NEIWPCC
Lowell, MA

Collection and Evaluation of
Ambient Nutrient Data For
Lakes, Ponds, and
Reservoirs in New England
Data Synthesis Report
INTERIM FINAL

_________________________________
Prepared By

_________________________________
Reviewed By

ENSR Corporation
April 2000
Document Number 8726-780-600

TABLE OF CONTENTS
page
1

OVERVIEW OF NEW ENGLAND NUTRIENT DATABASE.................................................1
1.1 Purpose and Goal of Data Synthesis Report ................................................................1
1.2 Relationship of New England Nutrient Database to Regional Nutrient Criteria
Development .................................................................................................................1
1.3 Organization of Report ..................................................................................................4

2

SOURCES OF DATA ...........................................................................................................6
2.1 Data Sources ................................................................................................................6
2.2 Spatial Data...................................................................................................................6
2.3 Hardcopy Data Sources ................................................................................................7

3

DATABASE DESCRIPTION...............................................................................................10
3.1 Database Structure .....................................................................................................10
3.2 Main Data Tables ........................................................................................................12
3.3 Quality Assurance and Quality Control Issues............................................................12
3.3.1 Data Quality for Source Data ...........................................................................12
3.3.2 Data Import and Database Structure................................................................13
3.3.3 Duplication of Data Between Data Sources .....................................................13
3.3.4 Additional Verifications .....................................................................................13

4

DEVELOPMENT OF NUTRIENT DATABASE...................................................................15
4.1 Primary data collection - Waterbody and Parameter Inventory...................................15
4.1.1 Distribution of Data Sources.............................................................................15
4.1.2 Period Covered ................................................................................................17
4.1.3 Water Quality Measurements...........................................................................18
4.1.4 Distribution of Waterbody Types ......................................................................19
4.2 Development of a Draft Nutrient Database .................................................................20
4.3 Ecoregions and Watersheds of Interest ......................................................................22
4.4 Sequence for Nutrient Data Processing......................................................................25

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

i

May, 2000

4.5 Data Gaps Analysis.....................................................................................................26
4.5.1 Establishment of Target Ranges for Waterbodies............................................26
4.5.2 Comparison of Waterbodies in Draft Database with Targets ...........................27
4.5.3 Inclusion of Additional Data from Hardcopy Reports........................................28
4.5.4 Summary of Data Gaps Analysis Results ........................................................31
5

SUMMARY STATISTICS ...................................................................................................32
5.1 Characteristics of Waterbodies in Nutrients Database................................................32
5.1.1 Lake Size and Depth ........................................................................................32
5.1.2 Land Use ..........................................................................................................32
5.2 Water Quality ..............................................................................................................34
5.2.1 Distributions of Trophic Parameters by Ecoregion ...........................................36
5.2.2 Trophic Classification of Waterbodies ..............................................................42

6

PRELIMINARY DRAFT NUTRIENT CRITERIA DEVELOPMENT.....................................46
6.1 General Approaches to Nutrient Criteria Development...............................................46
6.2 Identification of Reference, Test, and Impacted Waterbodies....................................48
6.2.1 Connecticut ......................................................................................................49
6.2.2 Maine

49

6.2.3 Massachusetts .................................................................................................50
6.2.4 New Hampshire................................................................................................50
6.2.5 Rhode Island ....................................................................................................50
6.2.6 Vermont 50
6.3 Application of Statistical Method to Develop Preliminary Draft Criteria.......................51
6.3.1 Nutrient Ecoregions..........................................................................................54
6.3.2 Mean Depth......................................................................................................60
6.4 Designated Uses.........................................................................................................63
6.5 Summary of Draft Preliminary Nutrient Criteria Development.....................................68
7

OUTSTANDING ISSUES ...................................................................................................69
7.1 Selection of Data to be Included in the Nutrient Database .........................................69

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

ii

May, 2000

7.1.1 Issues associated with the selection of Lakes and Ponds ...............................69
7.1.2 Issues associated with use of Summer Index Period.......................................71
7.1.3 Depth-Integrated Sampling ..............................................................................72
7.1.4 Macrophytes.....................................................................................................72
7.2 Nature of Regional Nutrient Criteria ............................................................................73
8

SUMMARY .........................................................................................................................75

9

REFERENCES...................................................................................................................76

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

iii

May, 2000

LIST OF TABLES
page
Table 2-1

Organizational Contacts for waterbody and nutrient data.......................................8

Table 3-1

Relationships between Main Data Tables and Lookup Tables. ............................11

Table 3-2

Expected Trophic Parameter Range. ...................................................................14

Table 4-1

Number of waterbodies in Primary data collection for types P, S, and R..............20

Table 4-2

Number of waterbodies in draft Database by state for types P and R only...........22

Table 4-3

Comparison of Draft Nutrient Database with L/P/R targets prior to adding
hardcopy reports data. ..........................................................................................28

Table 4-4

Comparison of Draft Database with L/P/R targets after adding hardcopy
reports data...........................................................................................................30

Table 5-1

Size and depth of lakes, ponds and reservoirs in the Nutrient Database. ............32

Table 5-2

Statistical Summary of Total Phosphorus by Ecoregion. ......................................39

Table 5-3

Statistical Indicators of Total Nitrogen by Ecoregion.............................................40

Table 5-4

Statistical Indicators of Chlorophyll a by Ecoregion. .............................................40

Table 5-5

Statistical Indicators of Secchi Disk Transparency by Ecoregion. ........................40

Table 5-6

Results of Mann-Whitney Test for Comparisons Among Ecoregions...................41

Table 5-7

Comparison of NE Nutrient Database with EMAP Data .......................................42

Table 5-8

Trophic Status Classification based on water quality variables ............................43

Table 5-9:

Predicted Trophic State based on New England Nutrient Data (trophic
state determined by TSI criterion values of 35, 50). .............................................45

Table 5-10: Comparison of NE Nutrient Database with EMAP Data .......................................45
Table 6-1

Nutrient Related Factors Included in current EPA 303(d) Listings of
Impaired Waters of New England States..............................................................49

Table 6-2

L/P/R waterbodies identified as Reference, Test, and Impacted by
ecoregion. .............................................................................................................51

Table 6-3

Comparison of Total Phosphorus distributions (ug/l) in New England
nutrient ecoregion for all assessed lakes and reference lake populations............57

Table 6-4

Comparison of Total Nitrogen (ug/l) distributions in New England nutrient
ecoregion for all assessed lakes and reference lakes populations. ......................58

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

iv

May, 2000

Table 6-5

Comparison of Chlorophyll-a (ug/l) distributions in New England nutrient
ecoregion for all assessed lakes and reference lakes populations. ......................58

Table 6-6

Comparison of Secchi Disk Transparency (m) distributions in New
England nutrient ecoregion for all assessed lakes and reference lakes
populations............................................................................................................59

Table 6-7

Ecoregional Preliminary Draft Nutrient Criteria (TP, TN) derived by
Statistical Method..................................................................................................59

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

v

May, 2000

LIST OF FIGURES
page
Figure 1-1

Development of Nutrient Database to support nutrient criteria decisionmaking. ...................................................................................................................5

Figure 3-1

Database Main Data Tables Structure..................................................................11

Figure 4-1

Flow chart of waterbody selection for New England Nutrient Database. ..............16

Figure 4-2

Distribution of Water Quality Measurements in Primary Data Collection by
Source of Data. .....................................................................................................17

Figure 4-3

Distribution of records by year for selected trophic parameters............................18

Figure 4-4

Water Quality Measurements by Parameter in Primary Data Collection. .............19

Figure 4-5

New England Nutrient Ecoregions (EPA) .............................................................23

Figure 4-6

View of the land use coverage for a selected area in Connecticut. ......................24

Figure 4-7

Comparison of major New England Level 3 Ecoregions in terms of land
use. .......................................................................................................................25

Figure 4-8

Distribution of lakes, ponds and reservoirs in Draft Database prior to
adding hardcopy reports data. ..............................................................................27

Figure 4-9

Distribution of lakes, ponds and reservoirs in Draft Database after adding
hardcopy reports data. ..........................................................................................29

Figure 5-1

Land use in 5-km buffer zone around lakes, ponds and reservoirs of three
New England Ecoregions. ....................................................................................33

Figure 5-2

Frequency distribution of Total Phosphorus measurements in lakes,
ponds and reservoirs in New England. .................................................................34

Figure 5-3

Frequency distribution of Total Nitrogen measurements in lakes, ponds
and reservoirs in New England. ............................................................................35

Figure 5-4

Frequency distribution of Chlorophyll a measurements in lakes, ponds and
reservoirs in New England. ...................................................................................35

Figure 5-5

Frequency distribution of Secchi Disk Transparency measurements in
lakes, ponds and reservoirs in New England........................................................36

Figure 5-6

Frequency distribution of Total Phosphorus measurements in lakes,
ponds and reservoirs for the three main ecoregions of New England. .................37

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

vi

May, 2000

Figure 5-7

Frequency distribution of Total Nitrogen measurements in lakes, ponds
and reservoirs for the three main ecoregions of New England. ............................37

Figure 5-8

Frequency distribution of Chlorophyll-a measurements in lakes, ponds
and reservoirs for the three main ecoregions of New England. ............................38

Figure 5-9

Frequency distribution of Secchi Disk Transparency measurements in
lakes, ponds and reservoirs for the three main ecoregions of New
England.................................................................................................................39

Figure 5-10 Distribution of lakes, ponds and reservoirs by Trophic Status Class. ...................44
Figure 6-1

Two approaches for finding reference condition value for total
phosphorus. ..........................................................................................................47

Figure 6-2

Comparison of cumulative frequency distribution of Total Phosphorus
measurements for reference, impacted and all lakes populations........................52

Figure 6-3

Comparison of cumulative frequency distribution of Total Nitrogen
measurements for reference, impacted and all lakes populations........................52

Figure 6-4

Comparison of cumulative frequency distribution of Chl a measurements
for reference, impacted and all lakes populations.................................................53

Figure 6-5

Comparison of cumulative frequency distribution of Secchi Disk
Transparency measurements for reference, impacted and all lakes
populations............................................................................................................53

Figure 6-6

Distribution of SDT measurements by lake depth category (shallow and
deep), for reference, impacted and all lakes populations......................................54

Figure 6-7

Comparison of distribution of Total Phosphorus measurements for New
England nutrient ecoregions. ................................................................................55

Figure 6-8

Comparison of distribution of Total Nitrogen measurements for New
England nutrient ecoregions. ................................................................................55

Figure 6-9

Comparison of distribution of Chlorophyll-a measurements for New
England nutrient ecoregions. ................................................................................56

Figure 6-10 Comparison of distribution of Secchi Disk Transparency measurements
New England nutrient ecoregions. ........................................................................56
Figure 6-11 Cumulative frequency distribution of Total Phosphorus measurements in
deep and shallow lakes of New England. .............................................................60
Figure 6-12 Cumulative frequency distribution of Chlorophyll-a measurements in deep
and shallow lakes of New England. ......................................................................61
J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

vii

May, 2000

Figure 6-13 Cumulative frequency distribution of Total Phosphorus measurements in
deep and shallow lakes of the New England Coastal Zone ecoregion. ................61
Figure 6-14 Cumulative frequency distribution of Total Nitrogen measurements in
deep and shallow lakes of the New England Coastal Zone ecoregion. ................62
Figure 6-15 Cumulative frequency distribution of Chlorophyll-a measurements in deep
and shallow lakes of the New England Coastal Zone ecoregion. .........................62
Figure 6-16 Distribution of Carlson TSI(TP) for lakes and reservoirs in New England.............65
Figure 6-17 Distribution of Carlson TSI(TP) for lakes and reservoirs in the Laurentian
Plains and Hills ecoregion.....................................................................................66
Figure 6-18 Distribution of Carlson TSI(TP) for lakes and reservoirs in New England
Highlands ecoregion .............................................................................................66
Figure 6-19 Distribution of Carlson TSI(TP) for lakes and reservoirs in New England
Coastal Zone ecoregion........................................................................................67
Figure 6-20 Comparison of the distribution of Carlson TSI(TP) for Reference and
Impacted waterbodies in New England.................................................................68

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

viii

May, 2000

1 Overview of New England Nutrient Database
1.1

Purpose and Goal of Data Synthesis Report

The purpose of the Data Synthesis and Final Report (the “Data Synthesis Report”) is to
describe and summarize ENSR’s development of a nutrient-related database for New
England waterbodies, and to describe how this data may be applied to develop preliminary
draft regional nutrient criteria for lakes, ponds, and reservoirs. This document is the final
project task deliverable of the “Collection and Evaluation of Ambient Nutrient Data” Project
(“Phase 1”) conducted by ENSR for the New England Interstate Water Pollution Control
Commission (“the Commission”). The Data Synthesis Report incorporates information from
the earlier Data Distribution Report and Data Gaps Analysis, but builds on and expands the
material presented in those deliverables. The Data Synthesis Report describes and
summarizes the finalized New England Nutrient Database (“the Nutrient Database”),
explores potential methods of developing draft nutrient criteria, and details several
outstanding issues that may need to be addressed further in the development of regional
nutrient criteria.
Specific objectives of the Data Synthesis Report are as follows:
•= Provide sufficient regulatory background as a framework for the project objectives;
•= Document and describe the sources of data used in the Nutrient Database (also identify
data which was deferred from inclusion and other potential data sources);
•= Describe the basic structure and features of the Nutrient Database;
•= Describe and summarize the contents of the Nutrient Database with regard to amount of
data, number of waterbodies, parameters of interest, ecoregional coverage, etc.
•= Describe selection of reference, test, and impacted waterbodies;
•= Provide examples of preliminary draft nutrient criteria based on suggested methods from
the EPA Technical Guidance Document and
•= Identify potential issues regarding development of nutrient criteria that should be
considered and resolved prior to issuing of draft criteria.

