approximately 600 mL of distilled water and dilute 
to 1 L with distilled water.  Never do this in a volumetric flask, use a beaker. 

10. Setup as many 125 mL Erlenmeyer flasks necessary; one for a blank, one for each sample, one 
for each standard, and two more for each tenth sample which will be a duplicate and a QC 
sample. 

11. Pipette 50 mL of thoroughly mixed sample or standard into each corresponding flask.  Use 
deionized water for the blank. 

12. Add 1 drop (0.05 mL) of phenolphthalein indicator to each flask.  If a red color develops, add 
H2SO4 solution dropwise to just discharge the color.   

13. Add 1 mL of H2SO4 solution and either 0.4 g solid (NH4)2S2O8 or 0.5 g solid K2S2O8 to each 
flask. 

14. Heat for 30 minutes in the autoclave. 
15. Allow the samples to cool, then add 1 drop of phenolphthalein indicator solution, and neutralize 

to a faint pink color with 1N NaOH.   
16. Quantitatively transfer each sample to a corresponding 100 mL volumetric flask and make up to 

the mark with distilled water.   
17. A precipitate may form in some samples.  Shake well before taking an aliquot from the flask.  

This precipitate will usually re-dissolve under the acidic conditions of the colorimetric reactive 
phosphorus test. 

18. If not previously prepared, 5N H2SO4 must be made.  In a 600 mL beaker add 300 mL of 
deionized water.  Then add 70 mL of concentrated H2SO4.  Finally fill to 500 mL mark with 
deionized water.  
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19. If not previously prepared, the potassium antimonyl tartrate solution must be made.  Dissolve 
1.3715 g K(SbO)C4H4O6·½H2O in 400 mL distilled water in a 500 mL volumetric flask and dilute 
to volume.  Make sure to store it in a glass-stoppered bottle that has never been washed with soap. 

Appendix E:  Lab Procedures - Merrimack College Environmental Analysis Laboratory 
(Determination of Total Phosphorus Continued) 

 
20. If not previously prepared, ammonium molybdate solution must be made.  Dissolve 20 g 

(NH4)6Mo7O24·4H2O in 500 mL distilled water.  Store in a glass-stoppered bottle that has never 
been washed with soap.  This solution will turn blue before the analysis if it is contaminated. 

21. If not previously prepared, 0.1 M Ascorbic Acid must be made.  Dissolve 1.76 g ascorbic acid in 
100 mL volumetric flask with distilled water.  This solution is stable for about 1 week and it must 
be refrigerated at 4°C.  

22. Next, the combined reagent must be prepared.  In an acid-washed glass-stoppered bottle add 50 
mL 5N H2SO4, 5 mL potassium antimonyl tartrate, 15 mL ammonium molybdate solution, and 30 
mL ascorbic acid solution.  Mix after the addition of each reagent.  Let all reagents reach room 
temperature before they are mixed and mix them in the order given.  If any turbidity forms in the 
combined reagent shake it well and let it stand for a few minutes until the turbidity disappears 
before proceeding.  The reagent is stable for 4 hours. 

23. Setup as many acid-washed 125 mL Erlenmeyer flasks as necessary and label them the same as 
before; one for a blank, one for each sample, one for each standard, and two more for each tenth 
sample which will be a duplicate and a QC sample. 

24. Turn on spectrophotometer and allow to warm-up for at least 15 minutes at 880 nm. 
25. Pipette 10.0 mL digested sample or standard from the 100 mL volumetric flask into the 

corresponding 125 mL Erlenmeyer flask.  For the blank use deionized water.  Add 1 drop (0.05 
mL) of phenolphthalein indicator.  If a red color develops, add 5N H2SO4 dropwise to just 
discharge the color. 

26. Pipette 2.0 mL of combined reagent into each flask and mix thoroughly. 
27. After 10 minutes but no longer than 30 minutes, read each sample on the spectrophotometer at 

880 nm.  Use the blank to “zero” the instrument. 
28. Should a sample be highly turbid or colored, the following steps should be taken; prepare a blank 

by adding all reagents except ascorbic acid and potassium antimonyl tartrate to the sample, read 
the sample blank, then subtract this sample blank from the absorbance of the original sample. 

29. Once all samples have been read, print out the absorbencies.  Prepare a calibration curve with 
concentration of P vs. absorbance using the standards.  Force the line through the origin.  Use this 
equation to calculate the concentration of each sample. 

30. The above concentration does not correct for the dilution of the sample.  Use the following 
equations to calculate the exact concentration of P in each sample; 

samplemL
volumefinalmLapproxinPmg

L
Pmg 1000)12.( ×

=  

31. The previous result must then be corrected for the 100 mL volumetric flask dilution.  Use the 
following proportion to determine the mg P in the 100 mL volumetric flask.  Solve for x.  

)(
1.0

)( flaskvolumetricIn
L
PmgxmethodiccolorimetrFrom

L
Pmg

=    

32. Since all of the remaining solution from the digestion was added to the 100 mL volumetric flask, 
all of the P from the original sample was added to the 100 mL flask.  Thus, the following is true.  
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Plug in x from above.  

L
aboveFromPmgxsampleoriginalofonconcentraiActual

L
Pmg

050.0
)()( =  

33. Convert mg P/L to µg P/L and record the results in the final report.  Be sure to put samples back 
into refrigerator and acid-wash all glassware used. 



 QAPP Project 2009-11/ARRa 604 
Revision Number: 3 

Revision Date: 6/29/2010 
Page 127 of 145 

 

 
 

 
 

127 

Appendix E:  Lab Procedures - Merrimack College Environmental Analysis Laboratory 
 
Determination of Chloride, Nitrite, Nitrate, Sulfate and Ortho-Phosphate using the DIONEX ICS-
90 Ion Chromatograph (Method 300.0) 
 
Merrimack College Environmental Analysis Laboratory 
2/1/2010 
 
1.0 SCOPE AND APPLICATION  

1.1  This method covers the determination of the following inorganic anions (Method A):  

• Chloride 
• Nitrate 
• Nitrite 
• Ortho-Phosphate-P 
• Sulfate 

 

1.2 The matrices applicable to each method are shown below:  
1.2.1 Drinking water, surface water, mixed domestic and industrial wastewaters, groundwater, reagent 

waters, solids (after extraction 11.7), leachates (when no acetic acid is used).  
1.2.2 Drinking water and reagent waters  
1.3 The single laboratory Method Detection Limit (MDL defined in Section 3.2) for the above analytes 

is listed in Tables 1A and 1B. The MDL for a specific matrix may differ from those listed, 
depending upon the nature of the sample.  

1.4. Method A is recommended for drinking and wastewaters. The multi-laboratory ranges tested for 
each anion are as follows:  

 

Analyte       mg/L  
Chloride   0.78 - 26.0 
Nitrate-N   0.42 - 14.0 
Nitrite-N   0.36 - 12.0 
Ortho-Phosphate-P  0.69 - 23.1 
Sulfate    2.85 - 95.0  
 

1.5 This method is recommended for use only by or under the supervision of analysts experienced in 
the use of ion chromatography and in the interpretation of the resulting ion chromatograms.  

1.6 When this method is used to analyze unfamiliar samples for any of the above anions, anion 
identification should be supported by the use of a fortified sample matrix covering the anions of 
interest. The fortification procedure is described in Section 11.6.  

