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APPENDIX A – DATA VALIDATION REPORT FOR 1999 DEP/DWM MERRIMACK watershed MONITORING DATA

PREFACE:   

The objective of DWM data validation is to provide final, usable data, based on a thorough review of draft data and associated field and laboratory quality control information.  This report includes evaluation of all 1999 data, as well as previously unreported 1994 fish toxics data, collected in the Merrimack watershed. 

This Appendix is divided into seven sections as follows:

-  A1.  Introduction

-  A2.  Data Validation Process for 1999 DWM Data

-  A3.  1999 QAPPs/SOPs Used in Merrimack Watershed Monitoring

-  A4.  1999 QA/QC Acceptance Criteria for Merrimack Watershed Data
-  A5. QC Sample Data and Validation Decisions for 1999 (and 1994 fish toxics) Merrimack Watershed Data 

-  A6.  1999 Analytical Methods and MDLs 

-  A7.  Conclusions

A1.
INTRODUCTION

The following data were collected in 1999 as part of the DEP/DWM Merrimack watershed assessment:

· In –situ Hydrolab readings and fish tissue toxics data at three lakes.

· Discrete water quality data and Hydrolab readings at three lakes, and

· Benthic macroinvertebrates and aquatic habitat assessment at a total of four river/stream stations   

For specific monitoring locations, parameters and dates, see Table B1 in Appendix B.

A2.
The Data Validation Process for 1999 DWM Data

The procedures used to accept, accept with qualification or censor data are based on the draft DWM SOP for data validation (July, 2001), and are in addition to separate quality assurance activities and laboratory validation performed by WES.   

The specific criteria applied to the 1999 DWM data include:

· Conformance to DWM-project and DWM-programmatic Quality Assurance Project Plans (QAPPs) and Standard Operating Procedures (SOPs)

· Precision (review of overall precision, including field precision and lab precision)

· Accuracy (review of lab quality control data regarding analysis of blind performance evaluation samples, internal check standards, blanks and matrix spike samples)

· Representativeness (review of field data sheets and field SOPs used to collect the data for the evidence of the potential for non-representative conditions at the time of sampling)

· Holding Times and Preservation (review for conformance to method holding times and preservation requirements for samples)

· Frequency of Field QC samples (review for conformance to standard DWM requirements for the number of field blank and split/duplicate samples taken per total number of samples taken)

· Contamination of Field Blanks (review of blank analyses for detectable analyte concentrations)

· Completeness (review of the amount of usable data in comparison to that intended to be collected)

· Chain-of-Custody (review of sample handling and transfer records)

Completion of 1999 data validation has resulted in the entry of “final” environmental data into the DWM database system.  Data that fell outside established QA/QC acceptance criteria were investigated and may have been subject to censoring or qualification.
Specific symbols and qualifiers used to censor and qualify data are provided in Table A2.

Table A2.1.1.  1999 Data Symbols and Qualifiers

	Symbol/  Qualifier
	Data Source
	Definition

	**
	All
	Censored or missing data

	--
	All
	No data

	<mdl
	All
	Less than method detection limit (MDL).   Denotes a sample result that went undetected using a specific analytical method.    The actual, numeric MDL is typically specified (eg.  <0.2).

	c
	Hydrolab
	Greater than calibration range for conductivity (>718, 1413, 2760, 6668 or 12,900 uS/cm) or turbidity (> 10, 20 or 40 NTUs), depending on calibration standard used, or outside acceptable range about calibration standard.   Also used for calculated TDS and Salinity readings that are based on qualified conductivity readings.

	i
	Hydrolab
	inaccurate readings from Hydrolab multiprobe likely; may be due to significant pre-survey calibration problems, post-survey calibration readings outside typical acceptance range for the low ionic check and for the deionized blank water check, or lack of calibration of the depth sensor prior to use.

	m
	Hydrolab
	method not followed; one or more protocols contained in the DWM Hydrolab SOP not followed, ie. operator error (eg. less than 3 readings per station (rivers) or per depth (lakes), or instrument failure not allowing method to be implemented.

	s
	Hydrolab
	Field sheet recorded data were used to accept data, not data electronically recorded in the Hydrolab surveyor unit, due to operator error or equipment failure.

	u
	Hydrolab
	unstable readings, due to lack of sufficient equilibration time prior to final readings, non-representative location, highly-variable water quality conditions, etc. 

	?
	Hydrolab
	Light interference on Turbidity sensor (Hydrolab error message).  Data is typically censored.

	a
	Discrete samples
	accuracy as estimated at WES Lab via matrix spikes, PT sample recoveries, internal check standards and lab-fortified blanks did not meet project data quality objectives identified for program or in QAPP.

	b
	Discrete samples
	blank Contamination in lab reagant blanks and/or field blank samples (indicating possible bias high and false positives).

	d
	Discrete samples
	Precision of field duplicates  (as RPD) did not meet project data quality objectives identified for program or in QAPP.

	e
	Discrete samples
	not theoretically possible (e.g., when a specific Secchi depth is greater than the reported station depth)

	f
	Discrete samples
	frequency of quality control duplicates did not meet data quality objectives identified for program or in QAPP.

	h
	Discrete samples
	holding time violation (usually indicating possible bias low)

	j
	Discrete samples
	‘estimated’ value; used for lab-related issues where certain lab QC criteria are not met and re-testing is not possible (as identified by the WES lab only).   Also used by WES to report sample data where the sample concentration is less than the ‘reporting’ limit or RDL and greater than the method detection limit or MDL  (mdl< x <rdl). Also used to note where values have been reported at levels less than the MDL.

	m
	Discrete samples
	method SOP not followed or fully implemented, due to complications with sample matrix (eg. sediment in sample, floc formation), lab error (eg. cross-contamination between samples), or  additional steps taken by the lab to deal with matrix complications. 

	p
	Discrete samples
	Samples not preserved per SOP or analytical method requirements.

	r
	Discrete samples
	Samples collected not representative of actual field conditions.


A3.
1999 QAPPs/SOPs Used in Merrimack Watershed Monitoring

Quality assurance and quality control (QA/QC) documents in place and/or activities performed before, during and after 1999 Merrimack watershed monitoring included:

· Production of a 1999 Quality Assurance Project Plan (QAPP) for fish contaminant monitoring (now CN 13.0)

· Production of a 1999 QAPP for benthic macroinvertebrate collection (now CN 7.0)

· Production of a 1999 QAPP for Lakes Baseline TMDL assessments (CN 22.0)

· Production of an SOP for grab sample collection (CN 1.0).  This included the use of bucket samplers (this technique has been discontinued).
· Implementation of field and lab quality control procedures, including that for Hydrolab multiprobe use (now CN 4.0) and fish collection/preparation for fish tissue analysis (now CN 40.0)

· On-going coordination with the WES laboratory regarding sample delivery, analysis and reporting 

· Post-monitoring data review and assessment.

A detailed summary of data validation for all 1999 DWM data (ie. all the “yellow” basins) can be found in the 1999 Data Validation Report (MA DEP 2001a).

A4.
1999 QA/QC acceptance criteria for Merrimack watershed data

A4.1
QA/QC Objectives and Criteria for 1999 In-Situ Hydrolab Multi-probe Data
Trained DWM staff members conducted in-situ measurements using a Hydrolab® Series 3 Multiprobe instrument that simultaneously measures dissolved oxygen, temperature, pH, conductivity, and depth, and provides calculated estimates for total dissolved solids/salinity, and % saturation of oxygen.  

To ensure the quality of the Merrimack data, the following QA/QC steps were taken:

- Pre- Survey Calibration and Check:    Standard pre-survey calibration of the Hydrolab unit was conducted in accordance with the DWM SOP for Hydrolab use.  After the instrument was calibrated and before the instrument was released to field staff, an instrument check using both a low ionic standard and filtered de-ionized water was performed.  The purpose of this check is to make sure that the instrument is providing stable readings as the waters in Massachusetts are typically of low ionic strength.  If the instrument failed acceptance criteria, it was not released to field staff until the source of error was identified and corrected.

- Post Survey Check:    A standard post survey check of the Hydrolab unit was performed in accordance with the DWM SOP for Hydrolab use.  Upon return of the Hydrolab unit to DWM’s lab after a survey run, a visual inspection was performed to identify any physical damage that may have occurred in the field.  The calibration of the unit was then checked against both a low ionic standard and filtered de-ionized water.  The results of the post survey calibration check were compared to the pre-calibration results.  If visual damage was observed and/or post calibration acceptance criteria were not achieved, the source of error was investigated and data collected in the field may have been subject to qualification or censoring.

- Data Reduction:    The Hydrolab Coordinator and Database Manager reviewed the Hydrolab data for instability, instrument malfunction, operator error and aberrant trends.  If any of these conditions were detected, the data were further investigated and may have been recommended for qualification or censoring.  Measured data are specifically evaluated for the following:

• Consistency with the Hydrolab SOP (specifically, the requirement for three (minimum)-five (preferred) sequential readings one-minute-apart at appropriate depths, proper field use, etc.).

• Accuracy and precision of readings, as assessed through review of pre-survey calibration/check and post-survey check data, as well as field notes for any information on faulty operation and/or unusual field conditions.

• Representativeness of data (review of fieldsheets and notes for any information that might 

indicate non-representativeness; eg. not taken at the deep hole).

• Check for “outliers” or unreasonable data, based on best professional judgement.   Outliers are identified and flagged for scrutiny.  For lake depth profiles, it is recognized that thermal stratification can cause rapid changes in Hydrolab parameters within the thermocline, often resulting in unstable readings (typically qualified with “U”).

• In lieu of verifying in the electronic record that the Hydrolab was depth-calibrated prior to use, both general and specific criteria are used to accept, qualify or censor of Hydrolab Depth readings, as follows:  General Depth Criteria:  Apply to each OWMID#;  For negative and zero depth readings:  Censor (i), (likely in error); for  0.1 m depth readings:  Qualify (i), (potentially in error); and for 0.2 and greater depth readings:  Accept without qualification, (likely accurate).  Specific Depth Criteria:  Apply to entirety of depth data for survey date.  If zero and/or negative depth readings occur more than once per survey date, censor all negative/zero depth data, and qualify all other depth data for that survey (indicates that erroneous depth readings were not recognized in the field and that corrective action (field calibration of the depth sensor) was not taken, ie. that all positive readings may be in error.).

• The criterion used in 1999 to accept, qualify or censor Conductivity (and the dependent, calculated estimates for TDS and Salinity) readings was based on exceedance of the calibration standard concentration.  For exceedances greater than two times the standard, the conductivity reading was typically censored.  Readings were qualified for exceedances less than two times the calibration standard.  In cases where readings fell far below the calibration standard concentration (eg. measured value of 100 uS/cm using 6668 calibration standard), no censoring or qualification was imposed.

• For D.O. values less than 0.2 mg/l, 1999 data were accepted without qualification and reported as “<0.2”.   Similarly, percent DO saturation was reported as “<2%” when DO values were <0.2 mg/l.

• Total dissolved solids (TDS) values were calculated from conductivity readings using a multiplier of 0.64.    Percent oxygen saturation values were calculated by comparing ambient D.O. readings to saturation values.     

A4.2
QA/QC Objectives and Criteria for 1999 Discrete Water Sample Data
The collection and analysis of discrete water samples from the Merrimack watershed followed the DWM Standard Operating Procedure for grab sampling (CN# 1.0) and analyte-specific WES SOPs.  Using the following criteria, as well as other considerations and input from data reviewers, individual datum were accepted, accepted with qualification or censored.  In cases where poor quality control (eg. blank/cross contamination) affected batched analyses or entire surveys, censoring/qualification decisions were applied to groups of samples (eg. a specific crew’s samples, a specific survey’s samples or all samples from a specific batch analysis).

- Sampling/Analysis Holding Time:  Each analyte has a standard holding time that has been established to ensure sample/analysis integrity.  Refer to DWM Standard Operating Procedure CN# 1.1 for a complete listing.  If the standard holding time was exceeded, this criterion is violated and the data may be censored, depending on the extent of exceedance.  For very minor exceedances (eg. < than 10% of the holding time), the data is typically qualified (“H” for minor holding time violation).

- Quality Control Sample Frequency:  At a minimum, one field blank and one replicate must be collected for every ten samples by any given sampling crew on any given date.  If less than 10%  blanks and/or replicates were collected, the data may be censored or qualified, based on a review of crew member experience, training and history, as well as other factors relevant to the specific survey.

- Field Blanks:  Field blanks were prepared at the DWM Worcester Laboratory.  Reagent grade water was transported into the field in a sample container where it was transferred into a different sample container and fixed where necessary using the same method as its corresponding field sample.  All blanks were submitted to the WES laboratory “blind”.  If the field blank results were greater than the MDL, the data may be censored or qualified, depending on extent and other factors.

- Field Replicates:  In 1999, field replicate samples were taken as “split” samples, where two independent samples were created from a larger volume sample (not sequential duplicates or co-located duplicates).  Both samples were submitted to WES laboratory “blind”.  In order for this data quality criterion to be met, the results must generally be:

•  <20% Relative Percent Difference (RPD) for method detection limits >1mg/L, or

•  <30% RPD for method detection limits <1mg/L.

or meet more specific criteria contained in a 1999 QAPP.  If the criteria are not met, the data may be censored or qualified, depending on extent of exceedance and other factors.  In most cases, poor precision of field split samples reflects potential poor reproducibility for entire surveys and/or analytical batch runs, and may lead to the censoring/qualification of same.

- Laboratory assessment of analytical precision and accuracy:  The WES Laboratory is solely responsible for the administration of its Quality Assurance Program and Standard Operating Procedures.  WES staff release discrete water sample data when their established QA/QC criteria have been met.  When the following criteria cannot be met, data are qualified as “estimated” (using a “J” value) if appropriate, or no data (“ND”) is reported:

• Low Calibration Standards – Checks the stability of the instrument’s calibration curve; analyzes the accuracy of an instrument’s calibration within a 5% range. 

• Reference Standards – Generally, a second source standard (a standard different from the calibration stock standard) that analyzes the method accuracy.
• Laboratory Reagent Blank/Method Blank (LRB) – Reagent grade water (de-ionized) extracted with every sample set used to ensure that the system is free of target analytes (< MDL) and to assess potential blank contamination.

• Duplicate Sample – Measures the precision (as Relative Percent Difference or RPD) of the analytical process.  The acceptable laboratory %RPD range is typically ( 25%.

• Spike Sample (Laboratory Fortified Blank - LFB, Laboratory Fortified Matrix - LFM) – Measures the accuracy (% Recovery) of an analytical method.  The acceptable laboratory % recovery range is typically between 80 – 120% for LFB samples and 70 –130% for LFM discrete water samples.