1.2

Relationship of New England Nutrient Database to Regional Nutrient
Criteria Development

As part of the national Nutrient Strategy described in the “Clean Water Action Plan” (US
EPA, 1998a), U.S EPA will establish numeric criteria for nutrients by the year 2000 and
assist the states in adopting “ecoregion-specific” standards based on these criteria. This
project is being conducted as part of the US EPA National Strategy for the Development of
Regional Nutrient Criteria, with the stated objective of development of waterbody-type
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technical guidance manuals and region-specific nutrient criteria (Liebman, 1999). The water
quality criteria documents will include default, or proposed, regional criteria for nutrient
endpoints, specifically nitrogen and phosphorus, for three types of waterbodies -- lakes,
rivers and estuaries. The nutrient criteria will reflect numerical target ranges for nutrient
response parameters such as chlorophyll a (chl a) and turbidity or Secchi disk transparency
depth (SDT). The major elements of this strategy are presented below:
•= Use of regional and waterbody-type approach for the development of nutrient criteria;
•= Development of waterbody-type technical guidance documents (i.e., documents for
streams and rivers; lakes and reservoirs; estuaries and coastal waters; and wetlands) that
will serve as “user manuals” for assessing trophic state and developing region-specific
nutrient criteria to control overenrichment;
•= Establishment of an US EPA National Nutrient Team with Regional Nutrient Coordinators
to develop regional databases and promote State and Tribal Involvement;
•= Development by US EPA of nutrient water quality criteria in the form of numerical regional
target ranges, which US EPA expects States and Tribes to use in implementing State
management programs to reduce overenrichment in surface waters, i.e., through the
development of water quality criteria, standards, NPDES permit limits, and total maximum
daily loads (TMDLs); and
•= Monitoring and evaluation of the effectiveness of nutrient management programs as they
are implemented.
To support this effort in New England, ENSR was contracted by the Commission to
construct a regional database from existing Federal, State, academic, stakeholder and
Tribal nutrient data. The development of the regional database followed the overview
described in the original Request for Proposals (RFP) that identifies the nature of the data to
be collected and entails the following tasks:
•= Collection of Electronic Data – recent vintage (i.e., 1990 or later) electronic databases
of nutrient, trophic status response indicators, and ancillary water quality, flow, and
watershed information will be obtained from Federal, State, Tribal sources, as well as
other qualified sources (i.e., academic institutions, watershed groups);
•= Collection of Hard Copy Reports – in addition to electronic data, selected agency or
literature reports will be acquired and incorporated into the regional database;
•= Conduct QA/QC Reviews – prior to inclusion into the regional database, information
will be reviewed and documented with regard to accuracy, sufficiency,
representativeness, and analytical quality. Data will be separated into those to be
incorporated into the database and those deferred (and broadly classified as to quality)
for later consideration (see Data Gap Analysis);
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•= Data Distribution Report – based on the primary data collection efforts, a Data
Distribution Report will be generated that describes the nature and extent of the qualified
waterbody nutrient data, along with summary statistics and preliminary analyses;
•= Data Gap Analysis – the Data Distribution Report will be examined to identify potential
data gaps, with potential re-examination of collected (but deferred) data for potential
inclusion; and
•= Data Synthesis and Final Report – the completed regional database will be presented
with complete description of its development and a wide array of statistical comparisons
to support nutrient criteria decision-making.
The general relationship between project tasks and the specific objectives is depicted in
Figure 1-1, which provides a simplified flowchart indicating the sequence for development of
the New England Nutrient Database and its applicability to development of nutrient criteria.
The approach used for acquiring and classifying nutrient data in the Database was
described in a project Technical Memorandum distributed in April 1999 (ENSR, 1999a). The
Technical Memorandum was distributed and presented to the project “Core Group”
consisting of a selected number of state and federal agency contacts, the two Regional
Nutrient Assessment Teams (RNAT), U.S. EPA, New England Region, and the Commission.
The approach described by the Technical Memorandum was reviewed, discussed, and
approved in principle by the Core Group (who act as liaisons with Nutrient Assessment
Team members), U.S. EPA, and the Commission.
During late summer 1999, two review draft technical guidance manuals were issued by U.S.
EPA. These manuals were Nutrient Criteria Technical Guidance Manual: Lakes and
Reservoirs (EPA 822-D-99-001, U.S. EPA, 1999a) issued August, 1999 and Nutrient Criteria
Technical Guidance Manual: Rivers and Streams (EPA 822-D-99-003, U.S. EPA, 1999b)
issued September, 1999. These draft manuals, particularly the Lakes and Reservoirs
manual, provided suggested methodologies for developing nutrient criteria that served as
the basis for preliminary draft nutrient criteria in the Data Synthesis Report.
A preliminary description and evaluation of the draft Database was presented to the Core
Group in September 1999 to familiarize the group with the nascent database, do a
preliminary data gap evaluation, and to identify issues and promote dialog regarding use of
the Database to develop regional nutrient criteria. As part of the meeting follow-up, state
agencies were charged with classifying (with justification) reference and impacted status
waterbodies from a list of the Nutrient Database. These classifications were incorporated
into the Data Distribution Report.
The Data Distribution Report was issued in December 1999 (ENSR, 1999b) and provided
documentation of how electronic and hardcopy data were acquired, validated, and
incorporated into the Nutrient Database. The Data Gap Analysis reviewed the sufficiency of
the available data with regard to target ranges of waterbodies described in the Technical
Memorandum (ENSR, 1999a). Based on the Data Gap Analysis, additional hardcopy report
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data were transcribed to augment and expand the Database for ecoregions of interest. The
resultant finalized database was designated as the New England Nutrient Database –
Lakes/Ponds/Reservoirs for purposes of this report.
Another result of the Data Gaps Analysis was a decision to defer consideration of the
rivers/streams data to support nutrient criteria development to a later phase. Further
investigation of this waterbody type will be addressed in the upcoming data collection
program for Estuaries and Coastal Embayments under the Collection and Evaluation of
Ambient Nutrient Data – Phase 2 (“Phase 2 work) (see discussion in Section 4.5.4).

1.3

Organization of Report

This report is organized in the following fashion. Section 1.0 contains background material.
Section 2.0 identifies the data sources for the New England Nutrient Database. The
structure and framework of the Access97 ® database used to house the Nutrient Database
are described in Section 3.0. Section 4.0 contains the Development Strategy used to
“refine” the initial data collected into a more focused and useable set of waterbodies and
parameters. Section 5.0 provides Summary Statistics on the waterbodies and major
parameters of interest contained in the Nutrient Database. Section 6.0 contains application
of criteria-making using methods suggested in the draft Technical Guidance Manuals with
calculation of draft preliminary nutrient criteria. Section 7.0 identifies outstanding issues
associated with criteria making that were identified by Core Group members during the
project. These issues will need to be addressed further to achieve consensus as to the
development of nutrient criteria for New England. Section 8.0 provides a summary of the
Report.
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Figure 1-1

Development of Nutrient Database to support nutrient criteria decisionmaking.
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2 Sources of Data
2.1

Data Sources

The primary goal of the project was to collect and analyze good quality data to help
establish the basis and justification for regional nutrient criteria. To provide for this good
quality database, nutrient data, trophic status response indicators, ancillary water quality
parameters, flow, and watershed information on waterbodies in New England were
acquired from a variety of qualified sources including state and Federal agencies, Tribal
sources, academic institutions, watershed groups, and other sources. A list of the major
databases that were primary sources of electronic data and the respective contact
person are listed in Table 2-1. The data requested were from electronic databases of a
fairly recent vintage (i.e., 1990 or later). As noted in Table 2-1, the data received
included pre-1990 data, but the majority of data (~90%) included in the draft and final
Nutrient Database were primarily from 1980 to the present. In addition, a number of
hardcopy data sources were noted for potential use in supplementing the electronic data
on a per needs basis (as identified in the data gaps section). A compilation of the major
databases used, with a brief description of the dataset, its parameters, period of
sampling, associated documents, and contact person is contained in Appendix A.

2.2

Spatial Data

The Geographical Information System (GIS) software ArcView (ESRI) was used to
support some of the data extraction and analysis tasks. The GIS interface was used to
distinguish waterbodies from those with similar names, assign waterbodies to the correct
watersheds or hydrologic units, and to identify the correct ecoregion for each waterbody.
Specific websites that were used are noted below. The spatial coverages were obtained
electronically – from internet sites in most cases – and used to complete the database.
The EPA Level 3 Non-Aggregated Ecoregions for United States were obtained from the
EPA ftp site (ftp://cerberus.epa.orst.edu). The file covers the entire United States and
shows five ecoregions within New England. Delineation of the 8-digit Hydrologic Units
Codes (HUCs) was obtained from the USGS web site (www.usgs.gov). Delineation of
rivers and streams, with corresponding Reach File RF3 data, was obtained from the
BASIN web site (www.epa.gov/OST/basins/). Counties and towns political boundaries
were obtained from the ESRI Data CD of New England. Spatial coordinates were
obtained from the USGS Geographical Names Identification System (GNIS).
Additional spatial data sets were also obtained from each of the state’s official GIS data
web sites to help support technical analyses. These state-specific GIS sites are:
•= Connecticut: http://magic.lib.uconn.edu/
•= Maine: http://apollo.ogis.state.me.us/
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•= Massachusetts: http://www.magnet.state.ma.us/mgis/
•= New Hampshire: http://nhresnet.sr.unh.edu/granit/overview.htm
•= Rhode Island: http://www.edc.uri.edu/rigis/
•= Vermont: http://geo-vt.uvm.edu/

2.3

Hardcopy Data Sources

In addition to the electronic sources, several potential hardcopy datasets (either in the
form of unpublished data sheets, waterbody status reports, or waterbody compilations
were also identified. The main types of hard copy data sources included:
•= Lake and Stream Inventories or Gazetteer documents;
•= State Trophic Classification Documents;
•= Clean Lake Program Diagnostic/Feasibility Study Reports;
•= River Monitoring Documents;
•= River Waste Load Allocation Reports;
•= United States Geological Survey (USGS) Monitoring Data;
•= Academic Institutions; and
•= Watershed Groups.
These hardcopy data sources were initially deferred from inclusion in the draft
Databases. However, following the Data Gap Analysis, these hard copy data sources
were used to provide information and nutrient data for additional waterbodies in
particular ecoregions of interests. Based on the ecoregional distribution of waterbodies
initially achieved, additional hardcopy data focused on data from the New England
Coastal and Atlantic Coastal Pine Barrens ecoregions. A listing of these hardcopy
sources incorporated into the Nutrient Database is provided in Appendix A.
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Table 2-1

Organizational Contacts for waterbody and nutrient data.
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Reserved for Table 2-1
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3 Database Description
The New England Nutrient Database was assembled from the data acquired from sources
identified in Section 2.0. A description of the structure of the Database is given in Section
3.1. The main data tables are described in Section 3.2. The Quality Assurance / Quality
Control measures taken in reviewing, verifying, and accepting the data are described in
Section 3.3.

3.1

Database Structure

A relational database was designed and implemented in Microsoft Access97® to
accumulate and manipulate the extensive amount of available electronic data. This
database was adapted from an existing one provided by national U.S. EPA headquarters for
another regional project. It has been revised and adapted to meet the needs of this project.
A relational database is a collection of data items organized as a set of formally-described
tables that are linked into a logical structure. The database application includes tables,
queries, forms, and reports. Tables are collections of data on a given topic. Their content
and the relationships defined between the different tables form the core of the database
applications. Queries present a certain view of the data contained in tables, or may be used
to update, append or edit data records. Forms constitute the “graphical user interface” to the
data. They are used to enter new data, view existing data, or perform operations in a userfriendly manner.
The data was organized into four main tables each representing one level of information, as
shown in Figure 3-1. These tables contain information on the waterbody, station, sample,
and water quality data, respectively. The tables are linked to each other through one-tomany relationships with enforced referential integrity. Referential integrity means that
records in each main (or so called “parent”) table are unique but may be associated with one
or more derivative (or so-called “child”) records in other tables. As such, a given waterbody
may have one or more stations, each measured at one or more points in time and water
depth, and each water sample may have been analyzed for one or more parameters. This
staged structure ensures that each data item appears once only in the database, eliminating
duplicate information and minimizing possible errors.
Within a given table, uniqueness of information is enforced through a single unique key field
or unique combination of fields. In the waterbody and station tables, a single field contains
the identification of a unique record, the waterbody_ID and station_ID fields, respectively. In
the case of the sample table, a unique record is one with a unique combination of Station ID,
Sampling Date, Sampling Time, Sample Depth, and Sample Type. In table WQData, a
unique record is one with a unique combination of Sample ID, Parameter, and Reported
Value.
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WATERBODY
Lake/pond, reservoir, river/stream, etc.

STATION
Sampling location on waterbody

SAMPLE
Water sample taken at a given date and depth

WQ DATA
Value for a given parameter (TP, TN, etc.)

Figure 3-1

Database Main Data Tables Structure.

In addition to the four main data tables, a number of lookup tables have been developed to
provide the possible range of values or categories for some of the fields. The relationships
between the main data tables and lookup tables are indicated in Table 3-1. In Table 3-1, the
waterbody types include Lake/Pond (P), Reservoir (R), River/Stream (S), Marine (M), and
Other (O).
Table 3-1

Relationships between Main Data Tables and Lookup Tables.

Lookup table

Main Table

Field

Source for Link Field

LTBL_AnalysisMethod

WQData

Analysis Method

Code for analysis method used.

LTBL_EPAEcoregion

Waterbody

EPA Ecoregion

Name of non-aggregated ecoregions for New England.

LTBL_Parameters

WQData

Parameter

Code for chemical/biological/physical parameter measured

LTBL_Qualifier

WQData

Reported_Qualifier

Remark on value reported. Unless specified, codes are same
as used in STORET.

LTBL_Sample_Type

Sample

Sample Type

Type of sample collected (target, duplicate, etc.)

LTBL_Sampling_Conditions

Sample

Sampling Conditions

Conditions at time of sampling (dry, wet, unknown)

LTBL_Sampling_Method

Sample

Sampling Method

Sampling method used (grab, hose, composite, etc.)

LTBL_State

Waterbody and
Station Tables

State

Two-letter postal abbreviation.

LTBL_Units

WQData

Unit of Measure

Abbreviation of measurement units

LTBL_WaterbodyType

Waterbody

Waterbody Type

Code for waterbody type (P, R, S, M, O)
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3.2

Main Data Tables

As noted above, the data is contained in four main data tables representing different levels
of information. A listing of the fields found in each of the main data tables is provided in
Appendix B. This section discusses some of the implications of the logical organization of
the data.
The table Waterbody contains information that is specific to a given waterbody. A waterbody
is defined as a body of water with finite, well-defined extents and relatively homogeneous
physical characteristics. A waterbody can be a lake/pond, a reservoir, or a specified
segment or reach along a given river or stream. [Note: reservoirs were identified through
waterbody names or specific identification as such by state-specific data sources]. While
the identification of lakes/ponds and reservoirs is relatively easy and non-ambiguous, the
subdivision of rivers and streams into segments with relatively homogeneous characteristics
is more complicated, as depth, flow, and other physical characteristics are expected to
change with the distance from the headwaters. The USGS RF3 reach file provided a
classification scheme that can be used for the Database.
Because of the potential differences between the waterbody types, the table Waterbody
contains some fields such as the mean depth and surface area that are relevant only to
lakes, ponds and reservoirs, but which are less applicable to rivers and streams. It also has
a number of fields that are specific to rivers and streams (e.g., tributary_code).
The tables Waterbody and Station contain information at two different levels of spatial
extent. The table Waterbody contains overall characteristics of the waterbody while the table
Station refers to a specific location on that waterbody. The station may therefore have a
local depth that is different from the average or maximum depth reported for the waterbody.