1.7 Users of the method data should state the data-quality objectives prior to analysis. Users of the 
method must demonstrate the ability to generate acceptable results with this method, using the 
procedures described in Section 9.0.  
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Appendix E:  Lab Procedures - Merrimack College Environmental Analysis Laboratory 
(METHOD 300.0 Continued) 
 
2.0 SUMMARY OF METHOD  
 

2.1 A small volume of sample, typically 2-3 mL, is introduced into an ion chromatograph. The anions 
of interest are separated and measured, using a system comprised of a guard column, analytical 
column, suppressor device, and conductivity detector.  

2.2 An extraction procedure must be performed to use this method for solids (See Section 11.7).  
2.3 Limited performance-based method modifications may be acceptable provided they are fully 

documented and meet or exceed requirements expressed in Section 9.0, Quality Control.  
 
3.0 DEFINITIONS  
 

3.1 Calibration Blank (CB) -- A volume of reagent water fortified with the same matrix as the 
calibration standards, but without the analytes, internal standards, or surrogate analytes.  

3.2 Calibration Standard (CAL) -- A solution prepared from the primary dilution standard solution or 
stock standard solutions and the internal standards and surrogate analytes. The CAL solutions are 
used to calibrate the instrument response with respect to analyte concentration.  

3.3 Field Duplicates (FD) -- Two separate samples collected at the same time and placed under 
identical circumstances and treated exactly the same throughout field and laboratory procedures. 
Analyses of field duplicates indicate the precision associated with sample collection, preservation 
and storage, as well as with laboratory procedures.  

3.4 Instrument Performance Check Solution (IPC) -- A solution of one or more method analytes, 
surrogates, internal standards, or other test substances used to evaluate the performance of the 
instrument system with respect to a defined set of criteria.  

3.5 Laboratory Fortified Blank (LFB) -- An aliquot of reagent water or other blank matrices to which 
known quantities of the method analytes are added in the laboratory. The LFB is analyzed exactly 
like a sample, and its purpose is to determine whether the methodology is in control, and whether 
the laboratory is capable of making accurate and precise measurements.  

3.6 Laboratory Fortified Sample Matrix (LFM) -- An aliquot of an environmental sample to which 
known quantities of the method analytes are added in the laboratory. The LFM is analyzed exactly 
like a sample, and its purpose is to determine whether the sample matrix contributes bias to the 
analytical results. The background concentrations of the analytes in the sample matrix must be 
determined in a separate aliquot and the measured values in the LFM corrected for background 
concentrations.  

3.7 Laboratory Reagent Blank (LRB) -- An aliquot of reagent water or other blank matrices that are 
treated exactly as a sample including exposure to all glassware, equipment, solvents, reagents, 
internal standards, and surrogates that are used with other samples. The LRB is used to determine if 
method analytes or other interferences are present in the laboratory environment, the reagents, or 
the apparatus.  

3.8 Linear Calibration Range (LCR) -- The concentration range over which the instrument response 
is linear.  

3.9 Material Safety Data Sheet (MSDS) -- Written information provided by vendors concerning a 
chemical's toxicity, health hazards, physical properties, fire, and reactivity data including storage, 
spill, and handling precautions.  
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3.10 Method Detection Limit (MDL) -- The minimum concentration of an analyte that can be 

identified, measured and reported with 99% confidence that the analyte concentration is greater 
than zero.   

3.11 Quality Control Sample (QCS) -- A solution of method analytes of known concentrations that is 
used to fortify an aliquot of LRB or sample matrix. The QCS is obtained from a source external to 
the laboratory and different from the source of calibration standards. It is used to check laboratory 
performance with externally prepared test materials.  

3.12 Stock Standard Solution (SSS) -- A concentrated solution containing one or more method 
analytes prepared in the laboratory using assayed reference materials or purchased from a reputable 
commercial source.  

 
4.0 INTERFERENCES  
 

4.1 Interferences can be caused by substances with retention times that are similar to and overlap those 
of the anion of interest. Large amounts of an anion can interfere with the peak resolution of an 
adjacent anion. Sample dilution and/or fortification can be used to solve most interference problems 
associated with retention times.  

4.2 The water dip or negative peak that elutes near, and can interfere with, the fluoride peak can usually 
be eliminated by the addition of the equivalent of 1 mL of concentrated eluent (7.3 100X) to l00 
mL of each standard and sample.  

4.3 Method interferences may be caused by contaminants in the reagent water, reagents, glassware, and 
other sample processing apparatus that lead to discrete artifacts or elevated baseline in ion 
chromatograms.  

4.4 Samples that contain particles larger than 0.45 microns and reagent solutions that contain particles 
larger than 0.20 microns require filtration to prevent damage to instrument columns and flow 
systems.  

4.5 Any anion that is not retained by the column or only slightly retained will elute in the area of 
fluoride and interfere. Known coelution is caused by carbonate and other small organic anions. At 
concentrations of fluoride above 1.5 mg/L, this interference may not be significant, however, it is 
the responsibility of the user to generate precision and accuracy information in each sample matrix.  

4.6 The acetate anion elutes early during the chromatographic run. The retention times of the anions 
also seem to differ when large amounts of acetate are present. Therefore, this method is not 
recommended for leachates of solid samples when acetic acid is used for pH adjustment.  

4.7 The quantifying of unretained peaks should be avoided, such as low molecular weight organic acids 
(formate, acetate, propionate etc.) which are conductive and coelute with or near fluoride and would 
bias the fluoride quantifying in some drinking and most waste waters.  

4.8 Any residual chlorine dioxide present in the sample will result in the formation of additional 
chlorite prior to analysis. If any concentration of chlorine dioxide is suspected in the sample purge 
the sample with an inert gas (argon or nitrogen) for about five minutes or until no chlorine dioxide 
remains.  
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5.0 SAFETY  
5.1 The toxicity or carcinogenicity of each reagent used in this method have not been fully established. 

Each chemical should be regarded as a potential health hazard and exposure should be as low as 
reasonably achievable. Cautions are included for known extremely hazardous materials or 
procedures.  

5.2 Each laboratory is responsible for maintaining a current awareness file of OSHA regulations 
regarding the safe handling of the chemicals specified in this method. A reference file of Material 
Safety Data Sheets (MSDS) should be made available to all personnel involved in the chemical 
analysis. The preparation of a formal safety plan is also advisable.  

5.3 The following chemicals have the potential to be highly toxic or hazardous, consult MSDS.  
5.3.1 Sulfuric acid (Section 7.4)  
 
6.0 EQUIPMENT AND SUPPLIES  
6.1 Balance -- Analytical, capable of accurately weighing to the nearest 0.000l g.  
6.2 Ion chromatograph -- Analytical system complete with ion chromatograph and all required 

accessories including syringes, analytical columns, compressed gasses and detectors.  
6.2.1 Anion guard column: A protector of the separator column. If omitted from the system the retention 

times will be shorter. Usually packed with a substrate the same as that in the separator column.  
6.2.2 Anion separator column: This column produces the separation shown in Figures 1 and 2.  
6.2.2.1 Anion analytical column (Method A): The separation shown in Figure 1 was generated using a 

Dionex AS4A column (P/N 37041). An optional column may be used if comparable resolution of 
peaks is obtained, and the requirements of Section 9.2 can be met.  

6.2.3 Anion suppressor device: The data presented in this method were generated using a Dionex anion 
micro membrane suppressor (P/N 37106).  

6.2.4 Detector -- Conductivity cell: Approximately 1.25 µL internal volume, (Dionex, or equivalent) 
capable of providing data as required in Section 9.2.   

 
7.0 REAGENTS AND STANDARDS  
 

7.1 Sample bottles: Glass or polyethylene of sufficient volume to allow replicate analyses of anions of 
interest.  

7.2 Reagent water: Distilled or deionized water, free of the anions of interest. Water should contain 
particles no larger than 0.20 microns.  