A4.3  
QA/QC Objectives and Criteria for 1999 (and 1994) Fish Tissue Contaminant Data 

Fish from the Merrimack watershed were collected and processed according to the DWM 1999 Standard Operating Procedure (SOP) for fish contaminant monitoring (now CN 40.0).  This SOP adheres to EPA-approved laboratory QA/QC methodologies (EPA 823-R-95-007).  Laboratory data quality was assessed at WES by analyzing the following quality control samples:

• Laboratory Reagent Blank/Method Blank (LRB) – Clean clam tissue matrix extracted with every sample set to ensure that the system is free of target analytes (< MDL) and to assess the potential for blank contamination.

• Laboratory Fortified Blank (LFB) – Clean clam tissue matrix spiked with a low concentration of target compounds.  LFB results are used to establish accuracy of system’s performance.  The acceptable laboratory % recovery range is typically 80 – 120%.

• Laboratory Fortified Matrix (LFM) – Tissue matrix spiked with a low concentration of a target compound.  LFM and LFM duplicate results are used to establish accuracy of the extraction and analytical process.  The acceptable laboratory % recovery range is typically between 70 – 130% for metal analysis and 60 –140% for PCB/Organochlorine Pesticide analysis.

• Quality Control Standard (QCS) – A pre-spiked secondary tissue sample.  QCS results are used to establish accuracy in the extraction and test methods.  The acceptable laboratory % recovery range is typically between 80–120%.

• Laboratory sample duplicates – A second lab sample is taken the blended fish tissue slurry for analysis of all analytes.  Used to estimate analytical precision, the acceptable laboratory relative percent difference (RPD) for lab duplicates is typically 80-120%.

A4.4 
QA/QC Objectives of 1999 Data for Benthic Macroinvertebrates, Aquatic Habitat and Miscellaneous Biological Monitoring (periphyton, aquatic macrophytes, phytoplankton, etc.) 

Macroinvertebrate sampling and processing was conducted by DWM biologists, as described in the SOP Water Quality Monitoring In Streams Using Aquatic Macroinvertebrates (now 39.0), which is based on US EPA Rapid Bioassessment Protocols (RBP III).  The QAPP for 1999 biomonitoring outlined general QC steps that included:

• Thorough rinsing of sampling equipment between stations to prevent inter-station effects.

• Duplication and checking (for transcription errors) of documentation and database entries. 

• In-house spot-checking (among two DWM biologists) of taxa identifications for accuracy.

A5.  QC Sample Data and Validation Decisions for 1999 (and 1994 fish toxics) Merrimack Watershed Data 

Data validation procedures, as now outlined in DWM’s draft Data Validation SOP (draft, 2001; CN 56.0) were applied to in-situ Hydrolab, discrete water quality and fish tissue data (1994 and 1999) for the Merrimack watershed.  The 1999 Data Validation Report (MADEP 2000a) summarizing 1999 DWM monitoring QA/QC results is also available as a separate evaluation of all 1999 data.

Assessment and validation of the benthic macroinvertebrate, periphyton and habitat data collected for the Merrimack watershed is not covered here.  DWM QA/QC assessment of benthic/habitat data is typically more general in nature (ie. adherence to the SOP and QAPP, discussions with primary staff on QAPP implementation, etc.).

A5.1
Hydrolab Data Validation

Review of 1999 Hydrolab data and imposition of the data acceptance criteria identified in A4.1 resulted in specific validation decisions (censored, qualified or accepted without qualification), as follows in Table A5.1.1.  All other data were accepted.  See the 1999 Data Validation Report appendix for the complete Hydrolab QC records.
Table A5.1.1.  1999 DEP DWM Censored/Qualified Hydrolab Data
	Survey Date(s)
	Waterbody
	Censored/ Qualified Hydrolab Parameters
	Censored/ Qualified
	Reason and/or Clarification

	5/6/99
	Johnsons Pond
	NA
	NA
	Accept Record # 4994 for 5.9 m depth data (not #4995)

	5/17/99
	Lake Cochichewick
	NA
	NA
	Accept Record # 5153 for 3.7 m depth data (not #5154)

	7/13/99
	Newfield Pond 
	NA
	NA
	Accept Record # 799 for 5.5 m depth data (not #800)

	7/13/99
	Newfield Pond
	Temperature at 3.5, 4.5 and 6.5 m depths
	Qualify (u)
	Unstable readings

	9/7/99
	Newfield Pond
	Temp at 5.5 m

D.O. and % SAT at 3.5 m
	Qualify (u) Qualify (u)
	Unstable readings 



	4/21/99
	Chadwicks Pond
	D.O., temp, cond, pH, % saturation, depth and TDS
	Qualify (m)
	Only one reading per depth

	7/14/99
	Massapoag Pond
	D.O. and % SAT at 3.5 m depth
	Qualify (u)
	Unstable readings

	8/11/99
	Massapoag Pond
	Temp at 4.7, 7.5 and 8.5 m
	Qualify (u)


	Unstable readings 



	9/9/99
	Massapoag Pond
	Temp at 4.5 and 8.4 m

D.O. and % SAT at 4.5 and 6.2 m
	Qualify (u) 

Qualify (u)


	Unstable readings 




A5.2
Discrete Sample Data Validation

Field blank and field replicate sampling results for discrete water quality sample data are provided in Tables A.5.2.1 and A5.2.2.  DEP DWM QA/QC water quality data is managed and maintained in the Water Quality Data Access Database.  
Table A5.2.1.  1999 DEP DWM inlake physico-chemical QA/QC field blank data.  (All units expressed in mg/L unless otherwise specified.)


Date
OWMID
OWMID 
Alkalinity 
Color 
Total 

QA/QC
(mg/L)
(PCU)
Phosphorus 

(mg/L)
Field Blank Samples

08/03/99
LB-0078
BLANK
<2.0
<15
<0.005
09/29/99
LB-0229
BLANK
--  
  --  
<0.005
08/05/99
LB-0105
BLANK
<2.0
<15
<0.005
09/28/99
LB-0405
BLANK
<2.0
<15
<0.005
08/31/99
LB-0380
BLANK
<2.0
<15
<0.005
09/29/99
LB-0234
BLANK
<2.0
  --  
--
07/29/99
LB-0053
BLANK
<1.0
<15d
<0.005
08/25/99
LB-0203
BLANK
<2.0
<15d
<0.005
09/23/99
LB-0354
BLANK
<2.0
<15
<0.005
08/04/99
LB-0096
BLANK
<2.0
<15
<0.005
09/01/99
LB-0241
BLANK
<2.0
<15
<0.005
10/05/99
LB-0390
BLANK
<2.0
<15
<0.005
09/02/99
LB-0256
BLANK
<2.0
<15
<0.005
07/28/99
LB-0065
BLANK
<1.0
<15d
<0.005
08/26/99
LB-0216
BLANK
<2.0
<15
<0.005
09/22/99
LB-0365
BLANK
<2.0
<15
<0.005
08/05/99
LB-0415
BLANK
<2.0
<15
<0.005
08/12/99
LB-0187
BLANK
--  
  --  
<0.005

** =mssing/censored data 

-- = no data (no sample collected)

QUALIFIERS:  d = precision of field duplicate did not meet project data quality objectives; m = field and/or lab SOPs not followed or lost/unanalyzed samples

Table A5.2.1.  Continued.  1999 DEP DWM inlake physico-chemical QA/QC field blank data.  (All units expressed in mg/L unless otherwise specified.) 


Date
OWMID
OWMID 
Alkalinity 
Color 
Total 

QA/QC
(mg/L)
(PCU)
Phosphorus 

(mg/L)
Field Blank Samples

07/15/99
LB-0029
BLANK
<2.0
<15d
<0.005
08/12/99
LB-0183
BLANK
--  
  --  
<0.005
09/13/99
LB-0329
BLANK
<2.0
<15
<0.005
07/27/99
LB-0041
BLANK
<1.0
<15
<0.005
08/24/99
LB-0191
BLANK
<2.0
<15d
<0.005
09/21/99
LB-0341
BLANK
<2.0
<15
<0.005
07/14/99
LB-0023
BLANK
<2.0
<15
<0.005
08/11/99
LB-0171
BLANK
<1.0
<15
<0.005
09/09/99
LB-0316
BLANK
<2.0
  --  
<0.005
07/13/99
LB-0003
BLANK
  2.0
**m  
<0.005
08/10/99
LB-0153
BLANK
<1.0
<15
<0.005
09/07/99
LB-0304
BLANK
<2.0
  --  
<0.005
09/13/99
LB-0281
BLANK
<2.0
<15
<0.005
08/11/99
LB-0120
BLANK
--  
  --  
<0.005
09/15/99
LB-0267
BLANK
<2.0
  --  
<0.005
** = missing/censored data 

-- = no data (no sample collected)

QUALIFIERS:  d = precision of field duplicate did not meet project data quality objectives; m = field and/or lab SOPs not followed or lost/unanalyzed samples
Table A5.2.2.  1999 DEP DWM inlake physico-chemical QA/QC field replicate data.  


Date
OWMID
OWMID 
Alkalinity 
Color 
Total 

QA/QC
(mg/L)
(PCU)
Phosphorus 

(mg/L)
Mill Road Pond (Palis: 41032)
Station: A
Description: deep hole, near dam at eastern end of pond, Brimfield.

8/3/1999
LB-0076
LB-0077
18  
55
0.023

8/3/1999
LB-0077
LB-0076
20  
60
0.020

Relative Percent Difference (RPD):
10.5%
8.7%
14.0%

9/29/1999
LB-0226
LB-0227
13  
  --  
0.025

9/29/1999
LB-0227
LB-0226
11  
  --  
0.026

Relative Percent Difference (RPD):
16.7%
3.9%
Morse Pond (Palis: 41033)
Station: A
Description: deep hole near outlet at southern end , Southbridge.

8/5/1999
LB-0103
LB-0104
15  
50
0.12 

8/5/1999
LB-0104
LB-0103
15  
46
0.14 

Relative Percent Difference (RPD):
0.0%
8.3%
15.4%

9/28/1999
LB-0403
LB-0404
  9.0
41
0.017

9/28/1999
LB-0404
LB-0403
  9.0
44
0.018

Relative Percent Difference (RPD):
0.0%
7.1%
5.7%
Sherman Pond (Palis: 41046)
Station: A
Description: deep hole in northeast quadrant of pond, Brimfield.

8/31/1999
LB-0378
LB-0379
**m  
38
0.022

8/31/1999
LB-0379
LB-0378
12  
29
0.021

Relative Percent Difference (RPD):
26.9%
4.7%
Sibley Pond (Palis: 41047)
Station: A
Description: North Basin, deep hole at southern end, Charlton.

7/29/1999
LB-0051
LB-0052
25d 
17d
0.030

7/29/1999
LB-0052
LB-0051
15d  
31d
0.030

Relative Percent Difference (RPD):
50.0%
58.3%
0.0%

8/25/1999
LB-0201
LB-0202
20  
44d
0.050

8/25/1999
LB-0202
LB-0201
19  
25d
0.048

Relative Percent Difference (RPD):
5.1%
55.1%
4.1%
** = missing/censored data;    -- = no data (no samples collected);   QUALIFIERS: d = precision of field duplicate did not meet project data quality objectives;  m = field and/or lab SOPs not followed or lost/unanalyzed samples 

Table A5.2.2.  Continued.  1999 DEP DWM inlake physico-chemical QA/QC field replicate data.  


Date
OWMID
OWMID 
Alkalinity 
Color 
Total 

QA/QC
(mg/L)
(PCU)
Phosphorus 

(mg/L)
Sibley Pond (Palis: 41048)
Station: A
Description: South Basin, deep hole close to center of pond, Charlton.

9/23/1999
LB-0353
LB-0352
19  
75
0.084

9/23/1999
LB-0352
LB-0353
18  
70
0.088

Relative Percent Difference (RPD):
5.4%
6.9%
4.7%
Pierpont Meadow Pond (Palis: 42043)
Station: A
Description: deep hole south of Charlton/Dudley border, Dudley.

8/4/1999
LB-0094
LB-0095
12  
17
**d  

8/4/1999
LB-0095
LB-0094
10  
17
**d  

Relative Percent Difference (RPD):
18.2%
0.0%

9/1/1999
LB-0238
LB-0239
11  
29
0.022

9/1/1999
LB-0239
LB-0238
12  
29
0.019

Relative Percent Difference (RPD):
8.7%
0.0%
14.6%

10/5/1999
LB-0388
LB-0389
11  
23
0.027d

10/5/1999
LB-0389
LB-0388
11  
22
0.016d

Relative Percent Difference (RPD):
0.0%
4.4%
51.2%
Rochdale Pond (Palis: 42048)
Station: A
Description: deep hole in southeastern quadrant near outlet, Leicester.

9/2/1999
LB-0254
LB-0255
14  
46
0.028

9/2/1999
LB-0255
LB-0254
13  
  --  
0.028

Relative Percent Difference (RPD):
7.4%
0.0%
Wallis Pond (Palis: 42062)
Station: A
Description: deep hole, southern central lobe near dam, Dudley.

7/28/1999
LB-0063
LB-0064
20  
46d
0.021

7/28/1999
LB-0064
LB-0063
21  
60d
0.022

Relative Percent Difference (RPD):
4.9%
26.4%
4.7%

8/26/1999
LB-0214
LB-0215
30  
43
0.028

8/26/1999
LB-0215
LB-0214
31  
31
0.028

Relative Percent Difference (RPD):
3.3%
32.4%
0.0%

9/22/1999
LB-0363
LB-0364
12  
49
0.025

9/22/1999
LB-0364
LB-0363
14  
60
0.025

Relative Percent Difference (RPD):
15.4%
20.2%
0.0%
Lower Mystic Lake (Palis: 71027)
Station: B
Description: northwest quadrant of pond, Arlington/Medford.