3.3

Quality Assurance and Quality Control Issues

An important part of the project was Quality Assurance / Quality Control (“QA/QC”). The
following section addresses important QA/QC issues for the Database.
3.3.1

Data Quality for Source Data

The majority of electronic data was obtained from designated federal and state agencies
who, for diverse reasons, maintain active files of water quality and waterbody information.
No attempt was made by ENSR to directly verify the accuracy of this electronic information
contained in these files, since the individual states are assumed responsible for the quality
control of these data files. Statements regarding the QA/QC aspects of the individual state
programs are described in Appendix A. Data, which was not electronically available (i.e.,
hardcopy reports), were transcribed to the Nutrient Database. Following transcription, these
data were subject to QA/QC including verification of data from approximately 10% of the
waterbodies as well as the additional verification procedures described in Section 3.3.4.
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3.3.2

Data Import and Database Structure

The majority of the data was obtained electronically from qualified sources in the form of
databases or spreadsheets. In most cases, the format of the data received needed only to
be slightly manipulated to make it compatible for importing into the Nutrient Database. As
such, data entry errors were assumed to be limited to those that could have taken place in
the original data source. This assertion was reinforced by a later QA check on the water
quality data for Vermont waterbodies contained in the database. Comparison of the data
contained in the Nutrient Database to those contained in Vermont state files indicated that
no loss of information had occurred.
The database enforces referential integrity of the information. For example, records can
only refer to existing “parent” records (e.g., sample at existing stations). In many cases,
unique identifiers were defined that prevent the duplication of information such as lake
name, station ID, etc. The referential integrity check also prevents the importation of
unassociated or so-called “orphan”) data (i.e. data without associated sample, station, or
waterbody). The use of lookup tables to provide a limited choice of valid values for some of
the fields in the main tables also ensures minimal error in the content of the database. This
ensures consistency of values and codes across data sources. For example, water quality
parameters are limited to values listed in the Parameters lookup table.
3.3.3

Duplication of Data Between Data Sources

Because of the large number of data sources utilized, and the realization that some
waterbodies potentially had measurements reported by two or more different agencies, the
water quality measurements present in the draft Database were scanned for duplicates. This
verification was performed by comparing the combination of waterbody, sampling date,
sampling depth, parameter and value reported. In cases were more than one unique such
“combination” was found for different data sources (e.g., between STORET records and a
State Agency electronic file), the duplicate STORET record was deleted. Duplicates within a
single data source were assumed to be legitimate and were identified as “DUP” in the
sample type field.
3.3.4

Additional Verifications

As noted in Section 3.3.1, no systematic attempt was made to verify the electronic data
submitted by the agencies. However, data for selected trophic parameters within the
Database were compared with an expected range of values based on best professional
judgment (Table 3-2). For example, SDT measurements were compared to the maximum
depth of the water body and potentially spurious values (i.e., SDT > maximum depth) were
identified and verified against the original data source. Reported values for total phosphorus
(TP), total nitrogen (TN), and chl a were similarly compared to the expected range.
Reported values that were outside of the range were further investigated and verified
against the original source of the data. Negative and null concentrations were also
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searched for and investigated. When data was outside the expected range and there was
some potential explanatory factor readily available (negative values, unit errors, etc), the
data was removed from the database. On the other hand, some reported values were
outside of the range, but there was no reason to question the accuracy of the data. In these
cases, the values were retained in the Database.
Another partial quality review was conducted through the inspection by the RNAT members
of the state-specific listing of waterbodies and representative trophic parameters as part of
the assignation of reference and impacted waterbodies. State agency staff noted a few
instances when representative data was apparently at variance with their expectations of
water quality for a waterbody. In all cases, these discrepancies were successfully resolved,
or the data removed from the database.
Table 3-2

Expected Trophic Parameter Range.

Trophic Parameter

Minimum Value

Maximum Value

Chlorophyll a (ug/L)

0

250

Secchi Disk Trans. (m)

0

Maximum Water Depth

Total Nitrogen (ug/L)

0

5,000

Total Phosphorus (ug/L)

0

1,000

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

14

May, 2000

4 Development Of Nutrient Database
This section describes the development of the Nutrient Database, specifically, how it was
created from review and refinement of the primary data collection effort. This refinement
was required by the sheer size of the resulting database and the inclusion of many water
quality records of lesser importance to the development of regional nutrient criteria (Section
4.1).
The resultant draft New England Nutrient Database was developed based on a
selection of lakes, ponds, and reservoirs (“L/P/R”) with critical trophic parameter data.
Section 4.2 describes the strategy used to develop the draft Nutrient Database and Section
4.3 provides a summary of its contents. Section 4.4 discusses the sequence for data
processing for averaging the data from an individual waterbody to provide a representative
value for that waterbody. Section 4.5 summarizes the Data Gap Analysis conducted to
identify data needs remaining existing in the draft Nutrient Database and the hardcopy
reports used to supplement and produce the final Nutrient Database. An overview of this
process is provided in Figure 4-1.

4.1

Primary data collection - Waterbody and Parameter Inventory

Historical water quality, waterbody morphometric, and ancillary data were collected from a
multitude of sources, including federal and state agencies, academic sources, watershed
stakeholders, volunteer groups and Tribal Indian Nations. The data sources have been
previously identified and discussed in Section 2.0. The primary data collection assembled
from these data contained over 7,000 waterbodies, 10,700 stations, 350,000 samples, and
780,000 water quality data records. Some of the features and characteristics of the primary
data collection are discussed below.
4.1.1

Distribution of Data Sources

The distribution of the water quality measurements by source of data is presented in Figure
4-2. As can be seen, the electronic data primarily came from fourteen data contributions
from state and federal agencies, academic institutions, and a Tribal Nation (i.e., Penobscot
Indian Nation). This wide spectrum of data sources is indicative of the diverse nature and
intent of the data contained in the electronic files acquired. It should be noted that this
distribution of data encompasses all of the water quality records, including rivers and
streams, and the distribution is quite different when considering subsequent draft Nutrient
Database, which focused on L/P/R waterbodies with sufficient data on a majority of the four
trophic indicators (TP, TN, chl a, SDT) to merit inclusion.
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Compiled List of Waterbodies in NE
Primary Data Collection (electronic data
from various sources)

Does waterbody
have records for > 3
trophic parameters?

No

Yes

Does waterbody
have records during
the seasonal index
period?

No

Deferred Data
Yes
Candidate Waterbodies for
Draft Nutrient Database

Does waterbody
have long/lat, size,
basin, etc.?

Data Not
Obtainable

No

Get necessary information from
hardcopy sources, GIS, maps,
pers. comm., etc

Yes

Data needed
obtained from
hardcopy sources

Refine Waterbodies for
Final Nutrient Database

Identify Reference, Test,
Impacted Waterbodies

Conduct Analyses / Develop
Draft Criteria

Figure 4-1

Flow chart of waterbody selection for New England Nutrient Database.
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RIDEMBaseline
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0.1%

VT-DEC
Nutrients DB
7.3%

CT-DEP
Reports
0.3%

URIWW
1.5%

EMAP
0.3%
MA Hard-Copy
Reports
0.6%

MA-ARMS
15.7%

RI-DEM
0.2%
Penobscot
Indian Nation
0.2%

MADEP
1.4%

NH-WEEDS
1.4%
NH-DES
4.4%

ME-Bouchard
62.5%

ME-DEP Mitnik
0.7%

Figure 4-2

4.1.2

Distribution of Water Quality Measurements in Primary Data Collection by
Source of Data.

Period Covered

The primary data collection contains data and information that spans from 1952 to 1998,
although the vast majority of electronic data collected were generated during the 1990s. The
range of years of data record is quite variable among trophic parameters For example, SDT
records go as far back as 1952, available chl a, TP, and total kjeldahl nitrogen (TKN) have
records going back to the 1970s, while the earliest TN record dates to 1989. The data also
contain many non-nutrient data (e.g., temperature, pH, alkalinity) records as well, many of
which were collected for acid rain monitoring purposes during the late 1980s and early
1990s. The distribution of the data for the selected trophic parameters is presented in
Figure 4-3. The graphic presents the number of records available for each year for selected
trophic parameters.
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24274

9811

6946

6859

7371

2794
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Figure 4-3
4.1.3

Distribution of records by year for selected trophic parameters.

Water Quality Measurements

The primary data collection contained more than 500,000 water quality measurements
drawn from lakes, ponds, reservoirs, rivers, and streams. However, because of the various
goals and natures of the monitoring programs that provided the information (e.g., acid rain
monitoring programs), a large portion of the data reported are for parameters that are not
necessarily directly related to nutrients, such as alkalinity, temperature, and pH. Whereas
these parameters may be useful in allowing secondary classification of the waterbodies,
they do not provide information directly applicable to the trophic status of the waterbody.
Conversely, some of the acquired nutrient data were not appropriate for application to
surface waterbodies (e.g., groundwater nitrate records).
Despite these limitations, the identified critical trophic parameters of interest are well
represented within the primary data collection. This includes about 57,200 measurements of
TP, 87,300 SDT measurements, and 28,500 chl a values. The least represented trophic
parameter is TN with fewer than 3,500 records available. The distribution of water quality
measurements in the database by parameter is presented in Figure 4-4.
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Figure 4-4
4.1.4

Water Quality Measurements by Parameter in Primary Data Collection.

Distribution of Waterbody Types

As part of the primary data collection, data were obtained on a wide variety of waterbody
types. Based on the water quality and ancillary information in the data collected from the
various data sources, the waterbodies in the database were classified into three types:
•= (P) Lakes and ponds;
•= (R) Reservoirs; and
•= (S) Rivers and streams;
The distribution of the P, S. and R classified waterbodies contained in the primary data
collection by type and state is presented in Table 4-1. Note that the number of P, S, and R
waterbodies for a state differs from the amount of data contributed by that state (Figure 4-2).
As can be seen, Massachusetts represented a large fraction of the waterbodies. However, a
significant number of these waterbodies were sampled as part of the ARM program and
were less frequently sampled for nutrients. It can also be seen that Massachusetts also had
the greatest number of River/Stream samples in the primary data collection.
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Table 4-1

Number of waterbodies in Primary data collection for types P, S, and R.
State

Lakes and Ponds

Rivers and Streams

Reservoirs

(P)

(S)

(R)

66

43

9

Massachusetts

2363

1613

239

Maine

817

26

0

New Hampshire

659

144

25

Rhode Island

70

60

14

Vermont

831

41

10

New England Total

4806

1927

297

Connecticut

Total

4.2

7030

Development of a Draft Nutrient Database

At the end of the primary data collection period, information had been obtained on a large
number of waterbodies (>7,000) and a very large number of water quality records
(>780,000). While this amount of data is impressive, it resulted in a cumbersome database
that, due to its sheer size, was difficult to perform standard calculations and analyses on.
More importantly, the primary data collection also contained much data not directly
applicable to the issue of developing regional nutrient criteria; although, as noted above,
some of the data may be useful for further correlation with and/or categorization of
waterbodies. In addition there were pragmatic considerations regarding necessary ancillary
information for each of the selected waterbodies. For example, it was necessary to identify
the spatial coordinates (i.e., latitude and longitude) for each of the selected waterbodies to
assign watershed and ecoregional status. Finally, it would be necessary for state agencies
to review the selected waterbodies to assign “reference” or “impacted” status. Therefore, it
was prudent to reduce the size of the database to a lesser but sufficient number of
waterbodies and qualified data still capable of fully supporting nutrient criteria development.
Accordingly, a decision was made and a strategy developed to produce a smaller and more
focused database. We have used the term “draft Database” to refer to this effort since it
represents a distillation of the information in the primary data collection. Since the original
aim of the project is to provide a database for regional nutrient criteria, the draft Database
contains only those waterbodies for which sufficient information was available on the
relevant trophic parameters. This purpose and strategy for development of the draft
Database was discussed and consensus reached with the Commission and US EPA
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Regional Nutrient Coordinator in meetings during summer 1999. This approach was
presented to the Regional Nutrient Assessment Team at the September 30, 1999 meeting
and appears to be consistent with the overall goals of the program.
Briefly, the strategy acknowledges that not all waterbodies were sampled for the four key
trophic parameters (TP, TN, chl a, and SDT). In fact, less than 5% of the waterbodies (or
about 300) in the primary data collection had information for these four parameters. These
roughly 300 waterbodies included those for which nitrogen data were available but not
necessarily as the preferred TN fraction. Comparison of the number and location of these
300 waterbodies indicated that there were an insufficient number to meet the target ranges
for waterbodies discussed in the Technical Memorandum (ENSR, 1999a), as well as provide
the ecoregional coverage desired.
Further, there were insufficient data in the “S” (rivers and streams) waterbodies to merit their
inclusion in the draft Database, since virtually none of these lotic waterbodies had the three
key trophic parameters (only 14 of the 1927 waterbodies). This is an important limitation to
the development of the nutrient criteria for these environments and will be discussed in the
Outstanding Issues (Section 7.0) portion of this report. Therefore, the statistical
summaries and analyses in the remainder of this report pertain only to the L/P/R
waterbodies.
The next step was to relax the requirement for L/P/R waterbodies to have data for all four
trophic parameters. Therefore, a decision was made to expand the database to those
waterbodies with data for at least three of the four parameters of interest, specifically TP,
SDT and chl a. This decision was based on the availability of data (e.g., the relatively small
amount of TN records), the generally-held hypothesis that a majority of freshwater systems
are phosphorus-limited most of the year, and the better-established correlation of TP with
predictable changes in overall water quality (i.e., eutrophication effects) (U.S. EPA, 1998b).
Adoption of this strategy greatly increased the number of candidate waterbodies but still
retained a great majority of the data acquired in the primary data collection for these three
key parameters. For example, approximately 97% of the data for TP from the primary data
collection was captured by the draft Database, for SDT > 97%, and for chl a > 99% of the
data. This indicated that much of the trophic parameter information in the primary data
collection is associated with a select subset of waterbodies.
The draft Database was composed of 1155 L/P/R waterbodies from all six New England
states. The distribution of the L/P/R waterbodies throughout the New England states is
shown in Table 4-2. The largest percentage of lakes/ponds is located in Maine, with fairly
equal distribution among the other states.
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Table 4-2

Number of waterbodies in draft Database by state for types P and R only.
State

Lakes and Ponds (P)

Reservoirs (R)

Connecticut

63

8

Massachusetts

59

7

Maine

661

0

New Hampshire

179

7

Rhode Island

62

13

Vermont

92

4

1116

39

New England Total
Total

1155

The waterbodies represented by the totals in Table 4-2 were the basis of further
investigation. The spatial coordinates of each waterbody were obtained and entered to
ascertain the ecoregion classification (see Section 4.3). With the help of the respective
state agencies, efforts were made to review and complete as much of the descriptive
information as possible for these waterbodies as to their physical characteristics, location
coordinates, etc., in order to provide a more complete basis for evaluation. Finally, the
waterbodies in the draft Database were reviewed to determine whether the represented
“reference” or “impacted” conditions (see Section 6.2).

4.3

Ecoregions and Watersheds of Interest

An important facet of the development of regional nutrient criteria is the concept of
ecoregion-specific criteria. Ecoregions are generally defined as relatively homogeneous
areas with respect to geomorphology, climate, ecological systems and the interrelationships
among organisms and their environment (Omernik, 1987). They can be defined on a range
of scales, from national to very regional subdivisions.
Several potential ecoregion classification levels or schemes were identified in the course of
the work. These included classifications Level 3 Aggregated and Non-Aggregated Nutrient
Ecoregions (proposed by Omernik), state-specific ecoregions (e.g. MA, ME), and other
proposed classifications (e.g., USDA Forest Service, US EPA Region I). Following review
and discussion, the EPA Level 3 Non-Aggregated ecoregions were selected as the basis for
the analysis. These ecoregions were modified from the hierarchical framework of Omernik
(1987). The EPA Level 3 Non-Aggregated scheme separates New England into the five
distinct regions shown in Figure 4-5. These regions are the:
•= New England Highlands (NEH),
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•= Laurentian Plains and Hills (LPH);
•= North Eastern Coastal Zone (NECZ);
•= Atlantic Coastal Pine Barrens (ACPB); and
•= Eastern Great Lakes and Hudson Lowlands (EGLHL) (a small portion of the around
Lake Champlain, Vermont).
It should be noted that these ecoregions are not exclusive to New England and there is
overlap into nearby states (e.g., New Jersey, New York, Ohio). Therefore it is important to
note that the ecoregional preliminary draft nutrient criteria developed in this report pertain
only to those portions of the ecoregions occurring in New England.

Figure 4-5

New England Nutrient Ecoregions (EPA)

The ecoregions were compared in terms of their overall land use using land use coverages
obtained from the EPA (EPA, 1999c), as part of the Multi-Resolution Land Characteristics
(MRLC) dataset. The MRCL dataset is produced by an interagency consortium that
regroups the EPA, USGS, and NOAA. The land use coverage is distributed as a mosaic of
ArcView/ArcInfo grid files with a resolution of 30 meters. Each pixel (i.e. small square) of the
grid has an associated land use category. There are 18 land use categories identified, which
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include open water, residential area, forested, pastures, wetlands, etc. Figure 4-6 shows an
example of the land use file for a selected area in Connecticut.