7.3 Eluent solution (Method A): Sodium bicarbonate 1.7 mM; sodium carbonate 1.8 mM. 
Dissolve 0.2856 g sodium bicarbonate (NaHCO2) and 0.3816 g of sodium carbonate 
(NaCO3) in reagent water (Sec 7.2) O and dilute to 2 L.  

7.4 Regeneration solution (micro membrane suppressor): Sulfuric acid (CASRN-7664-93-9) 0.025N. 
Dilute 2.8 mL conc. sulfuric acid (H2SO4) to 4 L with reagent water.  

7.5 Stock standard solutions, l000 mg/L (1 mg/mL): Stock standard solutions may be purchased as 
certified solutions or prepared from ACS reagent grade materials (dried at 105°C for 30 minutes) as 
listed below.  

7.5.2 Chloride (Cl) l000 mg/L:  Dissolve 1.6485 g sodium chloride (NaCl) in reagent water, dilute to 1L  
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7.5.4 Nitrate (NO3-N) 1000 mg/L: Dissolve 6.0679 g sodium nitrate (NaNO) in reagent water, dilute to 

1L  
7.5.5 Nitrite (NO -N) 1000 mg/L:  Dissolve 4.9257 g sodium nitrite (NaNO) in reagent water, dilute to 

1L 
7.5.6 Phosphate (PO4-P) 1000 mg/L: Dissolve 4.3937 g potassium phosphate (KHPO4) in reagent water, 

dilute to 1L  
7.5.7 Sulfate (SO4) 1000 mg/L: Dissolve 1.8141 g potassium sulfate (K2SO4) in reagent water, dilute to 

1L 
 
Note: Stability of standards: Stock standards (7.5) are stable for at least one month when stored at 4°C. 
Except for the chlorite standard which is only stable for two weeks. Dilute working standards should be 
prepared weekly, except those that contain nitrite and phosphate should be prepared fresh daily.  

8.0 SAMPLE  PRESERVATION AND STORAGE  

8.1 Sample preservation and holding times for the anions that can be determined by this method are 
noted in Table B2.1 of the QAPP.  

8.2 The method of preservation and the holding time for samples analyzed by this method are 
determined by the anions of interest. In a given sample, the anion that requires the most 
preservation treatment and the shortest holding time will determine the preservation treatment. It is 
recommended that all samples be cooled to 4°C and held for no longer than 28 days.  

9.0 QUALITY CONTROL  

9.1 Each laboratory using this method is required to operate a formal quality control (QC) program. 
The minimum requirements of this program consist of an initial demonstration of laboratory 
capability, and the periodic analysis of laboratory reagent blanks, fortified blanks and other 
laboratory solutions as a continuing check on performance. The laboratory is required to maintain 
performance records that define the quality of the data that are generated.  

9.2 INITIAL DEMONSTRATION OF PERFORMANCE  
9.2.1 The initial demonstration of performance is used to characterize instrument performance 

(determination of LCRs and analysis of QCS) and laboratory performance (determination of MDLs) 
prior to performing analyses by this method.  

9.2.2 Linear Calibration Range (LCR) -- The LCR must be determined initially and verified every six 
months or whenever a significant change in instrument response is observed or expected. The initial 
demonstration of linearity must use sufficient standards to insure that the resulting curve is linear. 
The verification of linearity must use a minimum of a blank and three standards. If any verification 
data exceeds the initial values by ±10%, linearity must be reestablished. If any portion of the range 
is shown to be nonlinear, sufficient standards must be used to clearly define the nonlinear portion.  

9.2.3 Quality Control Sample (QCS) -- When beginning the use of this method, on a quarterly basis or as 
required to meet data-quality needs, verify the calibration standards and acceptable instrument 
performance with the preparation and analyses of a QCS. If the determined concentrations are not 
within ±10% of the stated values, performance of the determinative step of the method is 
unacceptable. The source of the problem must be identified and corrected before either proceeding 
with the initial determination of MDLs or continuing with on-going analyses.  
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9.2.4 Method Detection Limit (MDL) -- MDLs must be established for all analytes, using reagent water 

(blank) fortified at a concentration of two to three times the estimated instrument detection limit.
(6) 

To determine MDL values, take seven replicate aliquots of the fortified reagent water and process 
through the entire analytical method. Perform all calculations defined in the method and report the 
concentration values in the appropriate units. Calculate the MDL as follows:  

 
 

where, t = Student's t value for a 99% confidence level and a standard deviation estimate with 
n-1 degrees of freedom [t= 3.14 for seven replicates]  

S = standard deviation of the replicate analyses  

MDLs should be determined every six months, when a new operator begins work or 
whenever there is a significant change in the background or instrument response.  

9.3  ASSESSING LABORATORY PERFORMANCE  
9.3.1 Laboratory Reagent Blank (LRB) -- The laboratory must analyze at least one LRB with each batch 

of samples. Data produced are used to assess contamination from the laboratory environment. 
Values that exceed the MDL indicate laboratory or reagent contamination should be suspected and 
corrective actions must be taken before continuing the analysis.  

9.3.2 Laboratory Fortified Blank (LFB) -- The laboratory must analyze at least one LFB with each batch 
of samples. Calculate accuracy as percent recovery (Section 9.4.2). If the recovery of any analyte 
falls outside the required control limits of 90-110%, that analyte is judged out of control, and the 
source of the problem should be identified and resolved before continuing analyses.   

9.3.3 Instrument Performance Check Solution (IPC) -- For all determinations the laboratory must analyze 
the IPC (a mid-range check standard) and a calibration blank immediately following daily 
calibration, after every tenth sample and at the end of the sample run. Analysis of the IPC solution 
and calibration blank immediately following calibration must verify that the instrument is within 
±10% of calibration. Subsequent analyses of the IPC solution must verify the calibration is still 
within ±10%. If the calibration cannot be verified within the specified limits, reanalyze the IPC 
solution. If the second analysis of the IPC solution confirms calibration to be outside the limits, 
sample analysis must be discontinued, the cause determined and/or in the case of drift, the 
instrument recalibrated. All samples following the last acceptable IPC solution must be reanalyzed. 
The analysis data of the calibration blank and IPC solution must be kept on file with the sample 
analyses data.  

9.4 ASSESSING ANALYTE RECOVERY AND DATA QUALITY  
9.4.1 Laboratory Fortified Sample Matrix (LFM) -- The laboratory must add a known amount of analyte 

to a minimum of 10% of the routine samples. In each case the LFM aliquot must be a duplicate of 
the aliquot used for sample analysis. The analyte concentration must be high enough to be detected 
above the original sample and should not be less than four times the MDL. The added analyte 
concentration should be the same as that used in the laboratory fortified blank.  

9.4.1.1 If the concentration of fortification is less than 25% of the background concentration of the matrix 
the matrix recovery should not be calculated.  
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9.4.2 Calculate the percent recovery for each analyte, corrected for concentrations measured in the 

unfortified sample, and compare these values to the designated LFM recovery range 90-110%. 
Percent recovery may be calculated using the following equation:   

 

 
 

where, R = percent recovery Cs = fortified sample concentration  
C = sample background concentration s = concentration equivalent of analyte added to sample  
 
9.4.3 Until sufficient data becomes available (usually a minimum of 20-30 analysis), assess laboratory 

performance against recovery limits for Method A of 80-120%. When sufficient internal 
performance data becomes available develop control limits from percent mean recovery and the 
standard deviation of the mean recovery.  