8/5/1999
LB-0416
LB-0417
54  
<15
**d  

8/5/1999
LB-0417
LB-0416
56  
  --  
**d 

Relative Percent Difference (RPD):
3.6%

Ganawatte Farm Pond (Palis: 73037)
Station: A
Description: deep hole, northern lobe of pond, Walpole

7/15/1999
LB-0027
LB-0028
12  
230d
0.030d

7/15/1999
LB-0028
LB-0027
13  
120d
0.041d

Relative Percent Difference (RPD):
8.0%
62.9%
31.0%

8/12/1999
LB-0181
LB-0182
12  
120d
**m  

8/12/1999
LB-0182
LB-0181
14  
70d
**m  

Relative Percent Difference (RPD):
15.4%
52.6%

9/13/1999
LB-0327
LB-0328
12  
110d
0.034

9/13/1999
LB-0328
LB-0327
12  
70d
0.035

Relative Percent Difference (RPD):
0.0%
44.4%
2.9%

** = missing/censored data;    -- = no data (no samples collected);   QUALIFIERS: d = precision of field duplicate did not meet project data quality objectives;  m = field and/or lab SOPs not followed or lost/unanalyzed samples 

Table A5.2.2.  Continued.  1999 DEP DWM inlake physico-chemical QA/QC field replicate data 


Date
OWMID
OWMID 
Alkalinity 
Color 
Total 

QA/QC
(mg/L)
(PCU)
Phosphorus 

(mg/L)
Turners Pond (Palis: 73059)
Station: A
Description: deep hole in southeastern quadrant, Milton.

7/27/1999
LB-0039
LB-0040
20  
44
0.054

7/27/1999
LB-0040
LB-0039
21  
40
0.053

Relative Percent Difference (RPD):
4.9%
9.5%
1.9%

8/24/1999
LB-0189
LB-0190
23  
<15d
0.038

8/24/1999
LB-0190
LB-0189
22  
26d
0.037

Relative Percent Difference (RPD):
4.4%
53.7%
2.7%

9/21/1999
LB-0339
LB-0340
19  
29
0.048

9/21/1999
LB-0340
LB-0339
18  
31
0.048

Relative Percent Difference (RPD):
5.4%
6.7%
0.0%
Flint Pond (Palis: 84012)
Station: A
Description: deep hole, center of eastern lobe, Tyngsborough.

7/14/1999
LB-0020
LB-0022
28  
50
0.025

7/14/1999
LB-0022
LB-0020
25  
65
0.025

Relative Percent Difference (RPD):
11.3%
26.1%
0.0%

8/11/1999
LB-0169
LB-0170
33  
28d
0.021

8/11/1999
LB-0170
LB-0169
35  
35d
0.021

Relative Percent Difference (RPD):
5.9%
22.2%
0.0%

9/9/1999
LB-0314
LB-0315
36  
  --  
0.017

9/9/1999
LB-0315
LB-0314
37  
  --  
0.016

Relative Percent Difference (RPD):
2.7%
6.1%
Newfield Pond (Palis: 84046)
Station: A
Description: deep hole in southeastern quadrant near outlet, Chelmsford.

7/13/1999
LB-0001
LB-0002
26  
<15m
0.022

7/13/1999
LB-0002
LB-0001
26  
17m
0.022

Relative Percent Difference (RPD):
0.0%
12.5%
0.0%

8/10/1999
LB-0151
LB-0152
26  
23
0.024

8/10/1999
LB-0152
LB-0151
27  
23
0.024

Relative Percent Difference (RPD):
3.8%
0.0%
0.0%

9/7/1999
LB-0302
LB-0303
27  
  --  
0.020

9/7/1999
LB-0303
LB-0302
29  
  --  
0.018

Relative Percent Difference (RPD):
7.1%
10.5%
Ryder Pond (Palis: 96268)
Station: A
Description: deep hole in northwest quadrant of pond, Truro.

9/13/1999
LB-0279
LB-0280
<2.0
<15
0.008 

9/13/1999
LB-0280
LB-0279
<2.0
<15
0.008

Relative Percent Difference (RPD):
0.0%
0.0%
0.0%
Walkers Pond (Palis: 96331)
Station: A
Description: deep hole, mid pond, Brewster.

8/11/1999
LB-0118
LB-0119
--  
  --  
0.074

8/11/1999
LB-0119
LB-0118
--  
  --  
0.074

Relative Percent Difference (RPD):
0.0%

9/15/1999
LB-0265
LB-0266
  6.0
  --  
0.054

9/15/1999
LB-0266
LB-0265
  8.0
  --  
0.054

Relative Percent Difference (RPD):
28.6%
0.0%
** = missing/censored data;    -- = no data (no samples collected);   QUALIFIERS: d = precision of field duplicate did not meet project data quality objectives;  m = field and/or lab SOPs not followed or lost/unanalyzed samples 

A5.2.3
Censored/Qualified 1999 Merrimack Discrete Water Sample Data

Data censored, qualified or accepted without qualification are summarized below.  All other data were accepted.
Table A5.2.3.1.  1999 DEP DWM Censored/Qualified Discrete Water Sample Data.
	Watershed/ water body 
	Sample Date
	OWMID #s
	Analyte
	Censored/ Qualified
	Reason

	Newfield Pond
	8/10
	LB-0155
	TP
	Censor (m)
	Sample filtered after digestion, due to iron floc problem (current recommendation for this type of sample is not to filter)

	Newfield Pond
	7/13
	LB-0005
	TP
	Censor (m)
	Sample filtered after digestion, due to iron floc problem (current recommendation for this type of sample is not to filter)

	Newfield Pond
	7/13
	LB-0001, 0002 and 0005
	Color
	Qualify (m)
	Ambient field blank taken (LB-0003), but not analyzed or reported; survey run qualified

	Newfield Pond
	7/13
	LB-0004
	Chlorophyll a
	Qualify (b)
	Blank contamination due to poor lab procedures from 7/13-7/29 (corrected on 7/29)

	Massapoag Pond
	7/14
	LB-0015
	Chlorophyll a
	Qualify (b)
	Blank contamination (same as above)

	Flint Pond
	7/14
	LB-0021
	Chlorophyll a
	Qualify (b)
	Blank contamination (same as above)


A5.3
1999 Benthic Macroinvertebrate, Habitat Assessment and Fish Population Data

Based on review of the Merrimack River Watershed 1999 Biological Assessment (Appendix C) and discussions with DWM biologists, there was no reason found to censor or qualify any of the information gathered as part of the 1999 benthic/habitat/fish population surveys.

A5.4
1999 Merrimack Fish Toxics Data

DWM finds all 1999 fish tissue data from the Merrimack watershed to be acceptable and usable.
All fish tissue data passed QC acceptance limits of the WES laboratory and lab-validated data were reported by WES without qualification.  Lab duplicate precision estimates for metals (Hg, Pb, Cd, As and Se) were 10% RPD or less.  Lab accuracy estimates for metals using fortified blanks and QC samples ranged from 84 to 108 % recovery for all analytes.  Lab accuracy estimates for metals using fortified sample matrix samples were slightly higher, ranging from 80 to 113 % recovery for all analytes.

Lab accuracy estimates for organic contaminants using lab-fortified blanks were generally within 80-120 % recovery for all analytes tested, with the following exceptions:  Lab blanks spiked with PCB A1242 showed poor recovery (62%) and that for DDT was 128% recovery.  All lab organics blanks showed non-detectable concentrations.  Lab duplicate data for DDT and the congenor BZ#118 were acceptable.   Lab fortified matrix samples using PCB arochlors and selected pesticides showed good recoveries, ranging from 94-120 % for LFM and LFM duplicates. 

Although an extensive, external validation of 1999 fish tissue data was not performed, the results and conclusions contained in DWM’s 1999 Fish Toxics Monitoring Public Request and Year 2 Watershed Surveys report are valid.

Three ponds (Lake Cochichewick, Johnsons Pond and Chadwicks Pond) in the Merrimack watershed were sampled for fish tissue contaminants in 1999 as part of the mercury research study conducted by DEP’s Office of Research and Standards (ORS).  This appendix does not include external validation of ORS study data from the Merrimack watershed. 

Relevant QC information for 1999 fish toxics data are provided in the tables below.  There were no field duplicate QC samples taken in 1999.

Table A5.4.1.  1999 DEP DWM laboratory QA/QC blank data for organics in fish tissue.  The analytes were extracted and analyzed according to the modified AOAC 983.21 procedure for the analysis of PCB Aroclors and Congeners and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.) 
	DATE ANALYZED
	LABORATORY

SAMPLE NUMBER
	ANALYTE

	
	
	% Lipid
	Pesticides
	PCBs

	2 December 1999
	BLANK - 1
	0.07
	ND
	ND

	3 December 1999
	BLANK - 2
	0.09
	ND
	ND

	7 December 1999
	BLANK - 3
	0.09
	ND
	ND

	8 December 1999
	BLANK - 4
	0.08
	ND
	ND

	9 December 1999
	BLANK - 5
	0.07
	ND
	ND

	10 December 1999
	BLANK - 6
	0.09
	ND
	ND

	14 December 1999
	BLANK - 7
	0.07
	ND
	ND

	15 December 1999
	BLANK - 8
	0.15
	ND
	ND

	16 December 1999
	BLANK - 9
	0.16
	ND
	ND

	17 December 1999
	BLANK - 10
	0.10
	ND
	ND

	21 December 1999
	BLANK - 11
	0.12
	ND
	ND

	22 December 1999
	BLANK - 12 
	0.09
	ND
	ND

	ND - Not detected or the analytical result is at or below the established method detection limit (listed in section A6).

	NOTE: Merrimack River Basin samples were batched with others.  These laboratory QA/QC blank data for organics in fish tissue are pertinent to Merrimack River Basin samples.
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Table A5.4.2.  1999 DEP DWM Merrimack River Basin laboratory QA/QC data for metals in fish tissue.  (Data expressed in mg/Kg wet weight unless otherwise noted.)
	
	
	Precision
	LFM Accuracy
	Accuracy

(% Recovery)
	
	

	Sample

ID
	Analyte
	Sample
	Duplicate
	RPD
	Spike

Amount
	Spike

Recovered
	Percent Spike

Recovery (%)

(WES LFM)
	Sample

Mean
	LFM

(spike + sample)
	LFB
	QCS
	MDL
	Analytical

Method

	L990113-10
	Hg
	0.57
	0.59
	3.4
	2.0
	2.14
	107
	0.580
	2.72
	106
	107
	0.02
	EPA 245.6

	L990113-20
	As
	<MDL
	<MDL
	NA
	2.0
	1.68
	84
	NA
	NA
	96
	92
	0.04
	EPA 200.9

	L990113-20
	Se
	0.073
	0.081
	10.4
	2.0
	2.22
	111
	0.077
	2.30
	97
	93
	0.04
	EPA 200.9

	L990113-20
	Pb
	<MDL
	<MDL
	NA
	20
	16.0
	80
	NA
	NA
	85
	86
	0.20
	EPA 200.7

	L990113-20
	Cd
	<MDL
	<MDL
	NA
	20
	17.8
	89
	NA
	NA
	84
	88
	0.020
	EPA 200.7

	L990113-22
	Hg
	1.28
	1.31
	2.3
	2.0
	2.26
	113
	1.295
	3.56
	108
	105
	0.02
	EPA 245.6

	L990140-2
	Hg
	0.40
	0.41
	2.5
	2.0
	1.78
	89
	0.405
	2.19
	100
	96
	0.02
	EPA 245.6

	L990142-5
	Se
	0.103
	0.096
	7.0
	2.0
	1.96
	98
	0.100
	2.06
	98
	96
	0.04
	EPA 200.9

	L990142-5
	As
	<MDL
	<MDL
	NA
	2.0
	1.60
	80
	NA
	NA
	101
	93
	0.04
	EPA 200.9

	L990142-5
	Cd
	<MDL
	<MDL
	NA
	20
	19.6
	98
	NA
	NA
	92
	92
	0.02
	EPA 200.7

	L990142-5
	Pb
	<MDL
	<MDL
	NA
	20
	16.4
	82
	NA
	NA
	80
	93
	0.20
	EPA 200.7

	L990166-19
	Se 
	0.145
	0.145
	0
	2.0
	1.88
	94
	0.145
	2.03
	88
	90
	0.04
	EPA 200.9

	L990166-19
	As
	0.097
	0.117
	18.7
	2.0
	NA
	*
	0.107
	NA
	101
	106
	0.04
	EPA 200.9

	L990166-19
	Pb
	<MDL
	<MDL
	NA
	20
	18.0
	90
	NA
	NA
	92
	95
	0.20
	EPA 200.7

	L990166-19
	Cd
	<MDL
	<MDL
	NA
	20
	19.0
	95
	NA
	NA
	93
	102
	0.02
	EPA 200.7

	LFB - Laboratory Fortified Blank
	
	NR - Not Reported
	

	LFM - Laboratory Fortified Matrix
	
	QCS - Quality Control Sample
	NA - Not Applicable

	MDL - Method Detection Limit
	
	RPD - Relative Percent Difference
	LFM Calculation:     SA  x %SR = SR ;   SR + SM = LFM

	*  matrix interference; final concentration determined by method of standard additions
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Table A5.4.3.  1999 DEP DWM laboratory QA/QC lab fortified blank data for organics in fish tissue.  The analytes were extracted and analyzed according to the modified AOAC 983.21 procedure for the analysis of PCB Aroclors and Congeners and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.)
	DATE ANALYZED
	2 December 1999
	7 December 1999
	8 December 1999
	14 December 1999
	16 December 1999

	LABORATORY SAMPLE NUMBER
	Laboratory Fortified Blank #1
	Laboratory Fortified Blank #2
	Laboratory Fortified Blank #3
	Laboratory Fortified Blank #4
	Laboratory Fortified Blank #5

	%LIPIDS
	0.10
	0.07
	0.10
	0.07
	0.08

	ANALYTE
	PCB A1260   MDL 0.11
	Chlordane   MDL 0.11
	PCB A1242   MDL 0.26
	Toxaphene   MDL 0.59
	Lindane   MDL 0.009
Heptachlor   MDL 0.012
Aldrin   MDL 0.016
DDT   MDL 0.011

	Spike Amount
	0.96
	0.98
	1.0
	0.96
	Lindane  0.010

Heptachlor  0.010

Aldrin  0.010

DDT  0.020

	Spike Recovered
	0.95
	1.0
	0.67
	0.91
	Lindane  0.0098

Heptachlor  0.0115

Aldrin  0.0120

DDT  0.0255

	Spike % Recovery
	99
	102
	67
	95
	Lindane  98

Heptachlor  115

Aldrin  120

DDT  128

	MDL – method detection limit

NOTE: Merrimack River Basin samples were batched with others.  These laboratory QA/QC lab fortified blank data for organics in fish tissue are pertinent to Merrimack River Basin samples.