Figure 4-6

View of the land use coverage for a selected area in Connecticut.

The relative percentages of the area coverage of various land use categories for each
ecoregion are illustrated in Figure 4-7. As we can see, the LPH and NEH ecoregions are
very similar in terms of the overall land use. The NECZ and ACPB ecoregions are
characterized by their relatively higher percentage of residential land use (about 15%).
However, the ACPB ecoregion differs from its NECZ neighbor by the higher proportion of
wetlands and barren areas and its lesser proportion of agricultural areas. Due to the low
number of L/P/R waterbodies considered for the ACPB ecoregion, these differences are not
considered significant.
The ecoregions were used to evaluate the number of applicable waterbodies in the draft
Database versus the target range of waterbodies identified in the Technical Memorandum
(ENSR, 1999a). Due to the very limited spatial coverage of the EGLHL ecoregion relative to
other New England ecoregions, and its distinctive geomorphology (Smeltzer, pers. Comm.),
the 18 lakes and ponds in this ecoregion were deferred from further analysis in the draft
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Database. It has been suggested that information from the EGLHL waterbodies be
considered for inclusion with similar waterbodies that may be considered by EPA Region 2.
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Comparison of major New England Level 3 Ecoregions in terms of land use.

Sequence for Nutrient Data Processing

The draft Database contains a very large amount of information that has to be extracted,
sorted, and analyzed to answer the very specific questions for the development of nutrient
criteria. One of the critical decisions in application of the database is to determine how
trophic parameter data will be averaged to produce a representative value (or indicator of
central tendency) from the dataset of an individual waterbodies, regardless of the number of
samples obtained from that waterbody. This was required since the draft Database contains
variable amounts of data for individual waterbodies. There are several ways to produce
such a representative value, with potential advantages and drawbacks to each of these
methods. ENSR developed the following approach for processing of nutrient data from the
database and presented it in the September 30, 1999 meeting. The data for each L/P/R
waterbody were selected and reduced to representative value. The representative values
were pooled to get a population value for each trophic parameter of interest. The geometric
mean was selected as an appropriate indicator of central tendency.
The data selection and reduction sequence is as follows.
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1. Average measurements made on a given station, date/time, and depth. This is done to
take into account the possibility for duplicate sampling/analysis;
2. Select measurements made at each station in the upper 5 meters of the water column
during the summer index period (July-September);
3. Calculate geometric mean of measurements made at a given lake/pond or reservoir during
the summer index period. This minimizes the influence of outliers on the overall indicator for a
given waterbody. The geometric mean was selected as an indicator of central tendency
based on the apparent log-normal distribution of the parameters (see Section 5.2);
4. A population is obtained from the single geometric means of each lake/pond or reservoir.
This ensures that the waterbodies contribute equally to the overall population since some
waterbodies have been sampled more frequently than others.
As was discussed in the Technical Memorandum (1999a), the selection of the period of the
summer index period is consistent with the timing of the more apparent manifestations of
eutrophication (low transparency, nuisance algal blooms) and with greater recreational use
of lakes and ponds. Discussion regarding the advisability of using summer vs. spring
phosphorus concentrations to characterize lakes/ponds is contained in Section 7.1.
It should be noted that the approach followed in this project is very similar but not identical to
a recently proposed draft sequence proposed by the EPA (Gibson, 1999).

4.5

Data Gaps Analysis

The overall objective of the Ambient Nutrient Data Project is to provide a sufficient database
to support decision-making for ecoregional nutrient criteria development in New England. A
Data Gaps analysis was conducted to identify potential data gaps with regard to numbers
and spatial distribution of the waterbodies in the draft Database, with re-examination of
collected (but deferred) data for potential inclusion. However, it should be recalled that the
draft Database is not intended to be a comprehensive compilation of waterbodies in New
England but, rather, a collection of data that provide good representation of the expected
range of trophic state indicators for similar waterbodies in an ecoregion. The following
section describes this process.
4.5.1

Establishment of Target Ranges for Waterbodies

A strategy for identifying the target number of waterbodies was developed as part of the
Technical Memorandum (ENSR, 1999a). Based on estimated numbers of waterbodies in
New England (Larsen et al., 1991, Peterson et al., 1998), a set of target goals were
established to get approximately (5+%) of this estimated population for a sub-sample of the
population. Five percent of the estimated lake population was assumed to be somewhere in
the range of 50 to 250 lakes per ecoregion, with a target goal of 150 lakes to meet the
decision-making needs of the database. For these databases, ENSR proposed that a target
range of 10% of the lakes be reference lakes, with a minimum of 10 reference lakes per
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ecoregion. As noted in the Technical Memorandum, ENSR evaluated the achievability of
these targets in the Data Distribution Report (ENSR, 1999b).
4.5.2

Comparison of Waterbodies in Draft Database with Targets

The first step in the comparison of waterbodies in the draft Database with targets was to
establish the number of lake/ponds found within the four selected ecoregions. The
coordinates of the lakes, ponds and reservoirs were obtained from the state contacts or from
USGS GNIS (see Section 2.2). The EPA ecoregion corresponding to each waterbody was
then identified automatically from its coordinates in ArcView. Eight-digit hydrological units
codes (HUC) were identified in the same manner.
Figure 4-8 shows the distribution of the lakes, ponds and reservoirs by ecoregion from the
draft Database assembled from available electronic data files (i.e., prior to addition of any
hard-copy reports). As can be noted on that figure, all New England ecoregions are fairly
well represented with the exception of the ACPB ecoregion. The number of lakes located in
each of the four major New England ecoregions is given in Table 4-3. Except for the ACPB
ecoregion, the number of lakes in each ecoregion clearly exceeded the target number of
150 waterbodies established in ENSR’s proposed strategy (ENSR, 1999a).

Figure 4-8

Distribution of lakes, ponds and reservoirs in Draft Database prior to adding
hardcopy reports data.
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Examination of the distribution of the waterbodies in Figure 4-8 indicates a wide distribution
of lakes in the northern ecoregions. However, it was noted that the preponderance of lakes
in the southern ecoregions were located either near the northern boundaries of the NECZ
ecoregion or within Rhode Island. There was less representation of waterbodies located in
Massachusetts and Connecticut, with few waterbodies located in more urbanized regions or
in the western regions (i.e., Berkshire/Litchfield Hills) of these states.
The significance of these trends was that it appeared that the NEH waterbody population
was less likely to fully represent the range of nutrient conditions found in the shallow lakes of
urban/residential watersheds typical of many areas of southern New England. Due to their
depth and watershed characteristics, urban lakes are more likely to exhibit elevated levels of
nutrients and/or overabundance of aquatic macrophyte coverage. Similarly, lakes in the
western regions may exhibit different responses to nutrients due to their more calcareous
watersheds (Mattson et al., 1992; Carnavan and Siber, 1994). This potential spatial bias
was also indicated by an apparent under-representation of eutrophic waterbodies (classified
by TP concentrations) found in the draft Database relative to comparison with other New
England trophic status inventories (Peterson et al., 1998). In addition, there was only 1
waterbody representing the ACPB ecoregion. These factors suggested that further
waterbody data from these ecoregions should be considered for inclusion in the draft
Database.
Table 4-3

Comparison of Draft Nutrient Database with L/P/R targets prior to adding
hardcopy reports data.
Target

Database

L/P/R

L/P/R

Atlantic Coastal Pine Barrens

150

1

Laurentian Plains and Hills

150

368

North Eastern Highland

150

513

North Eastern Coastal Zone

150

179

New England Total**

600

1086

Ecoregion

**Numbers for New England include 18 waterbodies in EGLHL ecoregion and 7 waterbodies with no
assigned ecoregion.

4.5.3

Inclusion of Additional Data from Hardcopy Reports

Potential sources of data for the ecoregions in question were identified from existing
hardcopy sources. Qualified data for additional Connecticut lakes/ponds were readily
available from two documents (USGS/CT DEP, 1995; CT DEP, 1998). Data from
Massachusetts waterbodies were also available, but in a more diffuse form – existing as
numerous final reports from Diagnostic / Feasibility Studies conducted under the MA Clean
Lakes Program during the 1980’s and early 1990’s (see listing in Appendix A). These two
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primary sources were used to supplement the draft Database on waterbodies located in the
NECZ, LPH and APCB ecoregions. Selected lake, watershed, and water quality data were
transcribed from these reports for inclusion into the draft Database. Following the inclusion
of this hardcopy data, the Database was compared again to the waterbody targets and
examined for spatial coverage.
The hardcopy data supplemented Database was re-examined for the numerical compliance
and spatial distribution among ecoregions. The coverage of the lakes/ponds in New
England following the inclusion of hardcopy data is shown in Figure 4-8. Comparison
between Figures 4-8 and 4-9 indicates the additional Massachusetts and Connecticut
waterbodies added to the Database. While the number of waterbodies in these two states
are still below those found in the Northern New England States, there is a more uniform
distribution of waterbodies within the states and increased coverage of more urbanized
areas (i.e. in the vicinity of Boston, Hartford) and western regions. Lakes added in these
states were located mostly within the NECZ with a lesser number located in the LPH. In
terms of numerical compliance with targets, the revised Database well exceeds the
minimum number of waterbodies in the proposed targets (Table 4-4).

Figure 4-9

Distribution of lakes, ponds and reservoirs in Draft Database after adding
hardcopy reports data.
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In addition, the revised Database provides sufficient representation of reference
waterbodies. The reference waterbodies indicated in Table 4-4 were identified by the
Regional Nutrient Assessment Team (RNAT) members following review of water quality
data within the draft Database, application of additional knowledge regarding watershed
land use and development, macrophyte abundance, discharge locations, etc., and best
professional knowledge. The individual states’ approaches to establishing reference
waterbody status are discussed in Section 6.2. The number of reference waterbodies met
the target goals for 3 of the 4 ecoregions. It should be noted that in the course of the RNAT
review of waterbodies for potential inclusion as reference, the overall number of waterbodies
was refined (e.g., ponds that in reality were wetlands were identified and removed from the
Database). Thus, both the number of waterbodies and reference waterbodies was
considered acceptable for the LPH, NEH, and NECZ ecoregions. No further inclusion of
additional hardcopy data was required for these areas.
Table 4-4

Comparison of Draft Database with L/P/R targets after adding hardcopy reports
data.
Target

Database

Target

Database

L/P/R

L/P/R

Ref L/P/R

Ref L/P/R

Laurentian Plains and Hills

150

368

15

162

North Eastern Highland

150

533

15

195

North Eastern Coastal Zone

150

223

15

38

New England Total

600

1124

60

395

Ecoregion

In contrast, comparison of the Database to the targets shows significant underrepresentation of the ACPB ecoregion. Only six waterbodies were included following
inclusion of the hardcopy reports and no reference waterbodies were identified. There are
several potential reasons why there is insufficient data for this ecoregion. One apparent
reason is that it is the smallest of the Level 3 Non-Aggregated ecoregions in New England.
It is more-or-less restricted to Cape Cod, the Islands, and a small portion of southeastern
Massachusetts. The geomorphology and soils of these areas also tend to reduce the size of
the lakes and watersheds in this region, as many of the lakes are a direct result of glacial
activity and a predominance of groundwater-fed “kettlehole” lakes exists. In addition, this
area is more susceptible to low pH conditions. These may be causal factors in explaining
why nutrient eutrophication is less prevalent in the region, perhaps resulting in a reduced
number of investigations.
Another contribution is the lack of easily accessible data on the lakes of the Cape. The
Cape Cod Commission (CCC) is in possession of considerable data, but the data is not
electronically available or organized into easily accessible reports (Ed Eichner, CCC, pers.
comm.). Other potential sources include studies done on or near the Massachusetts Military
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Reservation (Spence Smith, pers. comm.) and data from waterbodies in or near the
National Seashore park (John Portnoy, pers. comm.). This suggests that there is some
additional data, but it is clear that even with this data, the ACPB data target of 150
waterbodies is unlikely to be reached. Further investigation and inclusion of additional data
for this ecoregion may be warranted at some future date, but is outside the scope and level
of effort in the present program. It was concluded that this data gap would not be addressed
within the confines of the present program. Accordingly, the ACPB waterbodies were
deferred from the Database.
4.5.4

Summary of Data Gaps Analysis Results

A Data Gaps Analysis was conducted on the draft Nutrient Database to identify its
sufficiency regarding representation of ecoregions, numbers of waterbodies, and numbers of
reference waterbodies. An initial evaluation of the draft Database indicated numerical
deficiency for lakes/ponds in the ACPB ecoregion and for rivers and streams in general.
The numerical targets for waterbodies were met for the LPH, NEH, and NECZ ecoregions,
but the spatial distribution of waterbodies in the latter suggested an under-representation of
lakes/ponds from Connecticut and Massachusetts’s urban/residential areas and western
regions. Hardcopy data were obtained for these two states and applied to the draft
Database. A re-evaluation of the hardcopy-supplemented Database indicated that target
numbers for waterbodies and more uniform spatial representation were achieved for the
LPH, NECZ, and NEH ecoregions. In addition, reference waterbodies (as identified by
Regional Nutrient Assessment Team members) for these ecoregions exceeded target
numbers. Severe data deficiencies still exist for lakes/ponds in the ACPB ecoregion and for
Rivers/Streams in general. Both categories were deferred from further analysis. Following
the additions and refinements discussed above, the resultant Database was designated as
the draft final Nutrient Database for the purposes of statistical summary (Section 5.0) and
preliminary draft criteria development (Section 6.0).
The draft final Nutrient Database was distributed to RNAT members with the draft Data
Synthesis Report. As part of their review, RNAT members reviewed data for L/P/R
waterbodies in their states and reported any discrepancies to ENSR. Following resolution of
these discrepancies, the Nutrient Database was finalized and released as the New England
Nutrient Database – Lakes/Ponds/Reservoir; Version 1.0 on CD-ROM format in April 2000.
.
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5 Summary Statistics
The finalized Nutrient Database for L/P/R waterbodies represents a large compilation of
recent water quality data from New England lakes, ponds and reservoirs, collected from
a multitude of sources that includes federal and state agencies, academic institutions,
volunteer monitoring groups and Tribal Indian Nations. The nature and characteristics of
the L/P/R waterbodies in the Nutrient Database are discussed in Section 5.1. Water
quality characteristics for New England and the three major ecoregions of interest (LPH,
NEH, NECZ) are presented in Section 5.1.2. Trophic state classification of the
waterbodies is considered in Section 5.2.2.

5.1
5.1.1

Characteristics of Waterbodies in Nutrients Database
Lake Size and Depth

The distribution of morphological parameters (i.e., size and depth) for the waterbodies in
the Nutrient Database are presented in Table 5-1. The size of lakes ranged from <1 ha
to more than 30,000 ha, with a mean depth ranging from 20 cm to 42 m. It can be seen
that the two northern ecoregions (LPH, NEH) contain populations of larger and deeper
lakes (median surface area, 64-133 ha; median depth, 4.3-4.4 m as compared to the
southern ecoregion (NECZ) lakes (median surface area 29 ha; median depth, 2.8 m). In
addition, the largest lakes were located in the northern ecoregions. These values
suggest that the northern ecoregions are more likely to contain more thermally stratified
waterbodies than the southern ecoregions, but stratification status was not determined
for the waterbodies in question. Potential differences in water chemistry between lakes
in the northern and southern ecoregions were further evaluated below (Section 5.2).
Table 5-1

Size and depth of lakes, ponds and reservoirs in the Nutrient Database.