9.4.4 If the recovery of any analyte falls outside the designated LFM recovery range and the laboratory 
performance for that analyte is shown to be in control (Section 9.3), the recovery problem 
encountered with the LFM is judged to be either matrix or solution related, not system related.  

9.4.5 Where reference materials are available, they should be analyzed to provide additional performance 
data. The analysis of reference samples is a valuable tool for demonstrating the ability to perform 
the method acceptably.  

9.4.6 In recognition of the rapid advances occurring in chromatography, the analyst is permitted certain 
options, such as the use of different columns and/or eluents, to improve the separations or lower the 
cost of measurements. Each time such modifications to the method are made, the analyst is required 
to repeat the procedure in Section 9.2.  

9.4.7 It is recommended that the laboratory adopt additional quality assurance practices for use with this 
method. The specific practices that are most productive depend upon the needs of the laboratory 
and the nature of the samples. Field duplicates may be analyzed to monitor the precision of the 
sampling technique. When doubt exists over the identification of a peak in the chromatogram, 
confirmatory techniques such as sample dilution and fortification, must be used. Whenever 
possible, the laboratory should perform analysis of quality control check samples and participate in 
relevant performance evaluation sample studies.  

9.4.8 At least quarterly, replicates of LFBs should be analyzed to determine the precision of the 
laboratory measurements. Add these results to the on-going control charts to document data quality.  

9.4.9 When using Part B, the analyst should be aware of the purity of the reagents used to prepare 
standards. Allowances must be made when the solid materials are less than 99% pure.  
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10.0 CALIBRATION AND STANDARDIZATION  

10.1 Establish ion chromatographic operating parameters.  
10.2 For each analyte of interest, prepare calibration standards at a minimum of three concentration 

levels and a blank by adding accurately measured volumes of one or more stock standards (Section 
7.5) to a volumetric flask and diluting to volume with reagent water. If a sample analyte 
concentration exceeds the calibration range the sample may be diluted to fall within the range. If 
this is not possible then three new calibration concentrations must be chosen, two of which must 
bracket the concentration of the sample analyte of interest. Each attenuation range of the instrument 
used to analyze a sample must be calibrated individually.  

10.3 Using injections of 0.1-1.0 mL (determined by injection loop volume) of each calibration standard, 
tabulate peak height or area responses against the concentration. The results are used to prepare a 
calibration curve for each analyte. During this procedure, retention times must be recorded.  

10.4 The calibration curve must be verified on each working day, or whenever the anion eluent is 
changed, and after every 20 samples. If the response or retention time for any analyte varies from 
the expected values by more than ±10%, the test must be repeated, using fresh calibration standards. 
If the results are still more than ±10%, a new calibration curve must be prepared for that analyte.  

10.5 Nonlinear response can result when the separator column capacity is exceeded (overloading). The 
response of the detector to the sample when diluted 1:1, and when not diluted, should be compared. 
If the calculated responses are the same, samples of this total anionic concentration need not be 
diluted.  

 
11.0 PROCEDURE  

11.1 Follow the recommended operating conditions for the ion chromatograph.  
11.2 Check system calibration daily and, if required, recalibrate as described in Section 10.0.  
11.3 Load and inject a fixed amount of well mixed sample. Flush injection loop thoroughly, using each 

new sample. Use the same size loop for standards and samples. Record the resulting peak size in 
area or peak height units. An automated constant volume injection system may also be used.  

11.4 The width of the retention time window used to make identifications should be based upon 
measurements of actual retention time variations of standards over the course of a day. Three times 
the standard deviation of a retention time can be used to calculate a suggested window size for each 
analyte. However, the experience of the analyst should weigh heavily in the interpretation of 
chromatograms.  

11.5 If the response for the peak exceeds the working range of the system, dilute the sample with an 
appropriate amount of reagent water and reanalyze.  

11.6 If the resulting chromatogram fails to produce adequate resolution, or if identification of specific 
anions is questionable, fortify the sample with an appropriate amount of standard and reanalyze.  

 
Note: Retention time is inversely proportional to concentration. Nitrate and sulfate exhibit the greatest 
amount of change, although all anions are affected to some degree. In some cases this peak migration 
may produce poor resolution or identification.  
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11.7 The following extraction should be used for solid materials. Add an amount of reagent water equal 

to 10 times the weight of dry solid material taken as a sample. This slurry is mixed for 10 minutes 
using a magnetic stirring device. Filter the resulting slurry before injecting using a 0.45 µ 
membrane type filter. This can be the type that attaches directly to the end of the syringe. Care 
should be taken to show that good recovery and identification of peaks is obtained with the user's 
matrix through the use of fortified samples.  

11.8 Should more complete resolution be needed between peaks the eluent (7.3) can be diluted. This will 
spread out the run but will also cause the later eluting anions to be retained longer. The analyst must 
determine to what extent the eluent is diluted. This dilution should not be considered a deviation 
from the method.  

 
12.0 DATA ANALYSIS AND CALCULATIONS  

12.1 Prepare a calibration curve for each analyte by plotting instrument response against standard 
concentration. Compute sample concentration by comparing sample response with the standard 
curve. Multiply answer by appropriate dilution factor.  

12.2 Report only those values that fall between the lowest and the highest calibration standards. Samples 
exceeding the highest standard should be diluted and reanalyzed.  

12.3 Report results in mg/L.  
12.4 Report NO2 and HPO4 as P 

 
13.0 POLLUTION PREVENTION  
 

13.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity or toxicity 
of waste at the point of generation. Numerous opportunities for pollution prevention exist in 
laboratory operation. The EPA has established a preferred hierarchy of environmental management 
techniques that places pollution prevention as the management option of first choice. Whenever 
feasible, laboratory personnel should use pollution prevention techniques to address their waste 
generation. When wastes cannot be feasibly reduced at the source, the Agency recommends 
recycling as the next best option.  

13.2 Quantity of the chemicals purchased should be based on expected usage during its shelf life and 
disposal cost of unused material. Actual reagent preparation volumes should reflect anticipated 
usage and reagent stability.  

13.3 For information about pollution prevention that may be applicable to laboratories and research 
institutions, consult "Less is Better: Laboratory Chemical Management for Waste Reduction," 
available from the American Chemical Society's Department of Government Regulations and 
Science Policy, 1155 16th Street N.W., Washington, D.C. 20036, (202) 872-4477.  
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14.0 WASTE MANAGEMENT  
 

14.1 The Environmental Protection Agency requires that laboratory waste management practices be 
conducted consistent with all applicable rules and regulations. Excess reagents, samples and method 
process wastes should be characterized and disposed of in an acceptable manner. The Agency urges 
laboratories to protect the air, water, and land by minimizing and controlling all releases from 
hoods and bench operations, complying with the letter and spirit of any waste discharge permit and 
regulations, and by complying with all solid and hazardous waste regulations, particularly the 
hazardous waste identification rules and land disposal restrictions. For further information on waste 
management consult the "Waste Management Manual for Laboratory Personnel", available from 
the American Chemical Society at the address listed in Section 14.3.  