Table A5.4.4.  1999 DEP DWM laboratory QA/QC duplicate data for organics in fish tissue.  The analytes were extracted and analyzed according to the modified AOAC 983.21 procedure for the analysis of PCB Aroclors and Congeners and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.)  
	DATE ANALYZED
	LABORATORY

SAMPLE NUMBER
	ANALYTE

	
	
	Pesticides*
	PCBs*
	% Lipid

	3 December 1999
	L990067-7
	DDE   0.012

DDT   0.012
	BZ# 118   0.0030
	0.22

	
	L990067-7  duplicate
	DDE   0.012

DDT   0.014
	BZ# 118   0.0027
	0.19

	
	relative percent difference
	DDE   0%

DDT   15.4%
	BZ# 118   10.53%
	15%

	10 December 1999
	L990178-24
	ND
	ND
	0.20

	
	L990178-24  duplicate
	ND
	ND
	0.23

	
	relative percent difference
	NA
	NA
	14%

	15 December 1999
	L990212-3
	ND
	ND
	0.63

	
	L990212-3  duplicate
	ND
	ND
	0.63

	
	relative percent difference
	NA
	NA
	0%

	NA - not applicable

ND - not detected

*  Fish tissue organic analytes (listed in Section A6) not appearing in the above table were included in the analysis and were not detected.

	NOTE: Merrimack River Basin samples were batched with others.  These laboratory QA/QC duplicate data for organics in fish tissue are pertinent to Merrimack River Basin samples.


Table A5.4.5.  1999 DEP DWM laboratory QA/QC lab fortified matrix and matrix spike duplicate data for organics in fish tissue.  The analytes were extracted and analyzed according to the modified AOAC 983.21 procedure for the analysis of PCB Aroclors and Congeners and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.)

	DATE ANALYZED
	21 December

1999
	21 December

1999
	23 December

1999
	23 December

1999

	LABORATORY SAMPLE NUMBER
	Matrix Spike
L990227-2
	Matrix Spike

Duplicate

L990227-2
	Matrix Spike
L990271-1
	Matrix Spike

Duplicate
L990271-1

	%LIPIDS
	0.20
	0.19
	0.11
	0.20

	ANALYTE
	PCB A1260

MDL  0.11
	PCB A1260

MDL  0.11
	Lindane   MDL 0.009

Heptachlor   MDL 0.012
Aldrin   MDL 0.016
DDT   MDL 0.011
	Lindane   MDL 0.009

Heptachlor   MDL 0.012
Aldrin   MDL 0.016
DDT   MDL 0.011

	SPIKE AMOUNT
	1.14
	1.14
	Lindane  0.025

Heptachlor  0.025

Aldrin  0.025

DDT  0.050
	Lindane  0.025

Heptachlor  0.025

Aldrin  0.025

DDT  0.050

	SPIKE RECOVERED
	1.08
	1.07
	Lindane  0.026

Heptachlor  0.024

Aldrin  0.026

DDT  0.052
	Lindane  0.026

Heptachlor  0.027

Aldrin  0.028

DDT  0.060

	SPIKE % RECOVERY
	95
	94
	Lindane  104

Heptachlor  96

Aldrin  104

DDT  104
	Lindane  104

Heptachlor  108

Aldrin  112

DDT  120

	MDL – method detection limit
NOTE: Merrimack River Basin samples were batched with others.  These laboratory QA/QC lab fortified matrix data for organics in fish tissue are pertinent to Merrimack River Basin samples.


A5.5
1994 Merrimack Fish Toxics Data

DWM finds all 1994 fish tissue data from the Merrimack watershed to be acceptable and usable.  
Users should take the age of the data into account; 1994 data may not represent present (2001) conditions.
All fish tissue data passed QC acceptance limits of the WES laboratory and lab-validated data were reported by WES without qualification.  As for 1999 data, an extensive, external validation of 1994 fish tissue data was not performed.  

Lab duplicate precision estimates for metals (Hg, Pb, Cd, As and Se) were generally 24% RPD or less, except for one sample for arsenic, where the RPD was 181% (.041 and <MDL).  This sheds questions on the arsenic results for that batch run.  Lab accuracy estimates for metals using lab-fortified blanks ranged from 75-132 % recovery, and for QC samples ranged from <MDL (Pb on two occasions) to 120 % recovery for all analytes.  On two occasions, QC samples for Pb showed < MDL.  This indicates that sample results for lead for the associated batches may have significant error.  Lab accuracy estimates for metals using fortified sample matrix samples ranged from 72 to 127 % recovery for all analytes, except for one Se matrix sample at 64% recovery.  All lab organics blanks showed non-detectable concentrations.   Lab duplicate data showed non-detectable concentrations for all analytes tested.  Lab fortified matrix sample spike/spike duplicate recovery using PCB arochlor 1260 was 146%, and that for lindane, heptochlor, aldrin and DDT were 63%, 91%, 109% and 64%, respectively.  This indicates potential significant error in the associated batch analysis of lindane and DDT.  Although the metals and organics data have been accepted without qualification, potential users of data involving poor quality control (as referenced above) are advised to consider the potential error in sample data for specific analytes.

Relevant QC information for 1994 fish toxics data are provided in the tables below.  There were no field duplicate QC samples taken in 1994.

Table A5.5.1.  1994 Fish Tissue Analytical Methods and MDLs 

	Fish Tissue Analytes
	EPA Method*
	Method
	MDLs

	PCB Arochlor 1242
	
	AOAC 983.21**
	0.06 (g/g wet wt

	PCB Arochlor 1254
	
	“
	0.17 (g/g wet wt

	PCB Arochlor 1260
	
	“
	0.16 (g/g wet wt

	Chlordane
	
	“
	0.11 (g/g wet wt

	Toxaphene
	
	“
	0.11 (g/g wet wt

	a-BHC
	
	“
	0.19 (g/g wet wt

	b-BHC
	
	“
	0.09 (g/g wet wt

	Lindane
	
	“
	0.16 (g/g wet wt

	d-BHC
	
	“
	0.02 (g/g wet wt

	Hexachlorocyclopentadiene
	
	“
	0.10 (g/g wet wt

	Trifluralin
	
	“
	0.11 (g/g wet wt

	Hexachlorobenzene
	
	“
	0.04 (g/g wet wt

	Heptachlor
	
	“
	0.08 (g/g wet wt

	Heptachlor Epoxide
	
	“
	0.59 (g/g wet wt

	Methoxychlor
	
	“
	1.07 (g/g wet wt

	DDD
	
	“
	0.13 (g/g wet wt

	DDE
	
	“
	0.39 (g/g wet wt

	DDT
	
	“
	0.25 (g/g wet wt

	Aldrin
	
	“
	0.15 (g/g wet wt

	Arsenic
	EPA 200.9
	
	0.040, 0.04,mg/kg   0.002 mg/L

	Lead
	EPA 239.1
	
	1.0, 1.00 mg/kg   0.03, 0.05 mg/L

	Lead
	EPA 200.7A
	
	0.05 mg/L

	Selenium
	EPA 270.2
	
	0.04, 0.040 mg/kg   0.002 mg/L

	Cadmium
	EPA 213.1
	
	0.01, 0.20, 0.03 mg/kg

	Cadmium
	EPA 200.7A
	
	0.03mg/L

	Mercury
	EPA 245.1
	
	0.0002 mg/L


*  =  “Methods for Chemical Analysis of Water and Wastes”, Environmental Protection Agency, Environmental Monitoring Systems Laboratory – Cincinnati (EMSL-CI), EPA-600/4-79-020, Revised March 1983 and 1979 where applicable.
**  = procedure for the analysis of PCB Aroclors and Congeners and Organochlorine Pesticides
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Table A5.5.2.  1994 DEP OWM laboratory QA/QC data for metals in fish tissue.  (Data expressed in mg/kg wet weight unless otherwise noted.)
	
	
	Precision
	LFM Accuracy
	Accuracy

(% Recovery)
	
	

	Sample

ID
	Analyte
	Sample
	Duplicate
	RPD
	Spike

Amount
	Spike

Recovered
	Spike

Recovery (%)

(WES LFM)
	Sample

Mean
	LFM

(spike + sample)
	LFB
	QCS
	MDL


	Analytical

Method

	94-4636
	As 
	<MDL
	<MDL
	NA
	NR
	NA
	78
	NA
	NA
	75
	98
	0.040
	EPA 200.9

	94-4636
	Se
	0.169
	0.172
	2
	NR
	NA
	72
	NA
	NA
	132
	92
	0.040
	EPA 270.2

	94-4636
	Cd
	<MDL
	<MDL
	NA
	NR
	NA
	116
	NA
	NA
	106
	96
	0.20
	EPA 213.1

	94-4636
	Pb
	<MDL
	<MDL
	NA
	NR
	NA
	110
	NA
	NA
	96
	90
	1.00
	EPA 239.1

	94-4254
	As 
	<MDL
	<MDL
	NA
	NR
	NA
	84
	NA
	NA
	73
	111
	0.04
	EPA 200.9

	94-4254
	Pb
	<MDL
	<MDL
	NA
	NR
	NA
	113
	NA
	NA
	117
	97
	1.0
	EPA 239.1

	94-4254
	Cd
	<MDL
	<MDL
	NA
	NR
	NA
	87
	NA
	NA
	101
	115
	0.20
	EPA 213.1

	94-4254
	Se
	0.084
	0.078
	7
	NR
	NA
	72
	NA
	NA
	87
	76
	0.04
	EPA 270.2

	94-3967
	Se
	0.203
	0.178
	13
	NR
	NA
	104
	NA
	NA
	118
	87
	0.002
	EPA 270.2

	94-3967
	As
	0.041
	<MDL
	181
	NR
	NA
	80
	NA
	NA
	70
	109
	0.002
	EPA 200.9

	94-3967
	Pb
	<MDL
	<MDL
	NA
	NR
	NA
	70
	NA
	NA
	80
	80
	0.05
	EPA 200.7A

	94-3967
	Cd
	<MDL
	<MDL
	NA
	NR
	NA
	110
	NA
	NA
	80
	100
	0.03
	EPA 200.7A

	94-3613
	As 
	<MDL
	<MDL
	NA
	NR
	NA
	96
	NA
	NA
	117
	67
	0.002
	EPA 200.9

	94-3613
	Se
	0.14
	0.13
	7
	NR
	NA
	127
	NA
	NA
	91
	114
	0.002
	EPA 270.2

	94-3613
	Cd
	<MDL
	<MDL
	NA
	NR
	NA
	100
	NA
	NA
	100
	100
	0.03
	EPA 213.1

	94-3613
	Pb
	<MDL
	<MDL
	NA
	NR
	NA
	110
	NA
	NA
	110
	<MDL
	0.05
	EPA 239.1

	94-2530
	Se
	<MDL
	<MDL
	NA
	NR
	NA
	64
	NA
	NA
	93
	80
	0.002
	EPA 270.2

	94-2529
	As
	<MDL
	<MDL
	NA
	NR
	NA
	75
	NA
	NA
	89
	91
	0.002
	EPA 200.9

	94-2529
	Pb
	<MDL
	<MDL
	NA
	NR
	NA
	98
	NA
	NA
	97
	98
	0.03
	EPA 239.1

	94-2529
	Cd
	<MDL
	<MDL
	NA
	NR
	NA
	102
	NA
	NA
	90
	100
	0.01
	EPA 213.1

	94-3064
	As
	<MDL
	<MDL
	NA
	NR
	NA
	85
	NA
	NA
	89
	90
	0.002
	EPA 200.9

	94-3064
	Cd
	<MDL
	<MDL
	NA
	NR
	NA
	100
	NA
	NA
	100
	100
	0.01
	EPA 213.1

	94-3064
	Pb
	<MDL
	<MDL
	NA
	NR
	NA
	90
	NA
	NA
	110
	<MDL
	0.03
	EPA 239.1

	94-3064
	Se
	0.09
	0.09
	0
	NR
	NA
	118
	NA
	NA
	92
	80
	0.002
	EPA 270.2

	94-3975
	Hg
	0.16
	0.16
	0
	NR
	NA
	108
	NA
	NA
	110
	110
	0.0002
	EPA 245.1

	94-4228
	Hg
	1.07
	1.05
	2
	NR
	NA
	98
	NA
	NA
	104
	110
	0.0002
	EPA 245.1

	94-3062
	Hg
	0.064
	0.063
	2
	NR
	NA
	96
	NA
	NA
	100
	110
	0.0002
	EPA 245.1

	94-3540
	Hg
	0.082
	0.102
	22
	NR
	NA
	88
	NA
	NA
	99
	115
	0.0002
	EPA 245.1

	94-4160
	Hg
	0.373
	0.333
	11
	NR
	NA
	90
	NA
	NA
	110
	120
	0.0002
	EPA 245.1

	94-4650
	Hg
	0.090
	0.115
	24
	NR
	NA
	92
	NA
	NA
	105
	110
	0.0002
	EPA 245.1

	94-2530
	Hg
	0.112
	0.100
	11
	NR
	NA
	99
	NA
	NA
	90
	100
	0.0002
	EPA 245.1

	LFB - Laboratory Fortified Blank
	
	NR - Not Reported
	

	LFM - Laboratory Fortified Matrix
	
	QCS - Quality Control Sample
	LFM Calculation:     SA  x %SR = SR ;   SR + SM = LFM

	MDL - Method Detection Limit
	
	RPD - Relative Percent Difference
	

	NA - Not Applicable
	
	
	

	NOTE: Merrimack River Basin samples were batched with others.  These laboratory QA/QC data for metals in fish tissue are pertinent to Merrimack River Basin samples


Table A5.5.3.  1994 DEP OWM laboratory QA/QC blank data for organics in fish tissue.  The analytes were extracted and analyzed according to the modified AOAC 983.21 procedure for the analysis of PCB Aroclors and Congeners and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.) 

	DATE ANALYZED
	LABORATORY

SAMPLE NUMBER
	ANALYTE

	
	
	% Lipid
	Pesticides
	PCBs

	15 February 1995
	BLANK - 50
	0.19
	ND
	ND

	16 February 1995
	BLANK - 51
	0.26
	ND
	ND

	17 February 1995
	BLANK - 52
	0.17
	ND
	ND

	ND - Not detected or the analytical result is at or below the established method detection limit (listed in Table A5.5.1).

	NOTE: Merrimack River Basin samples were batched with others.  These laboratory QA/QC blank data for organics in fish tissue are pertinent to Merrimack River Basin samples


Table A5.5.4.  1994 DEP OWM laboratory QA/QC duplicate data for organics in fish tissue.  The analytes were extracted and analyzed according to the modified AOAC 983.21 procedure for the analysis of PCB Aroclors and Congeners and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.) 
	DATE ANALYZED
	LABORATORY

SAMPLE NUMBER
	ANALYTE

	
	
	Pesticides*
	PCBs*
	% Lipid

	16 February 1995
	94-4164
	ND
	ND
	1.1%

	
	94-4164  duplicate
	ND
	ND
	1.1%

	
	relative percent difference
	NA
	NA
	0%

	17 February 1995
	94-4653
	ND
	ND
	0.68

	
	94-4653  duplicate
	ND
	ND
	0.49

	
	relative percent difference
	NA
	NA
	32

	NA - not applicable

ND - not detected

*  Fish tissue organic analytes (listed in Table A5.5.1) not appearing in the above table were included in the analysis and were not detected.