Ecoreregion/
Statistical Parameter
Arithmetic Mean
Median
Std. Dev.
Min
Max
No. Reported

5.1.2

Total 3
Ecoregions
328.2
66.0
1349.2
0.4
30876.0
1072

Lake Area (ha)
LPH
NECZ
433.8
133.0
919.6
1.0
7405.0
350

72.1
28.9
160.2
1.0
1673.4
204

NEH
357.8
64.0
1776.4
0.4
30876.0
518

Total 3
Ecoregions
5.2
4.1
4.1
0.2
42.7
996

Lake Mean Depth (m)
LPH
NECZ
5.2
4.3
3.5
0.6
24.2
350

3.5
2.8
2.6
0.7
16.3
146

NEH
5.7
4.4
4.7
0.2
42.7
500

Land Use

An important determinant of water quality for a lake/pond is the land use occurring in the
watershed. As shown previously, the land use differs among the four ecoregions (see
Figure 4-6). Determination of land use in the watersheds of the waterbodies in the
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Nutrient Database was not feasible due to the non-availability of electronically-delineated
watershed maps. However, as an indicator of potential land use/land cover in the
vicinity of the lakes/ponds in the Nutrient Database, a buffer of 5 km radius was defined
in GIS around the center of each lake/pond. The relative importance of major land
use/land cover groups was determined for that buffer area using ArcView coverages of
land use in New England (EPA, 1999c). Land use/land cover distributions were
compared for waterbodies in the various ecoregions to determine if differences could be
noted among lakes found in each of the ecoregions in terms of typical land use/land
cover in the vicinity of the lakes. The results of the analysis are presented in Figure 5-1.
The figure presents the average land use/land cover distributions within the buffer zone
around each of the lakes within a given ecoregions.
100%

90%

80%

70%

Wetland
Recreational

60%

Agricultural
Woody

50%

Shrubland
Forested
Barren

40%

Commercial
Residential

30%

20%

10%

0%
Laurentian Plains and Hills

Figure 5-1

North Eastern Highland

North Eastern Coastal Zone

Land use in 5-km buffer zone around lakes, ponds and reservoirs of three
New England Ecoregions.

Figure 5-1 shows land use/land cover distributions are fairly consistent for the LPH and
NEH ecoregions but that lake buffer zones within the NECZ ecoregion contains a higher
fraction of residential and commercial areas than LPH and NEH. This provides some
indication of the potential determinant factors for water quality in these ecoregions.

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

33

May, 2000

5.2

Water Quality

The water quality data of the waterbodies contained in the Nutrient Database were
characterized. The data processing sequence presented in Section 4.4 was applied to
the waterbodies for derivation of representative values of the four key trophic
parameters. The dataset population obtained is composed of one representative value
per lake, pond or reservoir, using the geometric mean of all measurements taken in the
upper 5 meters during the summer index period as the indicator of central tendency. A
summation of the geometric means for th L/P/R watershed in the Nutrient Database are
contained in Appendix C, Table 3.
The waterbody geometric means for the four key trophic parameters in the Nutrient
Database are shown in Figures 5-2 to 5-5. These figures show the frequency
distribution of geometric means of TP, TN, chl a, and SDT, respectively, in lakes/ponds
of the Nutrient Database.
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Figure 5-2

Frequency distribution of Total Phosphorus measurements in lakes, ponds
and reservoirs in New England.
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Figure 5-3

Frequency distribution of Total Nitrogen measurements in lakes, ponds and
reservoirs in New England.
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Figure 5-4

Frequency distribution of Chlorophyll a measurements in lakes, ponds and
reservoirs in New England.
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Figure 5-5

Frequency distribution of Secchi Disk Transparency measurements in
lakes, ponds and reservoirs in New England.

These figures indicate that all four populations of lake/pond parameters were lognormally distributed; strongly so for the nutrients and chlorophyll, and to a lesser degree
for the transparency data. The shape of the data distributions do not indicate a bimodal
distribution indicative of a clear underlying division among lakes in different regions or
lake size classes. Based on these distributions, it appears that differences among
ecoregions or lake classes are not likely to be of an order of magnitude, as seen in some
regional lake classification schemes (e.g., Minnesota lakes described by Heiskary et al.,
1987; 1988). This suggested that If an underlying differentiation existed, it was likely to
be a more graduated response function. Parameters were separated into different
ecoregions and classes to investigate this possibility.
5.2.1

Distributions of Trophic Parameters by Ecoregion

The distribution of the key trophic parameters (TP, TN, chl a, SDT) was considered by
ecoregion (Figures 5-6 to 5-9). These figures indicate that some parameters were
strongly influenced by ecoregion while other parameters showed little separation among
areas. Figure 5-6 displays the distribution of TP values across the three ecoregions
with the lines indicating a computer-generated polynomial best fit solution to the data.
Figure 5-6 indicates that while there is great overlap in values for the three ecoregions,
the phosphorus values increase going from NEH to LPH to NECZ. In particular, the
NECZ distribution is flatter and skewed to the higher values (note higher fraction of
values > 50 ug/l). This pattern suggests that underlying patterns do exist for phosphorus
concentrations in the waterbodies among ecoregions.
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Figure 5-6

Frequency distribution of Total Phosphorus measurements in lakes, ponds
and reservoirs for the three main ecoregions of New England.
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Figure 5-7

Frequency distribution of Total Nitrogen measurements in lakes, ponds and
reservoirs for the three main ecoregions of New England.
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A slightly different pattern is displayed for TN (Figure 5-7). In this case, the TN values
between the NEH and LPH are nearly coincident, with the only observable difference
between those two and the NECZ. Interpretation of this curve should be tempered by
the recognition of the smaller dataset available for TN in the Nutrient Database,
however.
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Figure 5-8

Frequency distribution of Chlorophyll-a measurements in lakes, ponds and
reservoirs for the three main ecoregions of New England.

The pattern of chl a in New England lakes/ponds provides a contrast to the nutrient data
(Figure 5-8), with little difference among the distributions of the three ecoregions. NECZ
contains a higher proportion of the lowest and highest values, displaying a more
complex pattern than for the nutrients.
Figure 5-9 shows the greatest contrast between regions for the trophic parameters
occurs for SDT measurements. The SDT values of the NECZ zone peaking in the 2-3 m
range, while the LPH and NEH medians are in the 4-5 m range. These trends are
consistent with the shallower depth typically found in the NECZ lakes/ponds (Table 5-1),
at least a portion of which are man-made impoundments, and because the maximum
value that can be observed depends largely on a lake’s depth. Figures 5-6 to 5-9
indicate some apparent differences between the ecoregions, with regard to at least
some of the trophic parameters. This analysis was extended to consideration of
ecoregion based statistical indicators (see Tables 5-2 through 5-5) in New England
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lakes/ponds. It should be noted that the numbers of waterbodies for which a particular
parameter was analyzed differed between trophic parameters (i.e., most waterbodies
had 3 of 4 trophic parameters, but not all).
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Figure 5-9

Frequency distribution of Secchi Disk Transparency measurements in
lakes, ponds and reservoirs for the three main ecoregions of New England.

Table 5-2

Statistical Summary of Total Phosphorus by Ecoregion.

Ecoreregion /
Statistical Parameter
Arithmetic Mean
Median
Std. Dev.
Min
Max
No. Lakes, Ponds and Reservoirs

Total 3 Ecoregions

LPH

NECZ

NEH

15.18
10.00
22.37
0.95
376.25
928

13.36
10.81
9.93
2.00
87.12
284

26.38
14.35
41.27
0.95
376.25
219

10.62
8.78
8.01
1.00
77.94
425
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Table 5-3

Statistical Indicators of Total Nitrogen by Ecoregion.

Ecoreregion /
Statistical Parameter
Arithmetic Mean
Median
Std. Dev.
Min
Max
No. Lakes, Ponds and Reservoirs

Table 5-4

LPH

NECZ

NEH

484.70
370.00
401.59
20.00
3796.77
319

378.76
300.00
301.31
153.00
1770.00
29

588.27
447.83
468.85
122.92
3796.77
177

349.66
300.00
227.00
20.00
1877.39
113

Statistical Indicators of Chlorophyll a by Ecoregion.

Ecoreregion /
Statistical Parameter
Arithmetic Mean
Median
Std. Dev.
Min
Max
No. Lakes, Ponds and Reservoirs

Table 5-5

Total 3 Ecoregions

Total 3 Ecoregions

LPH

NECZ

NEH

5.47
3.70
8.36
0.10
172.25
911

5.36
3.95
5.24
0.80
50.57
270

7.52
4.08
14.56
0.20
172.25
221

4.46
3.47
4.41
0.10
51.65
420

Statistical Indicators of Secchi Disk Transparency by Ecoregion.

Ecoreregion /
Statistical Parameter
Arithmetic Mean
Median
Std. Dev.
Min
Max
No. Lakes, Ponds and Reservoirs

Total 3 Ecoregions

LPH

NECZ

NEH

4.13
3.94
2.07
0.39
13.70
1052

4.73
4.48
2.08
0.71
13.70
340

2.71
2.34
1.58
0.39
9.14
221

4.36
4.09
1.97
0.63
13.24
491

Again it should be noted that the values displayed in Tables 5-2 to 5-5 represent the
statistical profile of the set of representative values (i.e., geometric means of data in the
0-5 m profile of lakes/ponds during the July-September index period).
To evaluate the significance of the differences shown in Tables 5-2 to 5-5, the median
values of the trophic parameters were statistically tested to detect significant differences
between medians of different ecoregions. Use of a two-sample t-test requires that the
two sampled populations be normally distributed and have equal variances,
characteristics not met by the trophic parameters in the Nutrient Database. Therefore, in
order to determine if a difference exists between two populations, the nonparametric
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analogue (Mann-Whitney) to the two-sample t-test was employed. As for many other
nonparametric procedures, the actual measurements are not employed, instead the
ranks of the measurements are used. The Mann-Whitney test statistic is the U metric. If
the calculated U is greater than the test statistic U, the null hypothesis (no difference in
the two populations) is rejected. A comparison of all possible pairing of the ecoregions
was conducted.
Table 5-6 presents the results of the pair-wise Mann-Whitney test with a statistical
significance of alpha equal to 0.05, and show statistical differences exist between at
least some of the ecoregions. Significant differences in total phosphorus concentrations
exist between all three ecoregions (p < 0.05). A significant difference was recorded
between LPH and NECZ (p < 0.05) and NEH and NECZ (p < 0.05) in total nitrogen
concentrations. There was no difference between LPH and NEH regions. Chlorophyll a
concentrations differed significantly between NEH and NECZ (p = 0.0054) and LPH and
NEH (p = 0.0059). No difference was noted between LPH and NECZ. Secchi disk
transparency differed significantly between all three ecoregions (p < 0.05).

Table 5-6
Total Phosphorus
Total Nitrogen
Chlorophyll a
Secchi Disk

Results of Mann-Whitney Test for Comparisons Among Ecoregions
LPH vs NECZ
0.0001*
0.0001*
0.6325
0.0001*

NECZ vs NEH
0.0001*
0.0001*
0.0054
0.0001*

LPH vs. NEH
0.0001*
0.8218
0.0059
0.0105

* = test is significant at p >0.0001.
Shading indicates significance at alpha = 0.05

The median values were also compared to other available data of general coverage in
New England, specifically the EMAP database developed by Peterson et al., (1998) as
an approximation of lake/pond conditions in New England (Table 5-7). The EMAP
project also used ecoregions to differentiate areas, but did not use the EPA Level 3 Nonaggregated Ecoregions. Two of the EMAP ecoregions used - New England Uplands
(NEU), and Coastal Lowland Plains (CLP), correspond approximately to a combination
of the LPH and NEH, and NECZ, respectively. Comparison between these pairings
shows similarity between the characteristics of the NEU and LPH/NEH ecoregions, while
the CLP and NECZ show more eutrophic conditions. The higher levels found in the CLP
may be due to the fact that this ecoregions extends southward along the Atlantic
Seaboard and includes lakes/ponds in urbanized areas of New York and New Jersey.
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Table 5-7

Comparison of NE Nutrient Database with EMAP Data
Median

Median

Median

Median

TP (ug/l)

TN (ug/l)

Chl a (ug/l)

SDT (m)

Data Source

Ecoregion

EMAP Database

NEU

10.7

341

4.6

2.7

(Peterson et al. 1998)

CLP

26.0

502

7.7

1.5

NE Nutrient Database

LPH

10.8

300

4.0

4.5

NEH

8.8

300

3.5

4.1

NECZ

14.4

448

4.1

2.3

NE Total

10.0

370

3.7

3.9

Notes:
NEU = Northeastern Uplands
CLP = Coastal Lowland and Plateau
LPH = Laurentian Plains and Hills

5.2.2

NEH = North Eastern Highland
NECZ = North Eastern Coastal Zone

Trophic Classification of Waterbodies

One of the more powerful paradigms in limnology is the concept and classification of
lakes as to their so-called trophic state. A trophic state classification is typically based on
a generally recognized set or range of chemical concentrations and physical and
biological responses. Lakes are generally classified as oligotrophic, mesotrophic, or
eutrophic; the three states representing a gradient between least affected to most
impacted waterbodies. Classification is based on the proximity of a lake’s chemistry and
biology to the list of characteristic for a specific trophic type.
Classification may be based on both quantitative (e.g., chemical concentrations,
turbidity) and/or qualitative factors (e.g., presence of pollution-tolerant species, aesthetic
appearance). While this system is widely accepted, there is no consensus regarding the
absolute nutrient or trophic parameter value that defines a waterbody trophic state,
although some guidelines have been suggested (see Section 2.0 in the Nutrient Criteria
Technical Guidance Manual: Lakes and Reservoirs (EPA, 1999)). Indeed, it should be
remembered that classification of lakes into the categories produces an arbitrary
difference among lakes that may show very little differences in nutrient concentration.
Despite its limitations, the trophic state concept is easily understood and widely used by
limnologists, lake associations, state agencies, etc., to classify lakes and manage lakes.
Application of a trophic state classification to the New England Nutrient Database is
useful for a number of reasons. It provides a simple, comprehensible index of the water
quality of lakes within an ecoregion. It allows comparison with previously classified L/P/R
waterbodies. Finally, it can be used as an indirect means of linking impairment of
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designated uses with critical nutrient levels or threshold values (i.e., the transition from
one trophic state to another is likely associated with effects on designated uses).
As part of the evaluation of the Nutrient Database, waterbodies were classified
according to the Carlson Trophic State Index (TSI), a widely used indicator of trophic
state (Carlson 1977),. Carlson’s TSI is a plant biomass-based index that relates the
relationship between trophic parameters to levels of lake productivity. The TSI method
provides three equations relating log-transformed concentrations of TP, chl a, and SDT
to algal biomass, resulting in three separate TSI scores (e.g, TSI(TP), TSI(chl a),
TSI(SDT)). The three equations are scaled such that the same TSI value should be
obtained for a lake regardless of what parameter is used. Comparison of the results of
the TSI system to more traditional trophic state classification identified TSI scores that
are associated with the transition from one trophic state to another (Carlson, 1977).
For purposes of this report, we used a system assuming thresholds or criteria for the
transition from a oligotrophic to mesotrophic state (estimated as a TSI value of 35) and
for transition from a mesotrophic state to a eutrophic state (estimated as a TSI value of
50).
These criteria are generally consistent with those contained in Table 7.2 of
Technical Guidance Manual (U.S. EPA, 1999a), although that table suggests more
intermediate transition states as well. Table 5-8 indicates the numeric values for TP, chl
a and SDT that correspond with TSI criterion values of 35 and 50 used to identify
potential trophic status. For example, insertion of a value of 20 ug/l of TP into the TSI
equation results in a TSI(TP) score of 47.3 and a mesotrophic status.
The selected TSI thresholds are based on general lake attributes and are not specific to
the New England ecoregions. Alternative numeric criteria could be used equally as well,
and development or refinement based on ecoregion specific information regarding
trophic response and/or protection of designated uses is a specific goal in the
development of final ecoregional criteria. However, Table 5-8 represents a first
approximation of the trophic status for purposes of comparison between ecoregions and
historic data.
Table 5-8

Trophic Status Classification based on water quality variables
Variables
TP (ug/l)
Chl a (ug/l)
SDT (m)

Oligotrophic
(TSI < 30)
<10
<1.5
>6

Mesotrophic
(30 < TSI < 50)
10-24
1.5-7.2
2-6

Eutrophic
(TSI > 50)
>24
>7.2
<2

This system was applied to waterbodies and data contained in the Database. Trophic
status was estimated, based on the geometric mean of each TP, chl a, and SDT
measurements taken during the summer index period in the upper 5 meters of the water
column.
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Figure 5-10 shows the distribution of trophic status in New England Lakes, Ponds and
Reservoirs of the Nutrient Database for the three trophic parameters, TP, chl a, and SDT
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
CHLA

SDT

TP

Eutrophic

155

174

119

Mesotrophic

736

778

391

Oligotrophic

73

185

443

.