 
15.0 TABLES, DIAGRAMS, FLOWCHARTS AND VALIDATION DATA  

TABLE 1A. CHROMATOGRAPHIC CONDITIONS AND  
DETECTION LIMITS IN REAGENT WATER (PART A) 

Analyte  Peak # Retention Time - min MDL - mg/L 

Fluoride  1  1.2  0.01 
Chloride  2  1.7  0.02 
Nitrite-N  3  2.0  0.004 
Bromide  4  2.9  0.01 
Nitrate-N  5  3.2  0.002 
o-Phosphate-P  6  5.4  0.003 
Sulfate  7  6.9  0.02 
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Determination of Chloride, Nitrite, Nitrate, Sulfate and Ortho-Phosphate using the 
DIONEX ICS-90 Ion Chromatograph 

 
1. The paperwork, such as chain-of-custody, for samples that are acceptable for analysis must first 

be completed. 
2. Acceptable samples are samples just arriving from the sampling site or samples that have been 

labeled, refrigerated, and have not exceeded the holding time. 
3. Frozen samples should be allowed time to thaw and analyzed as soon as possible. 
4. Log onto computer 
5. Turn on the Helium gas; Use the large grayish-color valve and NOT the black valve 
6. Click on the “Chromeleon” icon on the desktop 
7. Go to ‘Control Panel’ and double-click on ICS-90controlpanel.pan 
8. Click “On” for the pump (look in pump box – pump light turns blue when on) 
9. Allow to run for 35 to 45 minutes to condition the membrane 
10. Make 3 standards using the 7 anion solution – dilute as needed with deionized water; for total 

phosphorus dilutions of 1:200, 1:500, and 1:1000 are recommended; a 0.5 mg/L standard for 
phosphorus is also available 

11. Go to the ‘Window’ tab (on top) and go to ‘Browser’ 
12. Go to Date file Ipswich next run and then drag the default into the date file given in the mm/dd/yy 

form.  Click on ‘Copy’.  The samples will then come up on the screen. 
13. Rename and reclassify samples by clicking on the ‘Name or Type’ tab; Be sure to put samples in 

the order that they are to be run; make sure the ‘Status’ is ‘Single’. 
14. Go to the ‘Batch’ menu, click on ‘Start’, click on ‘Ready Check’, click ‘Yes’, and click to save. 
15. Before every injection flush the syringe three times with the sample.  Fill the syringe to 0.5 mL 

and inject to 0.1 mL.  DO NOT inject the entire syringe.  Click ‘Yes’ to run the sample.  Each run 
takes a little over 15 minutes.  Repeat this procedure for all standards and samples. 

16. After the runs have completed, go to the date/month/year folder and click to add the calibration 
curve.   

17. Open the file ‘As14qnt’ and double-click on ‘Standards for Anion’ and do the math to figure out 
the standard amount.  Enter the calculated value and save the data.   

18. Print each run.  Select to print the integration data ONLY.  
19. When all analysis is done, go to ‘Control Panel’ and shut off the pump; Exit “Chromeleon”. 
20. DO NOT FORGET to shut off the large grayish-color valve on the Helium cylinder. 
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Appendix E:  Lab Procedure - Merrimack College Environmental Analysis Laboratory 
Turbidity SOP – EPA Method 180.1 
 
1.0 Scope and Application  
1.1 This method is applicable to drinking, surface, and saline waters in the range of turbidity from 0 

to 40 nephelometric turbidity units (NTU). Higher values may be obtained with dilution. 
2.0 Summary of Method  
2.1 The method is based upon a comparison of the intensity of light scattered by the sample under 

defined conditions with the intensity of light scattered by a standard reference suspension. The 
higher the intensity of scattered light, the higher the turbidity. Readings, in NTUs, are made in a 
nephelometer designed according to specifications outlined in Apparatus. A standard suspension of 
Formazin, prepared under closely defined conditions, is used to calibrate the instrument.  

2.1.1 Formazin polymer is used as the turbidity reference suspension for water because it is more 
reproducible than other types of standards previously used for turbidity standards.  

 

3.0 Sample Handling and Preservation  
3.1 Preservation of the sample is not practical; analysis should begin as soon as possible. Refrigeration 

or icing to 4°C, to minimize microbiological decomposition of solids, is recommended.  
 

4.0 Interferences  
4.1 The presence of floating debris and coarse sediments which settle out rapidly will give low 

readings. Finely divided air bubbles will affect the results in a positive manner.  
4.2 The presence of true color, that is the color of water which is due to dissolved substances which 

absorb light, will cause turbidities to be low, although this effect is generally not significant with 
finished waters.  

 

5.0 Apparatus  
5.1 The turbidimeter shall consist of a nephelometer with light source for illuminating the sample and 

one or more photo-electric detectors with a readout device to indicate the intensity of light scattered 
at right angles to the path of the incident light. Little stray light reaches the detector in the absence 
of turbidity and should be free from significant drift after a short warm-up period.  

5.2 The sensitivity of the instrument should permit detection of a turbidity difference of 0.02 NTU or 
less in waters having turbidities less than 1 NTU. The instrument should measure from 0 to 200 
units turbidity. Several ranges will be necessary to obtain both adequate coverage and sufficient 
sensitivity for low turbidities.  

5.3 The sample tubes to be used with the available instrument must be of clear, colorless glass. They 
should be kept scrupulously clean, both inside and out, and discarded when they become scratched 
or etched. They must not be handled at all where the light strikes them, but should be provided with 
sufficient extra length, or with a protective case, so that they may be handled.  

5.4 Differences in physical design of turbidimeters will cause differences in measured values for 
turbidity even though the same suspension is used for calibration. To minimize such differences, 
the following design criteria should be observed:  

5.4.1 Light source: Tungsten lamp operated at a color temperature between 2200-3000 °K.  
5.4.2 Distance traversed by incident light and scattered light within the sample tube: Total not to exceed 

10 cm.  
5.4.3 Detector: Centered at 90° to the incident light path and not to exceed ± 30°C from 90°C. The 

Detector, and filter system if used, shall have a spectral peak response between 400 and 600 nm.  
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(Turbidity SOP – EPA Method 180.1 Continued) 
 
5.5 The Hach Turbidimeter, Model 2100 and 2100 A, is in wide use and has been found to be reliable; 

however, other instruments meeting the above design criteria are acceptable.  
 

6.0 Reagents  
6.1 Hach turbidity standards are available ranging from 0 to 1,000 NTUs  
6.4 The AMCO-AEPA-1 standard as supplied requires no preparation or dilution prior to use.  
 

7.0 Procedure  
7.1 Turbidimeter calibration: The manufacturer's operating instructions should be followed. Measure 

standards on the turbidimeter covering the range of interest. If the instrument is already calibrated 
in standard turbidity units, this procedure will check the accuracy of the calibration scales. At least 
one standard should be run in each instrument range to be used.  

7.2 Turbidities less than 40 units: Shake the sample to thoroughly sample into the turbidimeter tube. 
Read the turbidity directly from the instrument scale or from the appropriate calibration curve.  

7.3 Turbidities exceeding 40 units: Dilute the sample with one or more volumes of turbidity-free water 
until the turbidity falls below 40 units. The turbidity of the original sample is then computed from 
the turbidity of the diluted sample and the dilution factor. For example, if 5 volumes of turbidity-
free water were added to 1 volume of sample, and the diluted sample showed a turbidity of 30 units, 
then the turbidity of the original sample was 180 units.  

7.3.1 The Hach Turbidimeters, Models 2100 and 2100A, are equipped with 5 separate scales: 0-0.2, 0-
1.0, 0-100, and 0-1000 NTU. The upper scales are to be used only as indicators of required dilution 
volumes to reduce readings to less than 40 NTU. NOTE 2: Comparative work performed in the 
MDQAR Laboratory indicates a progressive error on sample turbidities in excess of 40 units.  