	NOTE: Merrimack River Basin samples were batched with others.  These laboratory QA/QC duplicate data for organics in fish tissue are pertinent to Merrimack River Basin samples.


Table A5.5.5.  1994 DEP OWM laboratory QA/QC lab fortified matrix data for organics in fish tissue.  The analytes were extracted and analyzed according to the modified AOAC 983.21 procedure for the analysis of PCBs  and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.)

	DATE ANALYZED
	14 February 1995
	15 February 1995

	LABORATORY SAMPLE NUMBER
	Laboratory Spike - 29
	Laboratory Spike - 30

	%LIPIDS
	0.35
	0.22

	ANALYTE*
	PCB A1260   MDL 0.16
	Lindane   MDL 0.16

Aldrin   0.15

Heptachlor   0.08

DDT   0.25

	SPIKE AMOUNT
	NR
	Lindane   NR

Aldrin   NR

HeptachlorNR   

DDT   NR

	SPIKE RECOVERED
	NR
	Lindane  NR 

Aldrin   NR

HeptachlorNR   

DDT   NR

	SPIKE % RECOVERY
	146
	Lindane   63

Aldrin   109

Heptachlor   91

DDT   64

	MDL – method detection limit
	
	

	NR – not reported
	
	

	*  Fish tissue organic analytes (listed in Table A5.5.1) not appearing in the above table were included in the analysis and were not detected.

	NOTE: Merrimack River Basin samples were batched with others.  These laboratory QA/QC lab fortified matrix data for organics in fish tissue are pertinent to Merrimack River Basin samples.


A6.    1999 Analytical Methods and MDLs 

	Discrete Water Sample Analytes
	EPA Method*
	SM Methods**
	Other Methods
	MDLs

	E. coli - MTEC
	
	SM9213D
	
	<6, <9, <16 CFU/100mL

	Fecal Coliform
	
	SM 9222D
	
	<6, <16 CFU/100ml

	Alkalinity
	
	SM 2320B
	
	1.0, 2, 2.0 mg/l

	Chloride (4500)
	
	SM 4500CL-B
	
	1, 1.0 mg/l

	Hardness
	EPA 200.7
	SM2340B
	
	0.6, 0.66 mg/l

	Turbidity
	EPA 180.1
	
	
	0.10, 0.1 NTU

	Ammonia-N
	EPA 350.1
	
	
	0.02 mg/l

	Nitrate/Nitrite-N
	EPA 353.1
	
	
	0.02 mg/l

	Kjeldahl-N
	EPA 351.2
	
	
	0.10 mg/l

	Phosphorus-P (Manual)
	
	SM 4500P-E
	
	0.01, 0.005 mg/l

	Ortho Phosphorus-P
	
	SM4500P E
	
	0.005 mg/l

	Ortho Dissolved Phosphorus-P (MAN)
	
	SM4500P E
	
	0.01 mg/l

	Suspended Solids
	
	SM 2540D
	
	1.0, 2.5 mg/l

	BOD (2,5,7,14,21)
	
	SM5210B
	
	6.0 mg/l

	CBOD (2,5,7,14,21)
	
	SM5210B
	
	2 mg/l

	Apparent Color
	
	SM2120B
	
	15 pcu

	Conductivity
	
	SM2520A
	
	not given

	Fish Tissue Analytes
	
	
	
	ug/g wet wt

	PCB Arochlor 1242
	
	
	AOAC 983.21***
	0.26 (g/g wet wt

	PCB Arochlor 1254
	
	
	“
	0.37 (g/g wet wt

	PCB Arochlor 1260
	
	
	“
	0.11 (g/g wet wt

	Chlordane
	
	
	“
	0.11 (g/g wet wt

	Toxaphene
	
	
	“
	0.59 (g/g wet wt

	a-BHC
	
	
	“
	0.009 (g/g wet wt

	b-BHC
	
	
	“
	0.011 (g/g wet wt

	Lindane
	
	
	“
	0.009 (g/g wet wt

	d-BHC
	
	
	“
	0.043 (g/g wet wt

	Hexachlorocyclopentadiene
	
	
	“
	0.33 (g/g wet wt

	Trifluralin
	
	
	“
	0.18 (g/g wet wt

	Hexachlorobenzene
	
	
	“
	0.18 (g/g wet wt

	Heptachlor
	
	
	“
	0.012 (g/g wet wt

	Heptachlor Epoxide
	
	
	“
	0.015 (g/g wet wt

	Methoxychlor
	
	
	“
	0.029 (g/g wet wt

	DDD
	
	
	“
	0.011 (g/g wet wt

	DDE
	
	
	“
	0.010 (g/g wet wt

	DDT
	
	
	“
	0.011 (g/g wet wt

	Aldrin
	
	
	“
	0.016 (g/g wet wt

	BZ#81
	
	
	“
	0.0005 (g/g wet wt

	BZ#77
	
	
	“
	0.0005 (g/g wet wt 

	BZ#123
	
	
	“
	0.0011 (g/g wet wt

	BZ#118
	
	
	“
	0.0025 (g/g wet wt

	BZ#114
	
	
	“
	0.0008 (g/g wet wt

	BZ#105
	
	
	“
	0.0019 (g/g wet wt

	BZ#126
	
	
	“
	0.0004 (g/g wet wt

	BZ#167
	
	
	“
	0.0009 (g/g wet wt

	BZ#156
	
	
	“
	0.0007 (g/g wet wt

	BZ#157
	
	
	“
	0.0007 (g/g wet wt

	BZ#180
	
	
	“
	0.0007 (g/g wet wt

	BZ#169
	
	
	“
	0.0003 (g/g wet wt

	BZ#170
	
	
	“
	0.0007 (g/g wet wt

	BZ#189
	
	
	“
	0.0007 (g/g wet wt

	Arsenic
	EPA 200.9
	
	
	0.04 mg/kg

	Lead
	EPA 200.7
	
	
	0.20 mg/kg

	Selenium
	EPA 200.9
	
	
	0.04 mg/kg

	Cadmium
	EPA 200.7
	
	
	0.02 mg/kg

	Mercury
	EPA 245.6
	
	
	0.02 mg/kg

	In-Situ Water Quality Analytes
	
	
	
	

	Hydrolab® Multiprobe Series 3 analyzer (MA DEP 1999d)
	
	
	DWM SOP (CN4.0)
	Not Applicable


*  =  “Methods for Chemical Analysis of Water and Wastes”, Environmental Protection Agency, Environmental Monitoring Systems Laboratory – Cincinnati (EMSL-CI), EPA-600/4-79-020, Revised March 1983 and 1979 where applicable.
**  =  Standard Methods, Examination of Water and Wastewater, 20th edition

***  =  procedure for the analysis of PCB Aroclors and Congeners and Organochlorine Pesticides 

A7.    CONCLUSION

The Merrimack River watershed data collected in 1999 (and in 1994 for fish toxics) were reviewed with regard to project data quality objectives (DQOs) and adherence to DEP/DWM and WES Laboratory SOPs for collection and analysis.  The primary DQO elements of precision, accuracy, representativeness, completeness and comparability (PARCC) were evaluated, as were associated quality control data.

With few exceptions, the precision and accuracy of sampling and analysis met performance criteria.  Where exceptions occurred, there was often not enough justification to censor or qualify the data, and data were accepted without qualification.  Where problems were significant for individual datum and/or for entire surveys or batched analyses, data were censored or qualified, as appropriate. 

The 1999 Merrimack River watershed data is comparable with past and future data collected by DWM and others, based on the use of standardized methods and procedures.  Although buckets were used as necessary for sample collection from drop locations in 1999, this technique has been discontinued.  Use of the bucket method has been noted and, while its use may affect data quality for solids-related analytes (e.g., TSS, turbidity, nutrients, etc.), the 1999 Merrimack data is considered comparable to other data collected via other and current grab sampling methods.
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APPENDIX B - 1999 DEP DWM Merrimack River Basin survey data 

INTRODUCTION

The DWM began sampling in the Merrimack River Basin in April 1999 and, excluding June, continued through September 1999.  Sampling components include macroinvertebrate and habitat quality evaluations in selected wadeable streams, fish sampling for organic and metal toxins in edible fillets, and baseline lake surveys, which included in-situ Hydrolab® Multiprobe Series 3 analyzer (hereafter referred to as Hydrolab®) measurements, alkalinity, color, total phosphorus, chlorophyll a sampling, and macrophyte identification/density at the maximum extent of growth.  Each sampling component is described in the sections that follow.

baseline Lake surveys

Three of the 303(d) listed lakes in the Merrimack River Basin were selected for baseline surveys.  Lakes were preferentially targeted for sampling based on the severity of the nutrient-related problem and the size of the lake (MA DEP 1999a).   Those lakes that were listed solely for non-nutrient related issues (e.g., lakes listed for fish consumption advisories) and those with previous diagnostic/feasibility studies were not selected.  Baseline surveys were conducted to provide information on the current chemical, physical and biological conditions of the lake system (i.e., in-lake and in the surrounding watershed).

Each baseline lake survey included a macrophyte survey conducted once during the late summer at the peak of macrophyte growth (generally in August/September).  The survey data are used in several ways: 1) to determine if the macrophyte growth causes nuisance conditions such that the lake would be listed or delisted on the state's 303(d) list for violations of water quality standards; 2) to determine if the lake meets designed uses in the 305(b) assessments; 3) to monitor changes in density of plant growth following implementation of a TMDL; 4) to document invasive species distributions in the state; and 5) to suggest macrophyte management options for the lake.

Trophic status (an indicator of the productivity level of a lake) is based on the evaluation of data collected during baseline surveys.  Parameters used to determine trophic status include; oxygen levels, chlorophyll a concentrations, total phosphorus levels, Secchi disk measurements, and macrophyte density determinations.

The data are also used to validate Total Maximum Daily Load (TMDL) phosphorus loading models and to document the present trophic conditions as well as assess the status of lake’s designated uses.  The total phosphorus data are used to evaluate accuracy of land use loading estimates (Mattson and Isaac 1999) of total phosphorus to lakes by comparing predictions of lake concentrations based on modeling to actual measured lake concentrations.  These may be used to estimate internal loading or other unmeasured phosphorus sources.  Concurrently, a lake database will be developed for both 303(d) development and for 305(b) evaluation based on lakes that are on the current 303(d) list.  The data contained in this database along with the other data collected are used in TMDL development or to monitor lakes for changes in water quality and nuisance plant growth after TMDL implementation.

fish tOXICS MONITORING

Fish toxics monitoring is aimed primarily at assessing human health risks associated with the consumption of freshwater fishes.  The program is a cooperative effort between three MA DEP Offices/Divisions, (Watershed Management, Research and Standards, and Environmental Analysis), the Department of Fisheries and Wildlife Environmental Law Enforcement, and the Department of Public Health (MDPH).  Fish tissue monitoring is typically conducted to assess the concentrations of toxic contaminants in freshwater fish, identify waterbodies where those concentrations may pose a risk to human health, and identify waters where toxic contaminants may impact fish and other aquatic life.  Fish tissue analysis has been restricted to edible fillets.  The fish toxics monitoring was designed to screen the edible fillets of several species of fish representing different feeding guilds (i.e., bottom dwelling omnivores, top-level predators, etc.) for the presence of heavy metals (Pb, Cd, Se, Hg, As), PCB and organochlorine pesticides.  These data are then used by the Massachusetts Department of Public Health in assessing human health risks associated with the consumption of freshwater fishes.  

During September of 1994 fish toxics monitoring was conducted by MA DEP OWM (now MA DEP DWM) at two stations on the Merrimack River (Lowell and Lawrence).  During April and May of 1999, as part of the ongoing fish toxics monitoring program and in support of an intensive mercury sampling program in northeastern Massachusetts designed by the MA DEP Office of Research and Standards (ORS), fish were sampled by MA DEP DWM at three sites in the Merrimack River Basin:  Chadwicks Pond (a 161-acre pond in Haverhill/Boxford), Johnsons Pond (a 180-acre pond in Groveland/Boxford) and Lake Cochichewick (a 555-acre pond in North Andover).

BENTHIC MACROINVERTEBRATE STUDIES

Excerpted from Merrimack River Watershed 1999 Biological Assessment technical memorandum, which is attached as Appendix C of this Assessment Report.

The main objectives of biomonitoring in the Merrimack River watershed were: (a) to determine the biological health of streams within the watershed by conducting assessments based on aquatic macroinvertebrate communities and habitat quality; and (b) to identify problem stream segments so that efforts can be focused on developing National Pollutant Discharge Elimination System (NPDES) permits, Water Management Act (WMA) permits, stormwater management measures, and control of other nonpoint source pollution.  Specific tasks were:

1. Conduct benthic macroinvertebrate sampling and habitat assessments at selected locations throughout the Merrimack River watershed, 

2. Based upon the macroinvertebrate data, identify river segments within the watershed with potential point/nonpoint source pollution problems, and

3. Using the benthic macroinvertebrate data and supporting water chemistry and field data:

· assess the types of water quality and/or water quantity problems that are present, 

· if possible, make recommendations for remedial actions, and  

· provide macroinvertebrate and habitat quality data to DWM’s Environmental Monitoring and Assessment Program to be used in making aquatic life use assessments required by Section 305(b) of the Federal Clean Water Act (CWA).

Materials And Methods

The DWM sampling plan matrix for the Merrimack River Basin is summarized in Table B1.

Table B1.  1999 Merrimack River Basin Survey DEP DWM sampling matrix.