Figure 5-10 Distribution of lakes, ponds and reservoirs by Trophic Status Class.
A breakdown of trophic status according to ecoregion is contained in Table 5-9. In this
table the classifications according to each trophic parameter are indicated. No average
value was generated as the TSI values are designed to be considered independently of
each other. [Note: comparison can be made across ecoregions based on a single
trophic parameter, however]. For comparative purposes, the percentage of reference
and impacted lakes/pond identified for each ecoregion are also included on Table 5-9.
Reference classifications were designated through a combination of data review and
BPJ as described in Section 6.2. Impacted status was determined by listing of the
waterbody on the current 303(d) list based on nutrient-related factors. The
interrelationship of the trophic status for a waterbody as indicated by the three different
trophic parameter TSI score was not probed in this analysis and merits further
investigation. Similarly, comparison between the trophic state distributions and the
designated reference and impacted L/P/R waterbodies should be further considered.
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Table 5-9:

Predicted Trophic State based on New England Nutrient Data (trophic state
determined by TSI criterion values of 35, 50).
Ecoregions

Parameter

Trophic Status

NE

LPH

O

M

E

O

M

TP

47%

41%

13%

40%

Chl a

8%

76%

16%

3%

SDT

16%

68%

15%

21%

Notes:
NE = New England Total
LPH = Laurentian Plains and Hills
NEH = North Eastern Highlands
NECZ = North Eastern Coastal Zone

NEH
E

O

M

51%

8%

62%

80%

17%

9%

72%

7%

18%

NECZ
E

O

M

E

33%

6%

27%

44%

29%

81%

10%

12%

64%

24%

72%

10%

4%

55%

41%

O = Oligotrophic
M = Mesotrophic
E = Eutrophic

The trophic classification generated by the Nutrient Database was compared with the
EMAP data (Peterson et al., 1998) and ecoregions considered previously in Table 5-7.
Table 5-10 compares the distribution of trophic states between ecoregions. Only the TSI
(TP) values were used for comparison since this was the trophic classification method
used by Peterson et al. (1998). As in Table 5-7, there is good comparability between the
breakdown of trophic states in the NEU and LPH/NEH and CLP and NECZ pairings. As
noted earlier, the higher percentage of eutrophic waterbodies in the CLP may be due to
inclusion of waterbodies located in nutrient-rich urban watersheds located in coastal
New York and New Jersey.

Table 5-10: Comparison of NE Nutrient Database with EMAP Data
Oligotrophic

Mesotrophic

Eutrophic

Ecoregion

Waterbodies

Waterbodies

Waterbodies

EMAP Database

NEU

48.5%

48.4%

3.1%

(Peterson et al. 1998)

CLP

24.8%

30.1%

45.1%

NE Nutrient Database

LPH

40.4%

51.2%

8.4%

Data Source

NEH

61.8%

32.6%

5.6%

NECZ

26.9%

44.3%

28.8%

Notes:
Trophic status is based on TSI (TP) values.
NEU = Northeastern Uplands
CLP = Coastal Lowland and Plateau
LPH = Laurentian Plains and Hills
NEH = North Eastern Highland
NECZ = North Eastern Coastal Zone
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6 Preliminary Draft Nutrient Criteria Development
This section pertains to the derivation of preliminary draft nutrient criteria for New England
lakes/ponds. Section 6.1 introduces the major approaches used to derive preliminary draft
nutrient criteria. Section 6.2 contains information on the identification of reference and
impacted waterbodies used to support criteria development. Section 6.3 develops
preliminary draft nutrient criteria through consideration of statistical indicators of reference
and general waterbody distribution. Section 6.4 discusses criteria development through
consideration of designated uses and literature threshold values. This approach requires
further strengthening of the linkage between nutrient levels and effects on designated uses.

6.1

General Approaches to Nutrient Criteria Development

While the need for development of nutrient criteria is clearly needed, the most appropriate
method to achieve this goal has not been well established. Several regional or lake-specific
approaches have been successfully implemented, but there is no clear consensus among
states or federal agencies regarding the best means to accomplish this goal, due to the
difficulty in defining precisely what concentrations will be protective of waterbodies’ water
quality as well as their designated uses. Given this level of uncertainty, a conservative way
to proceed is through derivation of nutrient criteria via several methods using a “weight-ofevidence” approach to establish targets.
The Nutrient Criteria Technical Guidance Manual: Lakes and Reservoirs (EPA, 1999)
suggests several approaches to derivation of nutrient criteria and contains a useful
compendium of case studies. Two of the methods described in the Lake and Reservoir
Technical Guidance Manual were investigated and discussed at meetings with the Regional
NAT. The two methods investigated were the use of target percentile (i.e., “Statistical
Method”) and consideration of designated uses (i.e., “Designated Use Method”).
Both
methods are discussed briefly below.
The Statistical Method uses two approaches for determining candidate reference condition
values for TP, TN, chl a and SDT, and relates these reference conditions to desired nutrient
ranges. In both cases, the goal is to select the threshold value from available data for a
given category of L/P/R waterbodies. The EPA defines reference a condition as that
representative of the least impacted conditions or what is considered to be the most
attainable conditions for lakes within a state, or ecoregion. Reference conditions were
established by a variety of different methods (see Section 6.2).
The first approach of the Statistical Method consists in selecting a percentile from the
distribution of measured variables (in this case geometric means of trophic parameters of
interest) from known reference lakes, (i.e., the highest quality or least impacted lakes). Since
these lakes are already considered to be in an ideal state or at least as close as can be
reasonably achieved, the approach suggests using a higher percentile of nutrient conditions
as the reference condition. The Lake and Reservoir Technical Guidance Manual suggests
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the 75th percentile, although this is an arbitrary value and could be replaced with higher or
lower percentiles, as considered appropriate.
The second approach suggested by the Statistical Method consists in selecting a percentile
from the distribution of measured variables for a general population that includes all
lakes/pond within a region or class. In this case, the percentile level chosen should be
higher since the population contains a mix of degraded (impacted) and cleaner (reference)
lakes. The Lake and Reservoir Technical Guidance Manual recommends the use of the 25th
percentile. However, if almost all reference lakes within the population are felt to be
impacted to some extent, the EPA guidance document suggests that the 5th percentile
should be used instead. Figure 6-1 graphically summarizes the two approaches of the
Statistical Method.

2
25%

1
75%
1

2

Reference lakes
distribution

High water quality

All lakes
distribution

Low water quality
25

30

35

40

TP (ug/L)

Figure 6-1

Two approaches for finding reference condition value for total phosphorus.

The second method considered in the Lake and Reservoir Technical Guidance Manual is
not statistical in nature, but rather seeks to establish a linkage between nutrient
concentrations with protection of critical waterbody functions and services, so-called
designated uses, protected by water quality standards. In the Designated Use Method,
literature values are used to establish nutrient levels that are expected to support water
quality-related designated uses. These threshold values are those considered in the
development of nutrient criteria. For purposes of this report, literature values were used
based on associated trophic states and inferred effects on designated uses. To develop
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ecoregional nutrient criteria, a more direct linkage between nutrient levels and effects on
designated uses in New England lakes needs to be established. Developing this linkage is
considered a high priority for future criteria development.

6.2

Identification of Reference, Test, and Impacted Waterbodies

The initial step in the Statistical Method is the establishment of reference waterbodies in
order to establish the “reference” population used for the first approach. A related step is
the identification of impacted waterbodies. Although not suggested by the Lake and
Reservoir Technical Guidance Manual, identification of impacted waterbodies was devised
as a way of checking the relative level of eutrophication in the general lakes/ponds
population.
To establish reference waterbodies, RNAT members and/or designated State experts were
asked to evaluate a state-specific list of waterbodies retained in the final Nutrient Database.
They were asked to identify the reference lakes as those most likely to represent “ideal” or
most desirable conditions based on their state-specific methods and/or best professional
judgment.
Water quality information provided to the experts included minimum value,
maximum value, and arithmetic and geometric means of TP, TN, chl a, and SDT of the
waterbody (see Appendix C, Table 3). Similarly, State experts were also asked to identify
“impacted” waterbodies as those that show signs of nutrient-related problems. Information
provided to the experts included whether the waterbody was currently listed on the 303(d)
list for nutrient-related factors as indicated on Table 6-1. Accordingly, all lakes, ponds and
reservoirs listed in the Nutrient Database were classified by the state experts as “reference”,
“impacted” or “test”. The “test” category simply pertains to those waterbodies that are
considered neither reference nor impacted. Table 6-2 contains a list of the number of L/P/R
waterbodies identified as reference, test, or impacted in each of the three ecoregions of
interest.
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Table 6-1

Nutrient Related Factors Included in current EPA 303(d) Listings of Impaired
Waters of New England States

Criteria

CT

Ammonia (unionized)

ME

X

Algae

MA

NH

X

Hypoxia

X

Impaired Biologic Community

X

X

X

X

Nitrogen

X

Noxious Aquatic Plants

X

Nutrients

X

X
X

X

Nitrates

VT

X
X

Dissolved Oxygen (low)

RI

X

X

X
X

X

Organic Enrichment/ Low DO

X

X

X
X

Organic Enrichment Sediments

X

Phosphorus

X

X

X

Suspended Solids

X

X

X

Turbidity

X

X

X

The basis for assessment of reference and impacted conditions differed slightly from state to
state. The assessment of the lake’s conditions were generally based on consideration of a
combination of factors such as the typical nutrient concentrations measured, amount of
shoreline development and land use, discharges, observed macrophyte coverage, etc, as
well as application of BPJ. The state-specific approaches are described below.
6.2.1

Connecticut

Connecticut generally identified reference lakes/ponds on the basis of water quality
information, the results of Clean Lake Study Reports, the amount of watershed
development, and BPJ. Identification of impacted waterbodies used the information above,
as well as the abundance of macrophytes, presence of stormwater and/or wastewater
discharges, and high levels of shoreline development. Based on the evaluation, several
reference waterbodies were identified that appear to have natural mesotrophic conditions
including abundant macrophytes.
6.2.2

Maine

Maine has previously developed a protocol called the “Watershed Development Ranking”
(Roy Bouchard, pers. comm.) for identifying levels of anthropogenic influence on a
waterbodies which are not impoundments for hydroelectric generation or run-of-river lakes
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with rapid flushing rates (e.g., greater than 30 flushing/year). This qualitative assessment,
largely based on watershed assessment on observable topographic map features, ranks
waterbodies from 1 (“very low development”) to 5 (“highly developed”). This ranking is
based on a set of watershed features including: watershed population density, road access
to shoreline, shoreline development, accessibility of watershed via public roads, amount of
agricultural activity, presence of point sources or known significant disturbances, and record
of internal phosphorus recycling or known algal bloom problems (if available). The
watershed development rankings were then converted. Lakes/ponds with “Very Low
Development” or “Low Development” were identified as reference; lakes/ponds with
“Medium development” were considered test lakes, and lakes/ponds with “Significant
Disturbance” or “Highly Developed” rankings were identified as impacted.
6.2.3

Massachusetts

Massachusetts generally identified reference lakes/ponds on the basis of the water quality
information, the results of Diagnostic/Feasibility (D/F) Study Reports, the amount of
watershed development, and predominant water use (e.g., public water supply).
Identification of impacted waterbodies used the information above, as well as the
abundance of macrophytes, presence of stormwater, and high levels of shoreline
development.
6.2.4

New Hampshire

New Hampshire based its reference and impacted assessments using current water quality
data (chl a and phosphorus). Since the assessments were based on chl a and phosphorus,
the designated uses that would be impacted by high values are drinking water and
swimming. Chl a (phytoplankton biomass) was the only biological criterion used.
Macrophytes were not considered in the development of reference conditions, as
macrophyte growth is considered dependent on substrate type, water depth, etc and not on
water column nutrient concentrations. [Note: macrophyte abundance is regularly considered
as part of New Hampshire lake trophic classification protocol (Robert Estabrook, pers.
comm.)] Impacted lakes were identified by presence of the 303(d) list.
6.2.5

Rhode Island

Rhode Island based on its reference and impacted assessments using water quality, algal
blooms, macrophyte abundance, level of development in the watershed, and seasonal
anoxia as evaluation factors. Some of the reference lakes were shallow or in urban settings,
and identified as “good water quality for shallow pond”; good water quality for urban pond”).
6.2.6

Vermont

In Vermont, reference lakes were identified on the basis of: level of watershed development
(i.e., amount of developed (non-forested) land in the watershed was < 10%; origin of the
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lake outlet (i.e., natural outlet with or without some artificial control; no entirely artificial
impoundments); level of shoreline development (density of shoreline camps < 1 camp per
10 acres of lake surface area); and level of disturbance (i.e., no known significant human
effects on the lake from causes such as recent heavy logging in the watershed, direct
highway erosion, or large water level fluctuations). The lakes assessed as “impacted” were
lakes listed in Vermont’s 303d list as being impaired (i.e., not meeting Vermont Water
Quality Standards) because of phosphorus over-enrichment and algae problems.
Table 6-2

L/P/R waterbodies identified as Reference, Test, and Impacted by ecoregion.
LPH

NECZ

NEH

Reference

162

38

195

Test

123

142

295

Impacted

83

43

43

Total

368

223

533

6.3

Application of Statistical Method to Develop Preliminary Draft Criteria

The reference, test, and impacted L/P/R waterbody classification scheme developed in the
process described in Section 6.2 was used to develop preliminary draft nutrient criteria. One
of the assumptions of this approach to nutrient criteria development is that differences exist
between reference lakes and the rest of the population. In order to verify this hypothesis, the
reference population formed by the lakes, ponds and reservoirs identified as “reference”
lakes by the state experts was compared to the general population of lakes in New England
for each of the trophic parameters. Figures 6-2 to 6-5 illustrates that comparison for TP, TN,
chl a and SDT, respectively, where cumulative frequency distributions are given for the
reference, general (“all”), lake populations. On these figures the 75th percentile for the
reference lake population and the 25th percentile for the general lake population are
indicated, as are the corresponding parameter values. The impacted lake population was
also included for comparative purposes. Note that these percentiles are not used for SDT,
where higher values denote higher transparency and better water quality. In that case, the
75th percentile for the reference and 25th percentile for the general lake population was used.
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measurements for reference, impacted and all lakes populations.
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Figures 6-2 to 6-5 show differences in the cumulative frequency distributions of the
reference and general populations for all four selected trophic parameters. As expected
even greater differences are seen between the reference and impacted lake populations. It
can be seen that that for TP, chl a and TN, the 25th percentile of the general lake population
is lower than the 75th percentile of the reference lakes. In the case of SDT depth, the
distinction between impacted and reference lake populations is less pronounced. This is
most likely due to the strong influence of lake depth has on the measured SDT. To test this,
the shallow (<5 m mean depth) and deep (>5 m mean depth) lakes were segregated.
Figure 6-6 shows the distributions broken down in shallow and deep lakes with an expected
separation of these two groups of distributions.
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Figure 6-6

6.3.1

Distribution of SDT measurements by lake depth category (shallow and deep),
for reference, impacted and all lakes populations.