 

8.0 Calculation  
8.1 Multiply sample readings by appropriate dilution to obtain final reading.  Report results as follows:  
 

   NTU             Record to Nearest: 
  0.0 - 1.0 0.05  
 1 -10 0.1 
 10 -40 1  
 40 – 100 5  
 100 – 400 10  
 400 – 1000 50  
 > 1000 100  
 

9.0 Precision and Accuracy  
9.1 In a single laboratory (EMSL), using surface water samples at levels of 26, 41, 75 and 180 NTU, 

the standard deviations were ± 0.60, ± 0.94, ±1.2 and ±4.7 units, respectively.  
9.2 Accuracy data are not available at this time.  
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Appendix E:  Lab Procedure - Merrimack College Environmental Analysis Laboratory  
Apparent Color SOP 
 
Procedure using the Hach CO-1 Color Wheel Kit 
 

1. Place the lengthwise viewing adapter in the comparator as shown in Figure 1. 

2. Fill one sample tube 1730-00) to the fill line with the sample. This will be approximately 15 mL. 

3. Place the tube containing the water sample into the comparator opening labeled Prepared Sample 
Position in Figure 1 below. 

4. Fill the other sample tube with colorless water to the fill line. Insert this tube into the comparator 
opening labeled Clear Sample Position in Figure 1. 

5. Hold the comparator with the tube tops pointing to a window or light source as in Figure 2. View 
through the openings in the front of the comparator. When viewing, use care to not spill samples from 
un-stoppered tubes. 

6. Rotate the disc until a color match is obtained. The reading obtained through the scale window is the 
apparent color in APHA Platinum Cobalt Units. 

 

 
 
 
HACH COMPANY, P.O. BOX 389. LOVELAND, COLORADO 80539 
TELEPHONE: WITHIN U.S. 800-227-4224, 



 QAPP Project 2009-11/ARRa 604 
Revision Number: 3 

Revision Date: 6/29/2010 
Page 141 of 145 

 

 
  

 
141 

Appendix E:  Lab Procedure - Merrimack College Environmental Analysis Laboratory  
Sediment Particle Size Distribution Analysis 
 
Based on: 
 
Kettler, T.A., J. W. Doran, and T. L. Gilbert. 2001. Simplified Method for Soil Particle-Size 

Determination to Accompany Soil-Quality Analyses.  Soil Science Society of America Journal 65: 
849-852. 

 
Procedure 
 

1. Use a 15 g sediment sample from sediment collected in the field. 
2. Soil-particle dispersion is accomplished by adding hexametaphosphate (HMP), at an aqueous 

concentration of 3.0% by weight 
3. Shaking the soil sample (<2 mm) for 2 hours on a reciprocating shaker at 120 reciprications per 

minute in a container with the HMP added. 
4. After dispersion, the soil slurry is sieved through nested standard 0.053-mm mesh (no. 270) 

sieves to separate sand particles 
5. During sand-particle separation, the solution and particles (silt and clay) passing the sieve are 

collected in a 600-or 800-mL beaker.  
6. This solution is stirred thoroughly to achieve suspension of all soil particles. While stirring, a 45-

mL subsample is collected from the suspension using a 60-mL syringe and transferred to a 50-mL 
centrifuge tube. The subsample is shaken vigorously (capped tightly) and then left undisturbed at 
room temperature (18–24oC) with a vertical orientation for at least 90 min but less than 6 h to 
allow silt particles to settle.  

7. After the sedimentation period, the solution containing the suspended clay is decanted into a pre-
weighed drying pan. The settled silt particles are then rinsed into another pre-weighed drying pan, 
and both are dried at 105oC for 8 hours 

8. The soil %Sand and %Silt are calculated based on their fraction of the original sample mass. 
9. The collected sand particles (0.053 mm) are dried at 55oC to constant weight 
10. The sand percentage is based on its fraction of the original sample mass and can be calculated 

using the mass of sand after 55oC.  
11. The % clay is determined by calculating the difference of 100% minus the sum of the %Sand and 

% Silt. 
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Appendix E:  Lab Procedure - Merrimack College Environmental Analysis Laboratory  
TSS LABORATORY DATA SHEET 

 
Stormwater Remediation in the Upper Ipswich Watershed Project 2009-11/ARRA 604 

 
Date _______________________   Lab Assistant(s)  ____________________________ 
 
Scale Name. _____________________  NIST Calibration Date _______________________ 

 
1 2 3 4 5 6 8 9 

Outfall 
ID 

Pan 
# 

Weight after 
Drying 24 

Hours 104oC 
Before 

Filtration 
grams 

 

 Volume 
Filtered 

ml 

  Date/Time 
Placed in 

Drying Oven 
 

date: mm/dd/yy 
Time: 24:00 

Weight 
after 

Filtration 
and 

Drying at 
104oC 1 

Date/Time 
Placed in Muffle 

Furnace 
 

date: mm/dd/yy 
Time: 24:00 

Weight 
after 

Drying in 
Muffle 

Furnace 2 
grams 

 Date Time  Date Time  
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
Lab 
Blank3 

         

 
1 Drying period must be 24 hours from time placed in the drying oven 
2 Drying period must be 24 hours from time placed in the muffle furnace 
3 Lab Blank is 1 L of deionized water
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Appendix F: 303D List 

 

Massachusetts Category 5 Waters* 
“Waters Requiring a TMDL” 

 

IPSWICH RIVER WATERSHED 

NAME SEGMENT ID  DESCRIPTION  SIZE 

 

POLLUTANT NEEDING TMDL [EPA 
APPROVAL DATE/DOCUMENT 
CONTROL NUMBER]  

Devils Dishfull Pond 
(92015)  

MA92015_2004  Peabody  14.3 acres -Nutrients  
-Organic enrichment/Low DO  
-Noxious aquatic plants  
-Turbidity  
-(Exotic species*)  

Frye Pond (92023)  MA92023_2004  Andover  7.3 acres -Noxious aquatic plants  
Hood Pond (92025)  MA92025_2004  Ipswich  67.4 acres -Metals  

Howlett Brook 
(9253750)  MA92-17_2004  

Headwaters north of Great Hill, 
Topsfield to confluence with 
Ipswich River, Topsfield.  

2.5 miles 
-Cause Unknown -Pathogens  

Ipswich River 
(9253500)  MA92-02_2004  

Ipswich Dam (formerly known as 
Sylvania Dam), Ipswich to mouth 
at Ipswich Bay, Ipswich.  

0.44 sq mi -Pathogens  

Ipswich River 
(9253500)  MA92-06_2004  

Source at confluence of Maple 
Meadow Brook and Lubbers 
Brook, Wilmington, to Salem 
Beverly Waterway Canal, 
Topsfield.  

20.4 miles 

-Nutrients 
-Organic enrichment/Low DO  
-(Flow alteration*)  

Ipswich River 
(9253500)  MA92-15_2004  

Salem Beverly Waterway Canal, 
Topsfield to Ipswich Dam 
(formerly known as Sylvania 
Dam), Ipswich.  

11.0 miles 

-Organic enrichment/Low DO  
-(Flo alteration*)  

Kimball Brook 
(9253625)  MA92-21_2004  

Headwaters, west of Scott Hill, 
Ipswich to confluence with 
Ipswich River, Ipswich.  

2.2 miles 
-Organic enrichment/Low DO  
-Pathogens  

Labor In Vain Creek 
(9253600)  MA92-22_2004  

South of Argilla Road, Ipswich to 
confluence with Ipswich River 
Estuary, Ipswich.  

0.03 sq mi 
-Organic enrichment/Low DO  
-Pathogens  

Lowe Pond (92034)  MA92034_2004  Boxford  35.8 acres -Metals  
-(Exotic species*)  

Martins Brook 
(9254000)  MA92-08_2004  

Outlet of Martins Pond, North 
Reading to the confluence with 
the Ipswich River, North 
Reading.  