	WATERBODY
	SEGMENT #
	STATION(S)
	April
	May
	July
	August
	September

	Chadwicks Pond
	MA84006
	deep hole
	H, T
	
	
	
	

	Lake Cochichewick
	MA84008
	deep hole
	
	H, T
	
	
	

	Flint Pond
	MA84012
	A
	
	
	C, F, H, N
	C, F, H, N, P
	C, F, H, N

	Johnsons Pond
	MA84027
	deep hole
	
	H, T
	
	
	

	Massapoag Pond
	MA84087
	A, B, C
	
	
	C, F, H, N
	C, F, H, N
	C, F, H, N, P 

	Newfield Pond
	MA84046
	A
	
	
	C, F, H, N
	C, F, H, N, P
	C, F, H, N

	Stony Brook
	MA84B-03
	SB02
	
	
	M
	
	

	Beaver Brook
	MA84A-11
	BB01
	
	
	M
	
	

	Spicket River
	MA84A-10
	SR01
	
	
	M
	
	

	Cobbler Brook
	MA84A-22
	CB01
	
	
	M
	
	


C=Chemistry (alkalinity, hardness, specific conductivity, chlorides, total solids, suspended solids, turbidity, color);  F=Chlorophyll a;  H= Hydrolab® multiprobe meter (pH, dissolved oxygen, conductivity, temperature, total dissolved solids, percent saturation, depth, turbidity);  M=Macroinvertebrate and Habitat Quality;  N=Nutrients (total phosphorus, ammonia, nitrate/nitrite-nitrogen);  P = Macrophytes;  T=Toxics in fish tissue (Cd, Pb, Hg, As, Se, % lipids, PCB, organochlorine pesticides)

Note:  Fish toxics monitoring was also conducted by MA DEP OWM in 1994 at two locations on the Merrimack River:  station F0082 in Lowell (segment MA84A-01) and station F0083 in Lawrence (segment MA84A-03) (Table B8).  

BASELINE LAKE SURVEYS

Baseline lake surveys were conducted between July and September 1999 to coincide with maximum growth of aquatic vegetation, highest recreational use, and highest lake productivity.  Lakes were sampled three times each (monthly intervals).  The deep hole of Newfield Pond, Chelmsford was sampled 13 July, 10 August, and 7 September 1999.  The deep holes of Flint Pond, Tyngsborough and Massapoag Pond, Dunstable/Groton/Tyngsborough were sampled 14 July, 11 August, and 9 September 1999.  Total phosphorus samples were also collected from two additional sites in Massapoag Pond (station B southeast from opening into western cove and station C southern end of western cove) during these surveys.

In situ measurements using the Hydrolab® (measures dissolved oxygen, water temperature, pH, conductivity, and depth and calculates total dissolved solids and % oxygen saturation) were recorded at various depths (profile) at the deep hole station.   In-lake samples were also collected for alkalinity, total phosphorus, apparent color, and chlorophyll a (an integrated sample).   Procedures used for water sampling and sample handling are described in the Grab Collection Techniques for DWM Water Quality Sampling Standard Operating Procedure and the Hydrolab( Series 3 Multiprobe Standard Operating Procedure (MA DEP 1999b and MA DEP 1999c).  The Wall Experiment Station (WES), the MA DEP’s analytical laboratory, supplied all sample bottles and field preservatives, which were prepared according to the WES Laboratory Quality Assurance Plan and Standard Operating Procedures (MA DEP 1995).  Samples were preserved in the field as necessary, transported on ice to WES, and analyzed according to the WES Standard Operating Procedure (SOP). The quality control protocol that was followed for field and equipment blank samples is described in Appendix A of this report.  Both quality control samples (field blanks, trip blanks, and split samples) and raw water quality samples were transported on ice to WES on each sampling date; they were subsequently analyzed according to the WES SOP.  Information about data quality objectives (accuracy, precision, detection limits, holding times, representativeness and comparability) is also presented in Appendix A.  Apparent color and chlorophyll a were measured according to standard procedures at the MA DEP DWM office in Worcester (MA DEP 1999d and MA DEP 1999e).  An aquatic macrophyte survey was conducted at each lake.  The aquatic plant cover (native and non-native) and species distribution was mapped and recorded.   Details on procedures used can be found in the Baseline Lake Survey Quality Assurance Project Plan (DEP DWM 1999a).
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Fish toxics monitoring was conducted by DWM at three sites in the Merrimack River Basin in 1999 (Figure B1, Tables B5, B6, B7).  Fish were collected using gill nets, trot lines, and boat mounted electrofishing gear at Chadwicks Pond (Haverhill/Boxford) on 21 April 1999.  Fish were collected via trot lines and boat mounted electrofishing gear at Johnsons Pond on 6-7 May 1999.  Lake Cochichewick in North Andover was sampled using boat mounted electrofishing gear on 17-18 May 1999.  Fish were held in an onboard livewell until an appropriate sample number was reached, at which time the fish selected were placed in an ice filled cooler and brought back to the DWM laboratory for processing.  Fish were sorted by type and processed at the DWM laboratory as individual samples or composite samples comprised of tissue from three or more like-sized individual fish. 

Figure B1.  Locations of 1999 DEP DWM fish contaminant monitoring stations (Chadwicks Pond  – F0066, Johnsons Pond – F0067, Lake Cochichewick F0069) in the Merrimack River Basin.

Protocols designed to assure accuracy and prevent cross-contamination of samples were followed for 

collecting, processing and shipping fish (MA DEP 1999f).  Lengths and weights were measured and fish were visually inspected for tumors, lesions, or other anomalies.  Scale or pectoral fin spine samples were obtained from each fish to determine age.  Fish were filleted (skin off) on glass cutting boards and prepared for freezing.  All equipment used in the filleting process was rinsed twice in tap water to remove slime, scales, and other fluids such as blood, then re-rinsed in deionized water before (and/or after) each sample.  Composite samples (single fillets from three like-sized individuals of the same species) targeted for % lipids, PCB and organochlorine pesticide analysis were wrapped together in aluminum foil.  Composite samples targeted for metals analysis were placed in VWR 32-ounce high-density polyethylene (HDPE) cups with covers.  Individual samples targeted for Hg analysis only were also placed in VWR 32-ounce high density polyethylene (HDPE) cups with covers.  Samples were tagged and frozen for subsequent delivery to the Department’s Wall Experiment Station (WES).

Methods used at WES for metals and PCB/organochlorine pesticide analysis is provided in Appendix A of this report and additional information is available from the WES laboratory (MA DEP 1995).  According to standard practice, all laboratory analytical results were forwarded to the MDPH for review.  

1994 fish toxics 

[image: image6.png]


During September 1994 fish toxics monitoring was conducted by MA DEP OWM at two stations on the Merrimack River (Figure B2).  OWM staff collected fish via gill nets, trot lines, and/or boat mounted electrofishing gear from two reaches on the Merrimack River (upstream of the Pawtucket Dam between Tyngs Island, Tyngsborough and the Lowell Heritage State Park, Lowell and between Route 93, Andover/Methuen and the dam upstream of the O’Leary Bridge, Lawrence) on 15 September 1994.

Fish selected for analysis were placed in an ice filled cooler and brought back to the DWM laboratory for processing.  Data for the Merrimack River in Lawrence (F0083) and the Merrimack River in Lowell (F0082) is presented in Table B8.

Figure B2.  Locations of 1994 DEP OWM fish contaminant monitoring stations on the Merrimack River.

BENTHIC MACROINVERTEBRATE STUDIES

A technical memorandum (Appendix C) by John Fiorentino of DEP DWM entitled Merrimack River Watershed 1999 Biological Assessment presents details related to the collection, handling, and processing of aquatic macroinvertebrate samples (as well as the analysis results) collected from selected sites in the Merrimack River Basin during July 1999.  

RESULTS
BASELINE LAKE SURVEYS
Twenty five sites were surveyed for macrophytes on Massapoag Pond, Dunstable/Groton/Tyngsborough (MA DEP 1999g).  The pond was approximately 50% covered with plants.  The trophic status is estimated as mesotrophic.  Of the plants observed (Table B2), the dominant species appeared to be Potomogeton robbinsii, Elodea sp., and Potamogeton crispus/Potamogeton pectinatus with the Potamogeton robbinsii occurring almost twice as often as the others.  

Forty sites were surveyed for macrophytes on Newfield Pond (MA DEP 1999g).  The pond was approximately 75% covered with plants.  The trophic status is estimated as eutrophic.  Of the plants observed (Table B2), the dominant species appeared to be Myriophyllum spicatum, Lythrum salicaria, and Najas sp.  

Twelve sites were surveyed for macrophytes on Flint Pond, Tyngsborough (MA DEP 1999g).  More observation sites were unwarranted as the pond was approximately 100% covered with plants.  The trophic status is estimated as eutrophic.  Of the plants observed (Table B2), the dominant species appeared to be Nymphaea sp., Brasenia schreberi, and Najas minor.  

Table B2.  Aquatic macrophytes observed by DEP DWM in 1999 in Massapoag, Newfield and Flint ponds.  

	Massapoag Pond  84087
	Newfield Pond  84046
	Flint Pond  84012

	Brasenia schreberi
	Brasenia schreberi
	Brasenia schreberi

	Ceratophyllum demersum
	Ceratophyllum demersum
	Chara sp.

	Chara sp.
	Cabomba caroliniana2
	filamentous algae

	Cyperus sp.
	Elatine sp.
	Lythrum salicaria1

	Elodea sp.
	Eleocharis sp.
	Myriophyllum heterophyllum2

	Eriocaulum sp.
	Elodea sp.
	Najas minor2

	filamentous algae
	Gratiola sp.
	Nuphar sp.

	Gratiola sp.
	Iris sp.
	Nymphaea sp.

	Lythrum salicaria1
	Lemna sp.
	Pontederia cordata

	moss
	Lythrum salicaria1
	Potamogeton amplifolias

	Myriophyllum heterophyllum2
	macroscopic algae
	Potamogeton robbinsii

	Najas sp.
	Myriophyllum spicatum2
	Typha latifolia

	Nuphar sp.
	Najas sp.
	Utricularia vulgaris

	Nymphaea sp.
	Nitella
	

	Pontederia cordata
	Nuphar sp.
	

	Potamogeton crispus2
	Nymphaea sp.
	

	Potamogeton epihydrus
	Peltandra sp.
	

	Potamogeton natans
	Phragmites  sp. 1   
	

	Potamogeton pectinatus
	Pontederia cordata
	

	Potamogeton robbinsii
	Potamogeton amplifolias
	

	Sagittaria sp.
	Potamogeton crispus2
	

	Typha latifolia
	Potamogeton natans
	

	Utricularia sp.
	Potamogeton robbinsii
	

	
	Potamogeton sp. (thin leaf)
	

	
	Typha latifolia
	

	
	Utricularia vulgaris
	

	
	Vallisneria americana
	


1 non-native wetland species      2 non-native aquatic species
The Hydrolab® in-situ data are provided in Table B3.  Alkalinity, total phosphorus, apparent color, chlorophyll a, and Secchi depth data are provided in Table B4.  These data are managed and maintained in DWM’s Water Quality Data Access Database.

Table B3.  1999 DEP DWM Merrimack River Basin in-situ Hydrolab® data.


Date
OWMID
OWMID 
Time
 Depth 
Temp
pH 
Cond@ 
TDS 
DO 
SAT 

QA/QC
(24hr)
(m)
(°C)
(SU)
25°C (uS/cm)
(mg/L)
(mg/L)
(%)
Chadwicks Pond (Palis: 84006)
Station: deep hole      Description: Chadwicks Pond, Boxford/Haverhill.
04/21/99
FM-0001
11:41
**  
im
13.3
m
7.2
m
151
m
97.0
m
10.9
m
102
m

11:42
0.9
m
12.3
m
7.3
m
151
m
96.0
m
10.9
m
100
m

11:43
2.0
m
12.1
m
7.3
m
151
m
97.0
m
10.9
m
100
m

11:44
3.1
m
11.9
m
7.3
m
149
m
95.0
m
10.9
m
99
m

11:44
4.0
m
11.7
m
7.3
m
153
m
98.0
m
10.7
m
97
m

11:45
5.0
m
11.4
m
7.3
m
151
m
97.0
m
10.6
m
96
m

11:46
6.0
m
11.2
m
7.3
m
149
m
96.0
m
10.2
m
91
m

11:47
6.9
m
11.1
m
7.2
m
151
m
97.0
m
10.0
m
90
m

11:50
7.5
m
11.0
m
7.1
m
148
m
95.0
m
9.6
m
86
m
Flint Pond (Palis: 84012)

Station: A      Description: deep hole, center of eastern lobe, Tyngsborough.
07/14/99
LB-0019
15:55
0.5
24.7
7.0
349
223
7.2
84

16:02
1.2
24.1
6.9
342
219
6.4
74
08/11/99
LB-0173
LB-0174
09:58
0.5
22.5
6.8
386
247
5.3
60

10:03
1.0
22.5
6.8
386
247
5.2
60

LB-0174
LB-0173
10:10
0.5
22.5
6.8
385
246
5.3
60

10:18
1.0
22.5
6.8
385
246
5.3
60
09/09/99
LB-0313
10:31
0.5
24.9
7.4
402
257
8.5
101
Massapoag Pond (Palis: 84087)
Station: A      Description: deephole, center of large eastern lobe, Dunstable/Tyngsboro.
07/14/99
LB-0013
12:08
0.5
25.0
7.3
196
125
7.7
91

12:15
2.0
24.5
7.3
196
125
7.9
93

12:22
3.5
24.0
7.3
195
125
7.4
u
85
u

12:28
4.0
23.1
6.9
196
125
5.2
59

12:37
6.5
12.3
6.4
178
114
0.6
6

12:46
9.0
7.3
6.6
214
137
<0.2
<2

12:54
10.0
6.7
6.8
238
152
<0.2
<2

13:00
10.7
6.5
6.8
261
167
<0.2
<2
08/11/99
LB-0168
13:30
0.5
23.9
7.3
198
127
7.9
92

13:43
2.5
23.9
7.4
195
125
7.9
92

13:49
4.2
23.5
7.1
193
124
6.5
75

13:56
4.7
22.3
u
6.7
200
128
3.2
37

14:07
5.5
18.0
6.6
194
124
1.7
17

14:14
6.5
13.1
6.5
191
122
<0.2
<2

14:19
7.5
10.2
u
6.4
194
124
<0.2
<2

14:25
8.5
8.3
u
6.7
216
138
<0.2
<2

14:30
9.6
7.2
6.8
254
163
<0.2
<2
09/09/99
LB-0318
15:06
0.5
25.6
8.0
199
127
9.0
108

15:11
2.2
25.2
7.9
198
127
8.7
104

15:17
4.0
22.7
7.2
199
127
7.3
83

15:21
4.5
21.9
u
7.0
198
127
4.6
u
52
u

15:26
6.2
16.1
6.7
199
127
2.3
u
23
u

15:32
8.0
9.5
6.8
221
141
<0.2
<2

15:37
8.4
8.5
u
6.9
239
153
<0.2
<2

15:42
9.3
7.4
7.0
285
182
<0.2
<2

15:54
10.5
7.0
7.2
341
219
<0.2
<2

** missing/censored data, QUALIFIERS: u = unstable readings; i = inaccurate readings; m = method not followed/instrument failure
Table B3.  Continued.  1999 DEP DWM Merrimack River Basin in-situ Hydrolab® data.