Nutrient Ecoregions

Based on the analysis conducted in Section 5.3 (see Table 5-6), significant statistical
differences occur between ecoregions for many of the trophic parameters. Figures 6-7 to 610 show the comparison of the distribution of trophic parameters measurements for the four
New England nutrient ecoregions. Note that this data is similar to that displayed in Figures
5-6 to 5-9, but has been plotted to allow easier comparison between ecoregions.
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Figure 6-7

Comparison of distribution of Total Phosphorus measurements for New
England nutrient ecoregions.
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Comparison of distribution of Chlorophyll-a measurements for New England
nutrient ecoregions.
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Figure 6-10 Comparison of distribution of Secchi Disk Transparency measurements New
England nutrient ecoregions.
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Figures 6-7 to 6-10 generally show slight difference between the New England Highland
(NEH) and Laurentian Plains and Hills (LPH) ecoregions. The New England Coastal Zone
(NECZ) however, consistently shows a distribution characterized by lower water quality (i.e.
higher concentrations of TP, TN and chl a, and lower SDT).
Using the method suggested by the Lake and Reservoir Technical Guidance Manual,
comparison was made between the general population and reference lakes for each of the
nutrient ecoregions as a means to derive preliminary draft nutrient criteria. Tables 6-3 to 6-6
summarizes the statistical distributions for general and reference lakes in each of New
England’s nutrient ecoregions for TP, TN, chl a, and SDT, respectively. The 75th percentile
(most impacted quartile) of reference lakes, and 25th percentile (least impacted quartile) of
all assessed lakes are highlighted in the tables for TP, TN and chl a. In the case of SDT, the
25th percentile of reference lakes and the 75th percentile of all assessed lakes are
highlighted, since for that parameter, water quality is inversely proportional to the measured
secchi depth. These ecoregional-specific sets of values were used to generate draft nutrient
values for TP and TN.
Table 6-3

Comparison of Total Phosphorus distributions (ug/l) in New England nutrient
ecoregion for all assessed lakes and reference lake populations.
All lakes and reservoirs

Reference lakes

NECZ

NEH

LPH

NECZ

NEH

LPH

Arithmetic Mean

26.38

10.62

13.36

11.32

8.52

9.64

Median

14.35

8.78

10.81

8.47

7.13

9.00

25th percentile

8.59

6.50

7.93

7.22

6.00

7.00

75th percentile

26.00

11.97

15.07

11.22

10.00

11.66

St. Dev.

41.27

8.01

9.93

8.09

6.24

3.65

Min

0.95

1.00

2.00

4.80

1.00

2.00

Max

376.25

77.94

87.12

46.63

67.00

18.33

219

425

284

37

135

113

No. Waterbodies
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Table 6-4

Comparison of Total Nitrogen (ug/l) distributions in New England nutrient
ecoregion for all assessed lakes and reference lakes populations.
All lakes and reservoirs

Reference lakes

NECZ

NEH

LPH

NECZ

NEH

LPH

Arithmetic Mean

588.27

349.66

378.76

369.09

289.82

362.71

Median

447.83

300.00

300.00

303.43

269.50

236.00

25th percentile

322.62

213.00

225.00

270.84

200.50

202.50

75th percentile

650.63

400.00

415.00

444.49

364.23

299.25

St. Dev.

468.85

227.00

301.31

162.33

125.81

411.61

Min

122.92

20.00

153.00

208.56

50.00

153.00

Max

3796.77

1877.39

1770.00

1000.00

602.46

1770.00

177

113

29

32

34

14

No. Waterbodies

Table 6-5

Comparison of Chlorophyll-a (ug/l) distributions in New England nutrient
ecoregion for all assessed lakes and reference lakes populations.
All lakes and reservoirs

Reference lakes

NECZ

NEH

LPH

NECZ

NEH

LPH

Arithmetic Mean

7.52

4.46

5.36

2.25

3.23

3.69

Median

4.08

3.47

3.95

1.90

2.72

3.30

25th percentile

2.45

2.31

2.62

1.34

2.00

2.17

75th percentile

6.60

5.30

5.80

2.63

3.83

4.81

St. Dev.

14.56

4.41

5.24

1.41

1.97

2.02

Min

0.20

0.10

0.80

0.60

0.20

0.80

Max

172.25

51.65

50.57

7.53

10.59

11.70

221

420

270

37

130

110

No. Waterbodies

J:\Projects\P80\8726\780\4Tech\DSR_Master.doc

58

May, 2000

Table 6-6

Comparison of Secchi Disk Transparency (m) distributions in New England
nutrient ecoregion for all assessed lakes and reference lakes populations.

SDT (m)

All lakes and reservoirs

Reference lakes

NECZ

NEH

LPH

NECZ

NEH

LPH

Arithmetic Mean

2.70

4.36

4.73

3.87

4.96

5.25

Median

2.27

4.09

4.48

4.28

4.81

4.72

25th percentile

1.55

2.92

3.35

2.70

3.71

3.99

75th percentile

3.46

5.49

5.72

4.85

5.83

5.96

St. Dev.

1.57

1.97

2.08

1.45

2.03

2.07

Min

0.39

0.63

0.71

1.21

0.75

1.00

Max

9.14

13.24

13.70

7.50

13.20

13.70

No. Observations

221

491

340

37

161

143

Table 6-6 presents the range of ecoregional preliminary draft nutrient criteria for TP and TN
indicated by the two suggested percentiles. The ranges of values shown in Table 6-6 show
considerable overlap between ecoregions. For all three ecoregions, the 75th percentile for
the reference lakes exceeded the 25th percentile of all lakes for both TP and TN. This is
similar to the case study presented in the Lake and Reservoir Technical Guidance Manual,
using Minnesota Data.
Table 6-7

Ecoregional Preliminary Draft Nutrient Criteria (TP, TN) derived by Statistical
Method
Phosphorus

Phosphorus

Nitrogen
th

Nitrogen

Ecoregions

th

All (25 )

th

Ref (75 )

All (25 )

Ref (75 )

th

Laurentian Plain and Hills

7.9 ug/l

11.7 ug/l

225 ug/l

299 ug/l

New England Highland

6.5 ug/l

10.0 ug/l`

213 ug/l

364 ug/l

New England Coastal Zone

8.6 ug/l

11.2 ug/l

322 ug/l

444 ug/l

If the midpoint of the ranges are considered, the ecoregions rank for TP - NEH (8.3 ug/l),
LPH (9.8 ug/l), NECZ (9.9 ug/l) and for TN - LPH (262 ug/l), NEH (289 ug/l), NECZ
(383 ug/l). For phosphorus these midpoint values would be considered near the nutrient
concentrations (approximately 10 ug/l) where literatures values suggest a potential shift from
oligotrophic to mesotrophic conditions may occur (Horne and Goldman, 1994). Since many
of the designated uses that are of concern to lake managers are likely to be protected in
lakes/ponds by nutrient concentrations resulting in mesotrophic conditions, the Statistical
Method provides a very conservative approach to derivation of preliminary draft nutrient
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criteria. This conservatism would result in a highly protective approach and nutrient
concentrations that may not be achievable in some lakes. On the other hand, this approach
could be easily modified by selecting different population percentiles as the critical values,
perhaps for nutrient concentrations that result in more pronounced eutrophic conditions.
6.3.2

Mean Depth

As part of the investigation of nutrient criteria, additional classifications were considered to
better refine the criteria. As shown in Figure 6-6, subdivision of lakes, ponds and reservoirs
in the Nutrient Database into shallow (< 5 m mean depth), and deep (>5 m mean depth )
lakes provides some differentiation of SDT values. This concept was explored for TP and chl
a (Figures 6-11 and 6-12). These figures illustrate the trend to higher TP and chl a in
shallower lakes. This was further assessed within one ecoregion – the NECZ. Figures 6-13
to 6-15, respectively, show the influence of lake depth on distributions of TP, TN and chl a
measurements for lakes within the NECZ ecoregion. The trend to higher nutrient
concentrations for shallower lakes is indicated in Figures 6-13 to 6-14 and shows greater
difference within the ecoregion than for New England. In contrast, the chl a distributions of
shallow and deep lakes (Figure 6-15) are similar for low concentrations and separate only at
the higher concentrations.
Deep
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Figure 6-11 Cumulative frequency distribution of Total Phosphorus measurements in deep
and shallow lakes of New England.
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Figure 6-12 Cumulative frequency distribution of Chlorophyll-a measurements in deep and
shallow lakes of New England.
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Figure 6-13 Cumulative frequency distribution of Total Phosphorus measurements in deep
and shallow lakes of the New England Coastal Zone ecoregion.
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Figure 6-14 Cumulative frequency distribution of Total Nitrogen measurements in deep and
shallow lakes of the New England Coastal Zone ecoregion.
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Figure 6-15 Cumulative frequency distribution of Chlorophyll-a measurements in deep and
shallow lakes of the New England Coastal Zone ecoregion.
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These analyses indicate that separation of ecoregional lakes/ponds into further subdivisions such as depth should be more thoroughly explored during the development of
ecoregional nutrient criteria.

6.4

Designated Uses

Another method of deriving preliminary draft nutrient criteria is through consideration of the
important regulatory-protected designated uses of a waterbody. The Designated Use
Method does not rely on the statistical distribution of trophic parameters for reference and
general waterbody populations. For this method, the scientific literature and BPJ are used
to identify potential nutrient concentrations associated with overall water quality shifts that
may result in a loss or impairment of a particular function. It should be noted that the
threshold values used are those typically associated with shifts in trophic state and are not
directly linked with impairment of designated uses. Potential impacts to designated uses
were inferred from trophic state shifts. The Lake and Reservoir Technical Guidance Manual
(U.S. EPA, 1999a) provides a range of hypothetical designated uses ranging from those
requiring high water quality (drinking water supply, outstanding resource waters) to
moderate water quality (contact recreation, aquatic life protection) to low water quality
(boating, flood control, irrigation). Along with these uses, the Technical Guidance Manual
proposes a set of TP criteria, expressed as TSI (TP) values (see Table 7-2 in Technical
Guidance Manual) as estimates of shifts of lake attributes or conditions.
These criteria were adapted for use in New England by using the range of designated uses
described in waterbodies by the state experts for assessment reference and impacted
conditions (Section 6.2). Identified designated uses for water classes are varied among the
New England states but generally include pubic water supply, protection and propagation of
aquatic life, contact recreation (i.e., swimming), non-contact recreation (boating), and
Irrigation and other agricultural uses. Most lakes/ponds in New England are Class A (all
uses including drinking water) or Class B (all uses except drinking water) or their
equivalents.
To evaluate the potential ability of New England lakes and ponds to fully support their
designated uses, a set of estimated TSI (TP) criteria were selected. The following criteria
and associated TP water concentration were selected:
•= TSI (TP) value of < 30 (equivalent to < 6 ug/l TP) – waterbodies less than this value are
expected to be oligotrophic and were considered to be highly likely to support all
designated uses, including public drinking supply;
•= TSI (TP) value from 30 to < 50 (equivalent to 6 - 24 ug/l TP) – waterbodies in this
category would be considered mesotrophic and highly likely to support protection and
propagation of aquatic life (Note: drinking water supply may or may not be present),
contact recreation (i.e., swimming), non-contact recreation (boating); and other nonwater quality dependent uses (irrigation, flood control);
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•= TSI (TP) value from 50 to < 70 (equivalent to 24 - 96 ug/l TP) – waterbodies in this
category would be considered eutrophic and likely to support protection and propagation
of warmwater fisheries only, non-contact recreation (boating); and other uses. Lakes in
this category would be considered potentially impacted; and
•= TSI (TP) value from > 70 (equivalent to > 96 ug/l TP) – waterbodies in this category
would be considered highly eutrophic and likely to support only pollution-tolerant
fisheries, non-contact recreation (boating); and other uses. Lakes in this category would
be considered heavily impacted.
Based on potential impairment of designated uses, lakes/ponds could be judged acceptable
or unacceptable. For example, it could be proposed that TSI (TP) values of <50 would
indicate acceptable conditions, values of 50 to <70 may be presumed as potentially
unacceptable - with a lake-specific investigation required for an exact determination, and
values of >70 considered unacceptable (unless waterbody is restricted to non-contact
recreation uses).
This scenario is displayed in Figure 6-16 using all lakes/ponds in the New England
Database. It can be seen that most of the lakes/ponds fall under the acceptable criterion of
TSI (TP) = 50; only about 12% exceeded the criteria and were potentially “unacceptable”.
For comparison, the TSI (TP) equivalent to the approximate preliminary draft nutrient criteria
of 10 ug/l TP (approximate mean value of LPH, NEH, and NECZ midpoints, as determined
by percentiles; Table 6-6) is indicated. It can be seen that this value is well below that
needed to support designated uses and that many lakes exceed this value.
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Figure 6-16 Distribution of Carlson TSI(TP) for lakes and reservoirs in New England.

This analysis was carried further using the three ecoregions (Figure 6-17 to 6-19), using the
same framework, but simply inserting the percentile-derived ecoregional draft criteria in
place of the general New England value (as the midpoint of TP values from Table 6-7). In
all cases, the majority of lakes in the three ecoregions meet the acceptable TP criterion,
while the percentile-derived criteria are conservative with regard to protection of the most
water-quality dependent designated uses.
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Figure 6-17 Distribution of Carlson TSI(TP) for lakes and reservoirs in the Laurentian Plains
and Hills ecoregion.
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Figure 6-18 Distribution of Carlson TSI(TP) for lakes and reservoirs in New England
Highlands ecoregion
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Figure 6-19 Distribution of Carlson TSI(TP) for lakes and reservoirs in New England
Coastal Zone ecoregion

Finally, the distribution of TSI (TP) values for all New England reference and impacted lakes
is shown in Figure 6-20. This figure indicates the less than substantial difference in water
quality between these two sets of waterbodies. The reference lake population is virtually all
within “acceptable” conditions, while the impacted lakes contribute a much greater number
of “unacceptable” waterbodies. Yet, it can be seen that many impacted lakes have water
quality conditions similar to those found in the reference lakes. This overlap probably
indicates the potential influence of macrophytes in determining lake status, but may also be
indicative of some amount of natural variation seen within regional lake datasets.
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Figure 6-20 Comparison of the distribution of Carlson TSI(TP) for Reference and Impacted
waterbodies in New England.