4.6 miles 

-Organic enrichment/Low DO 
 -(Other habitat alterations*)  
-Pathogens  

Martins Pond 
(92038)  

MA92038_2004  North Reading  89.0 acres 
-Metals  
-Noxious aquatic plants 
-Turbidity  
-(Exotic species)* 

 
*From: Massachusetts Year 2004 Integrated List of Waters. 2004. Proposed listing of the condition of 
Massachusetts’ waters pursuant to Sections 303(d) and 305(b) of the Clean Water Act. Division of Watershed 
Management.
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Appendix G.   Surface Water Quality Standards 
 

314 CMR: DIVISION OF WATER POLLUTION CONTROL 
314 CMR 4.00: MASSACHUSETTS SURFACE WATER QUALITY STANDARDS 
 

Class B - These waters are designated as a habitat for fish, other aquatic life, and wildlife, and for primary and secondary 
contact recreation. Where designated they shall be suitable as a source of public water supply with appropriate treatment. 
They shall be suitable for irrigation and other agricultural uses and for compatible industrial cooling and process uses. 
These waters shall have consistently good aesthetic value. 
 

1. Dissolved Oxygen 
a. Shall not be less than 6.0 mg/l in cold water fisheries nor less than 5.0 mg/l in warmwater fisheries unless background 

conditions are lower; 
b. natural seasonal and daily variations above these levels shall be maintained; levels shall not be lowered below 75% of 

saturation in cold water fisheries nor 60% of saturation in warm water fisheries due to a discharge; and 
c. site-specific criteria may apply where background levels are lower than specified levels, to the hypolimnion of stratified lakes 

or where the Department determines that designated uses are not impaired. 
 

2. Temperature 
a. Shall not exceed 68°F (20°C) in cold water fisheries nor 83°F (28.3°C) in warm water fisheries, and the rise in temperature 

due to a discharge shall not exceed 3°F (1.7°C) in rivers and streams designated as cold water fisheries nor 5°F (2.8°C) in 
rivers and streams designated as warm water fisheries (based on the minimum expected flow for the month); in lakes and 
ponds the rise shall not exceed 3°F (1.7°C) in the epilimnion (based on the monthly average of maximum daily temperature); 
and 

b. natural seasonal and daily variations shall be maintained. There shall be no changes from background conditions that would 
impair any use assigned to this Class, including site-specific limits necessary to protect normal species diversity, successful 
migration, reproductive functions or growth of aquatic organisms. 

 
3. pH  

Shall be in the range of 6.5 through 8.3 standard units and not more than 0.5 units outside of the background range. There shall 
be no change from background conditions that would impair any use assigned to this Class. 

 

4. Fecal Coliform Bacteria  
Shall not exceed a geometric mean of 200 organisms per 100 ml in any representative set of samples nor shall more than 10% of 

the samples exceed 400 organisms per 100 ml. This criterion may be applied on a seasonal basis at the discretion of the 
Department. 

 

5. Solids 
These waters shall be free from floating, suspended and settleable solids in concentrations and combinations that would impair 

any use assigned to this Class, that would cause aesthetically objectionable conditions, or that would impair the benthic biota 
or degrade the chemical composition of the bottom. 

 

6. Color and Turbidity 
These waters shall be free from color and turbidity in concentrations or combinations that are aesthetically objectionable or 

would impair any use assigned to this Class. 
 

7. Oil and Grease 
These waters shall be free from oil, grease and petrochemicals that produce a visible film on the surface of the water, impart an 

oily taste to the water or an oily or other undesirable taste to the edible portions of aquatic life, coat the banks or bottom of the 
water course, or are deleterious or become toxic to aquatic life. 

 

8. Taste and Odor 
None in such concentrations or combinations that are aesthetically objectionable, that would impair any use assigned to this 

Class, or that would cause tainting or undesirable flavors in the edible portions of aquatic life. 
 

In addition, the Minimum Standards for Bathing Beaches established by the Massachusetts Department of Public 
Health (105CMR 445.10 ) which state that swimming and bathing are not permitted at public beaches when: (2b) A 
black disk, six inches in diameter, on a white field placed at a depth of at least 4 feet of water is not readily visible 
from the surface of the water; or when, under normal usage, such disk is not readily visible from the surface of the 
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water when placed on the bottom where the water depth is less than four feet. 
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Table G1.  Summary of Massachusetts Surface Water Quality Standards (MassDEP 2006, MA DPH 2002, FDA 2003). 
Dissolved Oxygen  Class A and Class B Cold Water Fishery (BCWF) and Class SA: ≥6.0 mg/L  

Class A and Class B Warm Water Fishery (BWWF) and Class SB: ≥5.0 mg/L   
Class C:  Not <5.0 mg/L at least 16 hours of any 24-hour period and not <3.0 mg/L at any time.  
Class SC:  Not <5.0 mg/L at least 16 hours of any 24-hour period and not <4.0 mg/L anytime.   
 
For all classes, where natural background conditions are lower than the criteria stated for each class, DO shall not be 
less than natural background conditions.  Natural seasonal and daily variations that are necessary to protect existing and 
designated uses shall also be maintained. 

Temperature Class A CWF:  <68°F (20°C) based on the mean of the daily maximum temperature over a seven day period in cold 
water fisheries, unless naturally occurring and ∆T due to a discharge <1.5°F (0.8°C).  
Class A WWF:  <83°F (28.3°C) and ∆T due to a discharge <1.5°F (0.8°C).  
Class BCWF:  <68°F (20°C) based on the mean of the daily maximum temperature over a seven day period in all cold 
water fisheries, unless naturally occurring, and ∆T due to a discharge <∆3°F (1.7°C) 
Class BWWF:  <83°F (28.3°C) and ∆T due to a discharge <5°F (2.8°C) in rivers (based on the minimum expected flow 
for the month) and ∆T due to a discharge <3°F (1.7°C) in the epilimnion (based on the monthly average of maximum 
daily temperatures) in lakes,  
Class C and Class SC:  <85°F (29.4°C) and ∆T due to a discharge <5°F (2.8°C)  
Class SA:  <85°F (29.4°C) nor a maximum daily mean of 80°F (26.7°C) and ∆T due to a discharge <1.5°F (0.8°C) 
Class SB:  <85°F (29.4°C) nor a maximum daily mean of 80°F (26.7°C) and ∆ T due to a discharge <1.5°F (0.8°C) 
between July and September and <4.0°F (2.2°C) between October and June. 
 
For all classes, natural seasonal and daily variations that are necessary to protect existing and designated uses shall 
be maintained.  There shall be no changes from natural background conditions that would impair any uses assigned 
to each class, including those conditions necessary to protect normal species diversity, successful migration, 
reproductive functions or growth of aquatic organisms. 
 
For CWF waters, where a reproducing cold water aquatic community exists at a naturally higher temperature, the 
temperature necessary to protect the community shall not be exceeded and natural daily and seasonal temperature 
fluctuations necessary to protect the community shall be maintained.  
 
Class B, C, SA, SB, and SC:  See MassDEP 2006 for language specific to alternative effluent limitations relating to 
thermal discharges and cooling water intake structures. 

 pH  Class A, Class BCWF and Class BWWF:  6.5 - 8.3 SU and ∆0.5 outside the natural background range. 
Class C:  6.5 - 9.0 SU and ∆1.0 outside the natural background range. 
Class SA and Class SB:  6.5 - 8.5 SU and ∆0.2 SU outside the natural background range. 
Class SC:  6.5 - 9.0 SU and ∆0.5 SU outside the natural background range. 
 