Date
OWMID
OWMID 
Time
 Depth 
Temp
pH 
Cond@ 
TDS 
DO 
SAT 

QA/QC
(24hr)
(m)
(°C)
(SU)
25°C (uS/cm)
(mg/L)
(mg/L)
(%)
Johnsons Pond (Palis: 84027)
Station: hole      Description: Johnsons Pond, Boxford/Groveland.
05/06/99
FM-0003
14:20
1.4
14.6
7.4
138
88.2
10.2
99

14:26
3.2
14.4
7.4
138
88.4
10.0
96

14:35
5.9
12.0
6.7
137
87.9
4.6
42

14:43
7.5
11.4
6.6
140
89.5
1.4
12
Lake Cochichewick (Palis: 84008)
Station: hole      Description: Lake Cochichewick, North Andover.
05/17/99
FM-0006
14:38
0.5
18.0
7.7
155
99.0
10.5
108

14:45
3.6
15.4
7.4
158
101
10.6
103

14:48
6.9
13.0
6.7
159
102
7.5
69

14:49
7.8
12.1
6.6
161
103
6.0
54

14:52
8.1
12.0
6.4
154
99.0
5.3
48
Newfield Pond (Palis: 84046)
Station: A      Description: deep hole in southeastern quadrant near outlet, Chelmsford.
07/13/99
LB-0006
10:21
0.5
24.6
7.3
412
263
7.7
90

10:25
1.5
24.6
7.3
412
263
7.7
90

10:28
2.5
24.6
7.4
412
263
7.7
90

10:32
3.5
24.1
u
7.0
411
263
4.7
55

10:39
4.5
18.2
u
6.6
392
251
0.3
3

10:44
5.5
14.1
6.7
415
266
<0.2
<2

10:52
6.5
12.2
u
7.0
448
287
<0.2
<2

10:59
7.0
11.7
7.2
480
307
<0.2
<2
08/10/99
LB-0156
09:45
0.4
24.2
7.4
418
268
7.8
92

09:55
1.5
24.2
7.4
419
268
7.9
92

10:01
2.5
24.1
7.4
418
267
7.9
93

10:06
3.5
24.1
7.4
418
267
7.9
93

10:11
4.5
20.9
6.7
406
260
<0.2
<2

10:16
5.5
14.5
7.0
451
288
<0.2
<2

10:21
6.5
12.4
7.2
515
330
<0.2
<2

10:26
7.1
11.9
7.3
552
353
<0.2
<2
09/07/99
LB-0301
10:52
0.5
25.2
9.1
427
273
10.3
123

11:02
1.5
24.6
9.0
427
273
10.9
128

11:10
2.5
23.1
8.9
420
269
10.1
116

11:18
3.5
22.4
6.9
421
269
5.1
u
58
u

11:24
4.5
20.7
6.6
425
272
<0.2
<2

11:30
5.5
15.6
u
7.0
469
300
<0.2
<2

11:37
6.5
13.2
7.2
537
344
<0.2
<2
** missing/censored data, QUALIFIERS: u = unstable readings; i = inaccurate readings; m = method not followed/instrument failure
Table B4.  1999 DEP DWM Merrimack River Basin inlake Secchi depth, alkalinity, color, total phosphorus and chlorophyll a data.

Date
Time
Secchi 
Station 
OWMID
OWMID 
Sample 
Alkalinity 
Color 
Total 
Chlorophyll a 

(24hr)
Depth 
Depth 
QA/QC
Depth 
(mg/L)
(PCU)
Phosphorus 
(mg/L)

(m)
(m)
(m)
(mg/L)
Flint Pond (Palis: 84012)
Station: A
Description: deep hole, center of eastern lobe, Tyngsborough.
07/14/99
15:38
>1.5
1.5

LB-0021
** - **  
--  
  --  
--
  12b  

LB-0020
LB-0022
0.5
28  
50
0.025
  --  

LB-0022
LB-0020
0.5
25  
65
0.025
  --  

LB-0024
1.3
26  
50
0.030
  --  
08/11/99
9:50
>1.5
1.5

LB-0172
0 - 1.0
--  
  --  
--
  14  

LB-0169
LB-0170
0.5
33  
28d
0.021
  --  

LB-0170
LB-0169
0.5
35  
35d
0.021
  --  

LB-0175
1.0
33  
  --  
0.030
  --  
09/09/99
11:00
>1.4e
1.2e

LB-0317
** - **  
--  
  --  
--
  **m  

LB-0315
LB-0314
**
37  
  --  
0.016
  --  

LB-0314
LB-0315
0.5
36  
  --  
0.017
  --  
Massapoag Pond (Palis: 84087)
Station: A
Description: deephole, center of large eastern lobe, Dunstable/Tyngsboro.
07/14/99
11:25
4.6
12.5 

LB-0015
** - **  
--  
  --  
--
  57b  

LB-0014
0.5
28  
<15
0.013
  --  

LB-0016
10.5 
42  
260
0.82 
  --  
08/11/99
13:25
3.1
9.9

LB-0165
0 - 8.0
--  
  --  
--
  20  

LB-0163
0.5
30  
17d
0.016
  --  

LB-0164
9.5
46  
120d
0.41 
  --  
09/09/99
14:25
3.2
11.6 

LB-0321
** - **  
--  
  --  
--
  **m  

LB-0319
0.5
30  
  --  
0.011
  --  

LB-0320
10.5 
57  
  --  
0.83 
  --  
Station: B
Description: southeast from opening into western cove, Tyngsboro.
07/14/99
**
--  
--  

LB-0017
0.5
--  
  --  
0.014
  --  
08/11/99
**
--  
--

LB-0166
0.5
--  
  --  
0.018
  --  
09/09/99
**
--  
--  

LB-0322
**
--  
  --  
0.012
  --  
Station: C
Description: southern end of western cove, Groton.
07/14/99
**
--  
--  

LB-0018
0.5
--  
  --  
0.022
  --  
08/11/99
**
--  
-- 

LB-0167
0.5
--  
  --  
0.016
  --  
09/09/99
**
--  
-- 

LB-0323
**
--  
  --  
0.014
  --  
** = missing/censored data - including unanalyzed samples; lost data; or poor quality/discarded data      

-- = no data (no sample collected)

QUALIFIERS: b = blank contamination; d = precision of field duplicates did not meet project data quality objectives,  e = not theoretically possible, m = field and/or lab SOPs not followed or lost/unanalyzed samples

Table B4.  Continued.  1999 DEP DWM Merrimack River Basin inlake Secchi depth, alkalinity, color, total phosphorus and chlorophyll a data.

Date
Time
Secchi 
Station 
OWMID
OWMID 
Sample 
Alkalinity 
Color 
Total 
Chlorophyll a

(24hr)
Depth 
Depth 
QA/QC
Depth 
(mg/L)
(PCU)
Phosphorus 
(mg/L)

(m)
(m)
(m)
(mg/L)
Newfield Pond (Palis: 84046)
Station: A
Description: deep hole in southeastern quadrant near outlet, Chelmsford.
07/13/99
9:58
2.4
7.6

LB-0004
** - **  
--  
  --  
--
  11b  

LB-0002
LB-0001
**
26  
17m
0.022
  --  

LB-0001
LB-0002
0.5
26  
<15m
0.022
  --  

LB-0005
7.0
53  
300m
**m  
  --  
08/10/99
9:45
1.9
7.6

LB-0154
0 - 5.7
--  
  --  
--
  1  

LB-0151
LB-0152
0.5
26  
23
0.024
  --  

LB-0152
LB-0151
0.5
27  
23
0.024
  --  

LB-0155
6.3
53  
120
**m  
  --  
09/07/99
10:20
1.9
8.2

LB-0305
** - **  
--  
  --  
--
  **m  

LB-0303
LB-0302
**
29  
  --  
0.018
  --  

LB-0302
LB-0303
0.5
27  
  --  
0.020
  --  

LB-0306
6.5
70  
  --  
0.062
  --  
** = missing/censored data - including unanalyzed samples; lost data; or poor quality/discarded data      

-- = no data (no sample collected)

QUALIFIERS: b = blank contamination; d = precision of field duplicates did not meet project data quality objectives,  e = not theoretically possible, m = field and/or lab SOPs not followed or lost/unanalyzed samples

fish tOXICS MONITORING

1999 FISH TOXICS
The results of DWM’s 1999 fish toxics monitoring surveys are briefly described below for each lake sampled (MA DEP 1999h).   

Chadwicks Pond, Haverhill/Boxford   F0066 (Table B5)

Samples of largemouth bass, yellow perch, and yellow bullhead were collected from Chadwicks Pond, Haverhill/Boxford.  The lipids content ranged between 0.06 and 0.20%.  Cadmium, PCB, pesticides, arsenic and lead were not detected in the edible fillets of any sample analyzed for these analytes from Chadwicks Pond.  Selenium levels ranged from 0.077 to 0.114 mg/kg wet weight.  Mercury in the fish tissue from Chadwicks Pond ranged from 0.43 to 1.7 mg/kg wet weight.  The mercury data triggered a site-specific advisory against the consumption of fish from Chadwicks Pond, Haverhill/Boxford (MDPH 1999).

Lake Cochichewick, North Andover   F0069 (Table B6)
Samples of largemouth bass and yellow perch were collected from Lake Cochichewick in North Andover.  The lipids content ranged between 0.06 and 0.11%.  Cadmium, lead, PCB and pesticides were not detected in the edible fillets of any sample analyzed for these analytes from Lake Cochichewick.  Selenium levels ranged from 0.145 to 0.193 mg/kg wet weight.  Mercury in the fish tissue from Lake Cochichewick ranged from 0.14 to 1.0 mg/kg wet weight.  The mercury data triggered a site-specific advisory against the consumption of fish from Lake Cochichewick, North Andover (MDPH 1999).

Johnsons Pond, Groveland/Boxford   F0067 (Table B7)
Samples of largemouth bass, yellow perch, and yellow and brown bullhead were collected from Johnsons Pond, Groveland/Boxford.  The lipids content of the fish analyzed ranged between 0.06 and 0.74%.  Cadmium, lead, arsenic, PCB and pesticides were not detected in the edible fillets of any sample analyzed for these analytes from Johnsons Pond.  Selenium was detected in all samples analyzed ranging from 0.103 to 0.138 mg/kg wet weight.  Mercury in the fish tissue from Johnsons Pond ranged from 0.22 to 0.79 mg/kg wet weight.  The data triggered a site-specific advisory against the consumption of fish from Johnsons Pond, Groveland/Boxford (MDPH 1999). 

1994 fish toxics

The goal of the 1994 fish toxics monitoring was to screen resident fishes for PCB, organochlorine pesticides, percent lipids, and selected metals (As, Cd, Pb, Hg and Se).  Where possible, fish selected for analysis represented species and sizes desired by the angling public for consumption, as well as different feeding guilds (i.e., predator, invertivore, omnivore). Survey results are presented in Table B8 (MA DEP 1994).  

Merrimack River, Lowell   (F0082) (Table B8)

Samples of white sucker and yellow bullhead were collected from the Merrimack River (upstream of the Pawtucket Dam between Tyngs Island, Tyngsborough and the Lowell Heritage State Park, Lowell), using gill nets and/or trot lines.  The lipids content ranged between 0.39 and 1.0%.  Cadmium, lead, PCB and pesticides were not detected in the edible fillets of any sample analyzed for these analytes from this reach of the Merrimack River.  Selenium levels ranged from non-detect, <0.04 to 0.099 mg/kg wet weight.  Mercury in the fish tissue ranged from 0.353 to 0.500 mg/kg wet weight.  

Merrimack River, Lawrence   (F0083) (Table B8)

Samples of largemouth and smallmouth bass, common carp, brown bullhead, white catfish, and white and yellow perch were also collected from the Merrimack River (between Route 93, Andover/Methuen and the dam upstream of the O’Leary Bridge, Lawrence), using boat mounted electroshocking gear, gill nets, and/or trot lines.   The lipids content ranged between 0.12 and 4.5%.  Cadmium, lead, and pesticides were not detected in the edible fillets of any sample analyzed for these analytes from this reach of the Merrimack River.  Selenium levels ranged from non-detect, <0.04 to 0.132 mg/kg wet weight.  Mercury in the fish tissue ranged from 0.238 to 0.572 mg/kg wet weight.  

The mercury data triggered an advisory against the consumption of fish from the Merrimack River in all towns between Tyngsborough and Methuen (MDPH 1995).

BENTHIC MACROINVERTEBRATE STUDIES

A technical memorandum (Appendix C) by John Fiorentino of DEP DWM entitled Merrimack River Watershed 1999 Biological Assessment presents the aquatic macroinvertebrate analysis results (as well as details related to sampling and processing) for samples collected from selected sites in the Merrimack River Basin during July 1999.  