6.5

Summary of Draft Preliminary Nutrient Criteria Development

Draft preliminary nutrient criteria were developed for L/P/R waterbodies in three New
England ecoregions using two approaches. The Statistical Method used the statistical
distribution and identified percentiles of reference waterbodies (75th) and all waterbodies
(25th) within an ecoregion and took the midpoint between as a draft criterion. For all New
England waterbodies within the three ecoregions of interest, the nutrient criterion for TP
derived by this method was approximately 9.3 ug/l, while that for TN was 311 ug/l. A
second approach, the Designated Use Method, applied the statistical distributions of
ecoregion L/P/R/ waterbodies to well-accepted literature values for trophic states along with
inferred effects on protected designated uses. This approach does not directly determine a
nutrient criterion, but did indicate that the criterion developed by the Statistical Method was a
conservative estimate of the nutrient concentration required to protect most designated
uses. Further work is needed on the linkage between nutrient concentrations and effects on
designated uses on New England L/P/R waterbodies to produce a true designated use
derived nutrient criterion.
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7 Outstanding Issues
During the course of the construction of the Nutrient Database and the development
of preliminary draft nutrient criteria, numerous issues were identified regarding the
procedures, protocols or assumptions used. Many of these issues were successfully
addressed during the development process, in discussion with the Regional NAT in
meetings, or through communication with individual NAT members or state experts.
In some cases, issues were identified that were not fully resolved and which may
need further investigation as the regional nutrient criteria are developed. In many
cases, these issues concern alternative procedures or assumptions that reflect
different approaches used by New England states to collect or analyze data.
These issues may be broadly categorized into two areas of concern. The first area deals
with concerns regarding the selection of data (location, season, depth, and type) to be
included in the nutrient database (Section 7.1). The second area of concern is the nature of
the draft preliminary nutrient criteria and their potential application (Section 7.2).

7.1

Selection of Data to be Included in the Nutrient Database

Several issues were identified with the selection of waterbodies, nutrient data, and other
parameters that were incorporated into the New England Nutrient Database. These issues
are discussed further below.
7.1.1

Issues associated with the selection of Lakes and Ponds

One of the issues raised by reviewers of the draft document is that the nutrient data were
not collected in an unbiased manner (i.e., by a statistical random selection) and how this
could lead to potential bias in the database and resulting draft nutrient criteria. The concern
is that the nutrient database relied on existing data that were largely collected by state
agencies that had different reasons for selecting lakes to sample and used different levels of
effort to collect the data. In addition, due to availability of nutrient data and supporting
metadata, the final nutrient database contains more lakes in Maine, Vermont, and New
Hampshire while it appears that lakes and ponds in Massachusetts, Connecticut, and Rhode
Island may be underrepresented. It has been suggested that this apparent biased selection
of lakes from the north could lead to a bias in the distribution of data in the ecoregions.
Some reviewers commented on the potential inherent difference between the typical
northern New England and southern New England lakes and ponds with regard to basin
origin. For example, many of the lakes in northern New England are probably deep lakes of
glacial origin, while many lakes in southern New England are simply small streams which
were dammed to form shallow impoundments to provide hydropower.
On a nationwide scale, there appears to be a north to south trend of increasing
eutrophication. The results of the “Great American Secchi Dip-In” survey of lakes (reported
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in Lakeline 17(2): 33) showed northern states like Maine, Vermont, and New Hampshire
reporting SDT values > 4.5 meters, while Massachusetts was about 2.2, with SDT depths
declining further south into New Jersey, Georgia and Florida. This suggests there may be a
trend in the data to more eutrophic conditions along a north-south gradient even within an
ecoregion.
These questions regarding the source and amount of data have been considered several
times during the database development. While the authors acknowledge that the
observations above are probably valid, it should be recalled that the nutrient data collection
has never attempted to conduct a comprehensive collection of data on the entire spectrum
of New England lakes and ponds. As noted earlier in the Technical Memorandum (ENSR,
1999), it was recognized at a very early stage that there were several limitations to
development of the database due to:
•= an uneven amount of nutrient and trophic-state related data available between the six
New England States;
•= the variable measured parameters in the databases provided by States, Tribes, federal
agencies, and the academic community;
•= the heterogeneous quality of the data, in terms of sampling effort, amount of supporting
metadata, analytical precision, and analytical accuracy; and
•= the uneven regional coverage of waterbodies, with a likely overrepresentation of smaller
lakes and those with recognized water quality problems.
As noted in the Technical Memorandum, the primary technical focus became the
development of a nutrient database that was sufficient to support preliminary development
of draft criteria. ENSR used target goals as a means to identify the appropriate number of
waterbody categories to establish reference and population sets of waterbodies to be
acquired. These target numbers were used as the basis of evaluating data sufficiency and
data gaps.
Some consideration was given to increasing the number of lakes and ponds selected for the
New England Coastal Zone during the Data Gaps analysis (see Section 4.5). The
incorporation of additional hard copy data increased the representation of Southern New
England lakes and ponds in the Database to some extent.
However, we agree that the final Nutrient Database is subject to some degree of bias due to
the factors identified above. For example, identification of reference lakes and ponds
indicates a higher proportion of non-impacted waterbodies in the two predominantly northern
ecoregions (i.e., LPH, NEU) as compared to the NECZ. This may reflect the reduced
watershed populations and anthropogenic inputs found in more rural areas or basic
differences in state lake programs and/or available electronic data files (e.g., emphasis on
monitoring vs. studying “problem” lakes).
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In short, it can be conceded that the final Nutrient Database does not provide a
comprehensive, non-biased selection of lakes and ponds from New England. At the same
time, the Nutrient Database contains a “best-available” compilation of waterbodies and
associated nutrient data on which to base preliminary decision-making for draft nutrient
criteria. However, it is appropriate that the final Nutrient Database be further explored to
identify potential bias to allow more useful interpretations of proposed application of the data
in preliminary draft nutrient criteria. Such investigations would also be useful in directing
future data collection efforts.
7.1.2

Issues associated with use of Summer Index Period

One of the fundamental assumptions used in development of the Nutrient Database was the
restriction of data to that gathered during the period July to September. This period is
consistent with the timing of seasonal biological responses to eutrophication (i.e., nuisance
algal blooms) and with the sampling of most lake water quality monitoring (especially
volunteer monitoring groups) used to generate the Nutrient Database. However, this period
may not correspond with the timing of maximum nutrient concentrations, typically associated
with the vernal (spring) overturn in most lakes/ponds. Spring phosphorus concentrations
are available in some state databases (e.g. VT conducts systematic, statewide lake surveys
with spring phosphorus sampling), but these data were not considered as they fall out of the
Index Period. This has led to a loss of potentially valuable information in some cases. For
example, VTDEC had spring phosphorus data on approximately 60 candidate reference
lakes, but use of the Index Period to screen data led to the exclusion of all but three of these
reference lakes. While the summer is typically the period of greatest biological response,
phosphorus concentrations in the summer water column are not always well correlated to
response levels (i.e., chl a) due to heterogeneity and distribution of algal blooms over time,
depth, and space and/or uptake by rooted macrophytes. Further, it has also been
suggested that examination of nutrient ratios (i.e., N: P ratios) should also be considered
when evaluating potential response to phosphorus input. This increases the uncertainty in
identifying a TP level associated with a predictable biological response
The central concern regarding this issue is the time lag between the supply of nutrients
(spring) and measurement of the biological response (summer) they produce. A summer
index period provides a consistent, if somewhat arbitrary, approach for inclusion of data into
the Database that would be lost if each state provided values obtained under different
monitoring approaches. It may also be argued that more urban lakes receiving stormwater
may be receiving irregular pulses of nutrients that may be less seasonally predictable.
Calculation of summer phosphorus concentrations from spring phosphorus may be feasible
(e.g, Rohm, 1995). Alternatively, expanding the Index Period to earlier in the year (e.g.
before stratification) would incorporate spring nutrient concentrations. Each of these
alternatives has tradeoffs with regard to the final data included in the Nutrient Database.
The issue of seasonal-restricted observations should be further discussed and alternatives
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more fully explored before developing final reference conditions and regional nutrient
criteria.
7.1.3

Depth-Integrated Sampling

The issue of depth-integrated sampling is similar to the concerns discussed above for the
Seasonal Index Period. Some agencies use depth-integrated sampling (i.e., sampling of the
entire water column in epilimnion and/or photic zone as opposed to sampling at discrete
depths). This sampling method can provide a more comprehensive and accurate evaluation
of nutrients and production in the upper waters than a restricted number of depth-discrete
samples. In addition, this method will potentially sample water from depths greater than
5 m. Restriction of samples in the Nutrient Database to the < 5 m zone may reduce
information about the lower portions of the photic zone and bias the Database with regard to
chl a concentrations (e.g., surface bloom concentrations more represented).
As with the spring phosphorus issue, the differences between sampling efforts by various
state agencies result in the need for a common approach for data included in the Nutrient
Database. Hence, the assumption of samples collected in the 0 to 5 m range was used.
However, relaxation of this criterion to expand the Database by inclusion of epilimnetic
samples and/or photic zone samples could be considered. Determination of the depth of the
epilimnion from temperature profiles can be made from lake and date-specific records, but
such determinations would be very labor-intensive and should be conducted only if initial
analyses indicate that such an effort is justified. Alternatively, the use of the reported SDT
depth to estimate an approximate photic zone limit on a particular sampling date may be
considered. Since the majority of the lakes/ponds data are typically surface or surface and
bottom samples, it is not clear that additional analyses would be merited.
7.1.4

Macrophytes

The reporting of and relative importance given to data regarding the distribution and
abundance of macrophytes differs between the states. Typically, macrophyte distributions
and abundance are more heavily weighed by CT, MA, and RI state agencies in their
determination of trophic state and impacted status. VT provides information regarding the
identification of macrophyte species, while ME and NH do not formally consider macrophyte
growth in state classification, preferring to focus on water column nutrient concentrations for
trophic classification. This division between states’ approaches appears related to the
shallower depth found in NECZ waterbodies relative to the other ecoregions and/or greater
abundance of organic substrate available for colonization. Modification of trophic status by
macrophyte abundance seems warranted, but does not easily fit into a conventional nutrient
- phytoplankton prospective, because macrophyte abundance is less easily linked to water
column nutrient conditions (i.e., in some cases nutrient-poor lakes can sponsor extremely
luxuriant macrophyte growth). Equally important, there is no general consensus regarding
the levels of macrophyte coverage (>50%, >75%?) or abundance associated with
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impairment of designated uses. These issues need to be further discussed and a more
satisfactory method proposed to integrate macrophyte community factors into the
development of regional nutrient criteria.

7.2

Nature of Regional Nutrient Criteria

The nature of the preliminary draft nutrient criteria generated in Section 6.0 will need to be
more fully considered. Use of a percentile approach provides a feasible means of
establishing a numeric criteria but has many implications that need to be further considered.
By definition, establishing a set percentile as the target concentration for criteria means that
a certain percentage of waterbodies would be out of compliance automatically. While it can
be assumed that at least a portion of the waterbodies are seriously impacted by elevated
nutrients, many waterbodies may be considered in violation, even though many of these
lakes may fully support their designated uses (e.g., waterbodies with high nutrients that do
not exhibit signs of eutrophication). [Note: it has been suggested that as a “reality check”
any proposed nutrient criterion be evaluated as to, if it were applied, how many reference
lakes would be targeted for management and how many impacted lakes would fail to be
identified].
Some reviewers questioned the utility of a single criterion as a lake management tool and
suggested that a range of values be developed. As noted earlier, many of the designated
uses contained in water quality standards are protected by a wide range of nutrient
conditions. This is supported by the distribution of lake TP concentration relative to those
expected to lead to loss of impairment of designated use function (Figures 6-16 to 6-19).
Moreover, there is an underlying assumption that an overall reduction in nutrients and
shifting of waterbodies to more oligotrophic conditions is desirable in all cases. While this is
generally true for most impacted lakes, it does not consider the need or utility for a range of
differing lake trophic states to provide a wider range of recreational and ecological function.
It can also be seen that low to moderate nutrient conditions is no guarantee that a lake will
not be considered impacted (Figure 6-20).
In addition, it is well known that there are regional differences in opinion about what
constitutes acceptable water quality where eutrophication is concerned. Unlike other
pollutants such as toxic heavy metals (which are considered harmful even in trace amounts),
nutrients are natural and, in many cases, desirable, depending on the designated use of the
waterbody. However, the designated use and the public perception of acceptable or notacceptable water quality condition changes from region to region (Heiskary and Walker,
1988). For example, a lake with 24 ppb phosphorus and a SDT of 2 meters may be
considered a good bass lake in southern New England, while such a lake in Maine could be
considered heavily impacted and potentially unacceptable in a cold water fisheries region.
The regional ecosystems do not fully account for the temperature, fisheries and local public
opinion changes that influence the designated uses within an ecoregion. Thus, even though
the EPA recognized regional differences rather than setting national criteria, even the
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regional criteria may not be scaled to a fine enough degree to account for these
"subregional" differences.
While this discussion is by no means intended as a full exploration of the implications of
decision-making regarding development of regional nutrient criteria, it does indicate the
need for considerable dialogue and consensus among the state and federal agencies
responsible for deriving the regional nutrient criteria.
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8 Summary
Water quality data, lake characteristics, and watershed information were collected from
over 7,000 waterbodies in New England as part of the “Collection and Evaluation of
Ambient Nutrient Data” Project (Section 1.0). The primary source of information was
from electronic data files obtained from various state and federal agencies, Tribal
nations, and academic institutions (Section 2.0). A relational database was designed and
implemented in Microsoft Access97® to accumulate and manipulate the extensive
amount of available electronic data (Section 3.0).
Review of the initial data collection for four key trophic parameters (TP, TN, chl a, SDT)
indicated that these were not available for a majority of the waterbodies (Section 4.0).
Subsequently, the data were refined to focus on waterbodies with good trophic
parameter data and further supplemented with additional hardcopy data to address data
gaps and produce the final New England Nutrient Database. The final Nutrient
Database, with 1,155 lakes, ponds and reservoirs represented, was used to develop
preliminary draft regional nutrient criteria for lakes/ponds in the three EPA Level 3 nonaggregated ecoregions (LPH, NEH, NECZ). Further evaluation of the river and stream
data collected from the data sources noted above was deferred to a future phase of this
project.
The Nutrient Database was analyzed and its general characteristics described (Section
5.0). The distribution of the ecoregion-specific trophic parameters was tested and
statistical differences detected between many of the trophic parameters. The trophic
status (oligotrophic, mesotrophic, eutrophic) of lakes within the ecoregions were
determined and compared to previous work with generally good agreement.
Two methods (Statistical Method, Designated Use Method) were used to develop
preliminary draft regional nutrient criteria (Section 6.0). Region Nutrient Assessment
Team members and state experts identified reference and impacted waterbodies. Using
the recommended percentile for reference (lower quartile) and all lakes (upper quartile),
a range of possible nutrient criteria was generated for the three ecoregions. The
composite midpoint of the range for the three ecoregions was approximately 10 ug/l TP.
A second set of nutrient criteria were generated using literature values and
recommended TSI(TP) criteria from the Lakes and Reservoirs Technical Guidance
Manual (U.S. EPA, 1999). Here, the emphasis was prevention of loss of designated use
and a value of 24 ug/l TP was selected to distinguish between acceptable and nonacceptable conditions. Comparison of the results generated by the two methods
suggests that the Statistical Method would be overly conservative as a means of
protecting key designated uses. Outstanding issues were identified that must be further
discussed and consensus reached during the development of a regional approach to
nutrient criteria (Section 7.0).
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