There shall be no change from natural background conditions that would impair any use assigned to each class. 

Solids All Classes:  These waters shall be free from floating, suspended, and settleable solids in concentrations or 
combinations that would impair any use assigned to each class, that would cause aesthetically objectionable conditions, 
or that would impair the benthic biota or degrade the chemical composition of the bottom. 

Color and Turbidity All Classes:  These waters shall be free from color and turbidity in concentrations or combinations that are 
aesthetically objectionable or would impair any use. 

Oil and Grease Class A and Class SA:  Waters shall be free from oil and grease, petrochemicals and other volatile or synthetic organic 
pollutants. 
Class SA:  Waters shall be free from oil and grease and petrochemicals.  
Class B, Class C, Class SB and Class SC:  Waters shall be free from oil, grease, and petrochemicals that produce a 
visible film on the surface of the water, impart an oily taste to the water or an oily or other undesirable taste to the 
edible portions of aquatic life, coat the banks or bottom of the water course, or are deleterious or become toxic to 
aquatic life. 
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Table G1.  Summary of Massachusetts Surface Water Quality Standards (MassDEP 2006, MA DPH 2002, FDA 2003). 
Taste and Odor Class A and Class SA:  None other than of natural origin. 

Class B, Class C, Class SB and Class SC:  None in such concentrations or combinations that are aesthetically 
objectionable, that would impair any use assigned to each class, or that would cause tainting or undesirable flavors in 
the edible portions of aquatic life. 

Aesthetics All Classes:  All surface waters shall be free from pollutants in concentrations or combinations that settle to form 
objectionable deposits; float as debris, scum or other matter to form nuisances; produce objectionable odor, color, taste 
or turbidity; or produce undesirable or nuisance species of aquatic life.   

Toxic Pollutants  All Classes:  All surface waters shall be free from pollutants in concentrations or combinations that are toxic to 
humans, aquatic life or wildlife.  For pollutants not otherwise listed in 314 CMR 4.00, the National Recommended 
Water Quality Criteria: 2002, EPA 822-R-02-047, November 2002 published by EPA pursuant to Section 304(a) of the 
Federal Water Pollution Control Act, are the allowable receiving water concentrations for the affected waters, unless 
the Department either establishes a site specific criterion or determines that naturally occurring background 
concentrations are higher. The Department shall use the water quality criteria for the protection of aquatic life 
expressed in terms of the dissolved fraction of metals when EPA’s 304(a) recommended criteria provide for use of 
the dissolved fraction (see Mass DEP 2006 for more detail regarding permit limits, conversion factors, site specific 
criteria). 

Nutrients Unless naturally occurring, all surface waters shall be free from nutrients in concentrations that would cause or 
contribute to impairment of existing or designated uses and shall not exceed the site specific criteria developed in a 
TMDL or as otherwise established by the Department pursuant to these Standards. 

Bacteria (MassDEP 
2006 and MA DPH 
2002) 
 
 
Class A criteria 
apply to the 
Drinking Water 
Use. 
 
Class B and SB 
criteria apply to 
Primary Contact 
Recreation Use 
while Class C and 
SC criteria apply to 
Secondary Contact 
Recreation Use. 

Class A:   
At water supply intakes in unfiltered public water supplies: either fecal coliform shall not exceed 20 organisms/100 
ml in all samples taken in any six month period, or total coliform shall not exceed 100 organisms/ 100 ml in 90% of 
the samples taken in any six month period. If both total and fecal coliform are measured, then only the fecal 
coliform criterion must be met. 
 
Class A other waters, Class B: 
Where E. coli is the chosen indicator at public bathing beaches as defined by MA DPH:  

The geometric mean of the five most recent E. coli samples taken within during the same bathing season shall not 
exceed 126 colonies/ 100 ml and no single sample taken during the bathing season shall exceed 235 colonies/ 100 
ml (these criteria may be applied on a seasonal basis at the Department’s discretion). 

Where Enterococci are the chosen indicators at public bathing beaches: 
The geometric mean of the five most recent samples taken during the same bathing season shall not exceed 33 
colonies /100 ml and no single Enterococci sample taken during the bathing season shall exceed 61 colonies /100 
ml. 
 

For other waters and, during the non bathing season, for waters at public bathing beaches: 
The geometric mean of all E. coli samples taken within the most recent six months shall not exceed 126 colonies/ 
100 ml typically based on a minimum of five samples and no single sample shall exceed 235 colonies/ 100 ml.  
These criteria may be applied on a seasonal basis at the Department’s discretion. 
 
The geometric mean of all Enterococci samples taken within the most recent six months shall not exceed 33 
colonies/ 100 ml typically based on a minimum of five samples and no single sample shall exceed 61 colonies/ 
100 ml.  These criteria may be applied on a seasonal basis at the Department’s discretion.  

Class C:  
The geometric mean of all E. coli samples taken within the most recent six months shall not exceed 630 E. coli/ 
100 ml, typically based on a minimum of five samples and 10% of such samples shall not exceed 1260 E. coli/ 
100 ml.  This criterion may be applied on a seasonal basis at the discretion of the Department.  

 
Class SA: 
Waters designated for shellfishing:   

Fecal coliform bacteria shall not exceed a geometric mean (Most Probable Number (MPN) method) of 14 
organisms/100 ml, nor shall more than 10% of the samples exceed an MPN of 28 organisms/100 ml, or other 
values of equivalent protection based on sampling and analytical methods used by the Massachusetts Division of 
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Table G1.  Summary of Massachusetts Surface Water Quality Standards (MassDEP 2006, MA DPH 2002, FDA 2003). 
Marine Fisheries and approved by the National Shellfish Sanitation Program in the latest revision of the Guide 
for the Control of Molluscan Shellfish Areas (more stringent regulations may apply, see 314 CMR 4.06(1)(d)(5)). 

 
Class SB:  
Waters designated for shellfishing:  
Fecal coliform median or geometric mean MPN shall not exceed 88 organisms/100 ml, nor shall more than 10% of 
the samples exceed an MPN of 260 organisms/100 ml or other values of equivalent protection based on sampling 
and analytical methods used by the Massachusetts Division of Marine Fisheries and approved by the National 
Shellfish Sanitation Program in the latest revision of the Guide for the Control of Molluscan Shellfish Areas (more 
stringent regulations may apply, see 314 CMR 4.06(1)(d)(5)). 
Class SA and Class SB: 
At public bathing beaches, as defined by MA DPH: 

No single Enterococci sample taken during the bathing season shall exceed 104 colonies /100 ml and the 
geometric mean of the five most recent Enterococci samples taken within the same bathing season shall not 
exceed 35 colonies /100 ml. 

At public bathing beaches during the non-bathing season and in non bathing beach waters: 
No single Enterococci sample shall exceed 104 colonies/ 100 ml and the geometric mean of all samples taken 
within the most recent six months, typically a minimum of five samples, shall not exceed 35 colonies/ 100 ml.  
These criteria may be applied on a seasonal basis at the discretion of the Department). 

Class SC: 
The geometric mean of all Enterococci samples taken within the most recent six months shall not exceed 175 
colonies/ 100 ml, typically based on the five most recent samples, and 10% of such samples shall not exceed 350 
colonies/ 100 ml.  This criterion may be applied on a seasonal basis at the discretion of the Department. 

Note: Italics are direct quotations.  ∆ criterion (referring to a change from natural background conditions) is applied 
to the effects of a permitted discharge. 

 