Table B5.  1999 DEP DWM fish toxics monitoring data for Chadwicks Pond, Haverhill/Boxford (F0066).  Results, reported in wet weight, are from fish fillets with skin off and are of individual fillets or composite samples as noted.  
	Sample

ID
	Collection

Date
	Species1
Code
	Length

(cm)
	Weight

(g)
	Individual

Sample ID

(lab sample #)
	Hg
	Composite

Sample ID

(lab sample #)
	Cd

(mg/kg)
	Hg

(mg/kg)
	Pb

(mg/kg)
	As

(mg/kg)
	Se

(mg/kg)
	Lipids

(%)
	PCB

((g/g)
	Pesticides

((g/g)

	HAVCP-1
	4/21/99
	LMB
	39.8
	963.9
	99001

(L990113-1)
	1.7
	99066

(L990113-20)
	
	
	
	
	
	
	
	

	HAVCP-2
	4/21/99
	LMB
	39.5
	916.2
	99002

(L990113-2)
	0.59
	
	
	
	
	
	
	
	
	

	HAVCP-3
	4/21/99
	LMB
	30.9
	572.3
	99003

(L990113-3)
	1.1
	
	
	
	
	
	
	
	
	

	HAVCP-4
	4/21/99
	LMB
	36.4
	728.6
	99004

(L990113-4)
	1.0
	
	
	
	
	
	
	
	
	

	HAVCP-5
	4/21/99
	LMB
	36.5
	723.1
	99005

(L990113-5)
	1.3
	
	<0.02
	1.4
	<0.2
	<0.04
	0.077
	0.07
	ND
	ND

	HAVCP-6
	4/21/99
	LMB
	37.0
	785.1
	99006

(L990113-6)
	1.4
	
	
	
	
	
	
	
	
	

	HAVCP-7
	4/21/99
	LMB
	38.1
	698.9
	99007

(L990113-7)
	1.1
	
	
	
	
	
	
	
	
	

	HAVCP-8
	4/21/99
	LMB
	35.7
	630.1
	99008

(L990113-8)
	1.2
	
	
	
	
	
	
	
	
	

	HAVCP-9
	4/21/99
	LMB
	31.2
	410.2
	99009

(L990113-9)
	0.95
	
	
	
	
	
	
	
	
	

	HAVCP-10
	4/21/99
	YP
	24.6
	145.4
	99010

(L990113-10)
	0.57
	99067

(L990113-21)
	
	
	
	
	
	
	
	

	HAVCP-11
	4/21/99
	YP
	25.1
	184.4
	99011

(L990113-11)
	0.67
	
	
	
	
	
	
	
	
	

	HAVCP-12
	4/21/99
	YP
	24.0
	174.3
	99012

(L990113-12)
	1.1
	
	
	
	
	
	
	
	
	

	HAVCP-13
	4/21/99
	YP
	25.5
	188.8
	99013

(L990113-13)
	0.59
	
	
	
	
	
	
	
	
	

	HAVCP-14
	4/21/99
	YP
	22.6
	140.5
	99014

(L990113-14)
	0.48
	
	<0.02
	0.82
	<0.2
	<0.04
	0.114
	0.06
	ND
	ND

	HAVCP-15
	4/21/99
	YP
	22.4
	136.6
	99015

(L990113-15)
	0.77
	
	
	
	
	
	
	
	
	

	HAVCP-16
	4/21/99
	YP
	22.9
	128.4
	99016

(L990113-16)
	0.83
	
	
	
	
	
	
	
	
	

	HAVCP-17
	4/21/99
	YP
	23.6
	130.3
	99017

(L990113-17)
	0.43
	
	
	
	
	
	
	
	
	

	HAVCP-18
	4/21/99
	YP
	21.2
	105.1
	99018

(L990113-18)
	0.54
	
	
	
	
	
	
	
	
	

	HAVCP-19
	4/21/99
	YB
	23.4
	211.3
	
	
	99068

(L990113-22)

99019

(L990113-19)

(L990113-22)
	<0.02
	--
	<0.20
	<0.04
	0.086
	0.20
	ND
	ND

	HAVCP-20
	4/21/99
	YB
	25.5
	210.5
	--
	--
	
	
	1.1

1.3
	
	
	
	
	
	

	HAVCP-21
	4/21/99
	YB
	25.1
	238.9
	
	
	
	
	
	
	
	
	
	
	

	1Species
	largemouth bass (LMB) Micropterus salmoides
	ND = not detected or the analytical result is at or below the established detection limit (MDL).  See Appendix A for MDL.

	
	yellow bullhead (YB) Ameiurus natalis
	-- = no data 

	
	yellow perch (YP) Perca flavescens
	NOTE: mg/kg = (g/g = ppm = mg/l


Table B6.  1999 DEP DWM fish toxics monitoring data for Lake Cochichewick, North Andover (F0069).  Results, reported in wet weight, are from fish fillets with skin off and are of individual fillets or composite samples as noted.  
	Sample

ID
	Collection

Date
	Species1
Code
	Length

(cm)
	Weight

(g)
	Individual

Sample ID

(lab sample #)
	Hg
	Composite

Sample ID

(lab sample #)
	Cd

(mg/kg)
	Pb

(mg/kg)
	As

(mg/kg)
	Se

(mg/kg)
	Lipids

(%)
	PCB

((g/g)
	Pesticides

((g/g)

	NANLC-1
	5/17-18/99
	LMB
	32.4
	435.5
	99118

(L990166-1)
	0.47
	99136

(L990166-19)
	
	
	
	
	
	
	

	NANLC-2
	5/17-18/99
	LMB
	31.3
	415.7
	99119

(L990166-2)
	0.59
	
	<0.02
	<0.20
	0.097
	0.145
	--
	--
	--

	NANLC-3
	5/17-18/99
	LMB
	33.1
	485.1
	99120

(L990166-3)
	0.67
	
	
	
	
	
	
	
	

	NANLC-4
	5/17-18/99
	LMB
	34.2
	525.0
	99121

(L990166-4)
	0.43
	99137

(L990166-20)
	
	
	
	
	
	
	

	NANLC-5
	5/17-18/99
	LMB
	33.5
	566.8
	99122

(L990166-5)
	0.40
	
	--
	--
	--
	--
	0.11
	ND
	ND

	NANLC-6
	5/17-18/99
	LMB
	36.1
	741.1
	99123

(L990166-6)
	0.43
	
	
	
	
	
	
	
	

	NANLC-7
	5/17-18/99
	LMB
	35.1
	644.5
	99124

(L990166-7)
	0.63
	
	
	
	
	
	
	
	

	NANLC-8
	5/17-18/99
	LMB
	38.0
	800.9
	99125

(L990166-8)
	1.0
	--
	--
	--
	--
	--
	--
	--
	--

	NANLC-9
	5/17-18/99
	LMB
	37.0
	811.3
	99126

(L990166-9)
	0.59
	
	
	
	
	
	
	
	

	NANLC-10
	5/17-18/99
	YP
	21.3
	121.1
	99127

(L990166-10)
	0.41
	99138

(L990166-21)
	
	
	
	
	
	
	

	NANLC-11
	5/17-18/99
	YP
	22.9
	144.9
	99128

(L990166-11)
	0.34
	
	<0.02
	<0.20
	0.147
	0.193
	--
	--
	--

	NANLC-12
	5/17-18/99
	YP
	24.5
	188.7
	99129

(L990166-12)
	0.39
	
	
	
	
	
	
	
	

	NANLC-13
	5/17-18/99
	YP
	24.5
	179.8
	99130

(L990166-13)
	0.45
	99139

(L990166-22)
	
	
	
	
	
	
	

	NANLC-14
	5/17-18/99
	YP
	23.2
	155.9
	99131

(L990166-14)
	0.14
	
	--
	--
	--
	--
	0.06
	ND
	ND

	NANLC-15
	5/17-18/99
	YP
	23.2
	145.6
	99132

(L990166-15)
	0.31
	
	
	
	
	
	
	
	

	NANLC-16
	5/17-18/99
	YP
	23.4
	178.1
	99133

(L990166-16)
	0.25
	
	
	
	
	
	
	
	

	NANLC-17
	5/17-18/99
	YP
	25.1
	231.0
	99134

(L990166-17)
	0.28
	--
	--
	--
	--
	--
	--
	--
	--

	NANLC-18
	5/17-18/99
	YP
	26.8
	224.7
	99135

(L990166-18)
	0.32
	
	
	
	
	
	
	
	

	1Species
	largemouth bass (LMB) Micropterus salmoides
	ND = not detected or the analytical result is at or below the established detection limit (MDL).  

	
	yellow perch (YP) Perca flavescens
	
	See Appendix A for MDL.

	NOTE: mg/kg = (g/g = ppm = mg/l
	-- = no data


Table B7.  1999 DEP DWM fish toxics monitoring data for Johnsons Pond, Groveland/Boxford (F0067).  Results (mg/kg wet wt.) are from fish fillets with skin off and are of individual fillets or composite samples as noted.  
	Sample

ID
	Collection

Date
	Species1
Code
	Length

(cm)
	Weight

(g)
	Individual

Sample ID

(lab sample #)
	Hg
	Composite

Sample ID

(lab sample #)
	Cd
(mg/kg)
	Hg

(mg/kg)
	Pb

(mg/kg)
	As

(mg/kg)
	Se

(mg/kg)
	Lipids

(%)
	PCB

((g/g)
	Pesticides

((g/g)

	GRVJP-1
	5/6-7/99
	LMB
	31.5
	379.5
	99042

(L990140-1)
	0.39
	99045

(L990142-1)
	
	
	
	
	
	
	
	

	GRVJP-2
	5/6-7/99
	LMB
	30.0
	370.2
	99043

(L990140-2)
	0.40
	
	<0.02
	--
	<0.20
	<0.04
	0.122
	--
	--
	--

	GRVJP-3
	5/6-7/99
	LMB
	31.5
	443.6
	99044

(L990140-3)
	0.48
	
	
	
	
	
	
	
	
	

	GRVJP-4
	5/6-7/99
	LMB
	34.5
	547.6
	99046

(L990140-4)
	0.70
	99049

 (L990142-2)
	
	
	
	
	
	
	
	

	GRVJP-5
	5/6-7/99
	LMB
	36.0
	652.3
	99047

(L990140-5)
	0.66
	
	--
	--
	--
	--
	--
	0.07
	ND
	ND

	GRVJP-6
	5/6-7/99
	LMB
	38.0
	699.9
	99048

(L990140-6)
	0.74
	
	
	
	
	
	
	
	
	

	GRVJP-7
	5/6-7/99
	LMB
	37.3
	763.5
	99050

(L990140-7)
	0.60
	
	
	
	
	
	
	
	
	

	GRVJP-8
	5/6-7/99
	LMB
	38.4
	847.5
	99051

(L990140-8)
	0.70
	--
	--
	--
	--
	--
	--
	--
	--
	--

	GRVJP-9
	5/6-7/99
	LMB
	37.5
	813.1
	99052

(L990140-9)
	0.79
	
	
	
	
	
	
	
	
	

	GRVJP-10
	5/6-7/99
	YP
	23.4
	151.1
	99053

(L990140-10)
	0.34
	99056

(L990142-3)
	
	
	
	
	
	
	
	

	GRVJP-11
	5/6-7/99
	YP
	23.3
	146.9
	99054

(L990140-11)
	0.31
	
	<0.02
	
	<0.20
	<0.04
	0.138
	--
	--
	--

	GRVJP-12
	5/6-7/99
	YP
	23.0
	132.9
	99055

(L990140-12)
	0.35
	
	
	
	
	
	
	
	
	

	GRVJP-13
	5/6-7/99
	YP
	21.0
	115.6
	99057

(L990140-13)
	0.39
	99060

(L990142-4)
	
	
	
	
	
	
	
	

	GRVJP-14
	5/6-7/99
	YP
	22.4
	116.9
	99058

(L990140-14)
	0.22
	
	--
	--
	--
	--
	--
	0.06
	ND
	ND

	GRVJP-15
	5/6-7/99
	YP
	21.3
	113.3
	99059

(L990140-15)
	0.34
	
	
	
	
	
	
	
	
	

	GRVJP-16
	5/6-7/99
	YP
	21.6
	116.4
	99061

(L990140-16)
	0.23
	
	
	
	
	
	
	
	
	

	GRVJP-17
	5/6-7/99
	YP
	21.1
	110.9
	99062

(L990140-17)
	0.28
	--
	--
	--
	--
	--
	--
	--
	--
	--

	GRVJP-18
	5/6-7/99
	YP
	22.1
	116.9
	99063

(L990140-18)
	0.25
	
	
	
	
	
	
	
	
	

	GRVJP-19
	5/6-7/99
	YB
	30.9
	408.6
	
	
	99065

(L990142-5)

99064

(L990140-19)
	<0.02
	--
	<0.20
	<0.04
	0.103
	0.74
	ND
	0.0112

	GRVJP-20
	5/6-7/99
	YB
	30.0
	378.3
	--
	--
	
	
	
	
	
	
	
	
	

	GRVJP-21
	5/6-7/99
	BB
	33.8
	506.5
	
	
	
	
	0.41
	
	
	
	
	
	

	1Species
	brown bullhead (BB) Ameiurus nebulosus
	yellow bullhead (YB) Ameiurus natalis
	2DDE

	
	largemouth bass (LMB) Micropterus salmoides
	yellow perch (YP) Perca flavescens
	-- = no data

	NOTE: mg/kg = (g/g = ppm = mg/l
	ND = not detected or the analytical result is at or below the established detection limit (MDL).  See Appendix A for MDL.


Table B8.  1994 DEP OWM fish toxics monitoring data for the Merrimack River in Lawrence and Lowell.  Results, reported in wet weight, are from composite samples of fish fillets with skin off. 
	Sample

ID
	Collection

Date
	Species1
Code
	Length

(cm)
	Weight

(g)
	Sample ID

(laboratory sample #)
	Cd

(mg/kg)
	Hg

(mg/kg)
	Pb

(mg/kg)
	As

(mg/kg)
	Se

(mg/kg)
	Lipids

(%)
	PCB

((g/g)
	Pesticides

((g/g)

	Merrimack River, Lawrence  F0083
	

	MRF94-1
	9/15/94
	LMB
	40.8
	1600
	94028

(94-4161)
	
	
	
	
	
	
	
	

	MRF94-2
	9/15/94
	LMB
	33.8
	600
	
	
	
	
	
	
	
	
	

	MRF94-3
	9/15/94
	SMB
	34.7
	590
	
	<0.20
	0.572
	<1.0
	<0.04
	<0.04
	NR
	NR
	NR

	MRF94-4
	9/15/94
	SMB
	35.7
	570
	
	
	
	
	
	
	
	
	

	MRF94-5
	9/15/94
	SMB
	33.5
	500
	
	
	
	
	
	
	
	
	

	MRF94-6
	9/15/94
	C
	56.7
	2500
	94029

(94-4162)
	
	
	
	
	
	
	
	

	MRF94-7
	9/15/94
	C
	49.2
	1700
	
	
	
	
	
	
	
	
	

	MRF94-8
	9/15/94
	C
	54.4
	2380
	
	<0.20
	0.472
	<1.0
	0.041
	<0.04
	4.5
	0.922
	ND

	MRF94-9
	9/15/94
	C
	54.4
	2160
	
	
	
	
	
	
	
	
	

	MRF94-10
	9/15/94
	C
	54.0
	1950
	
	
	
	
	
	
	
	
	

	MRF94-11
	9/15/94
	BB
	28.0
	300
	94030

(94-4163)
	
	
	
	
	
	
	
	

	MRF94-12
	9/15/94
	BB
	28.5
	300
	
	<0.20
	0.238
	<1.0
	<0.04
	<0.04
	0.99
	ND
	ND

	MRF94-13
	9/15/94
	WC
	31.9
	400
	
	
	
	
	
	
	
	
	

	MRF94-14
	9/15/94
	WP
	29.0
	400
	94031

(94-4164,

duplicate)
	
	
	
	
	
	
	
	

	MRF94-15
	9/15/94
	WP
	29.6
	380
	
	<0.20
	0.324
	<1.0
	<0.04
	0.132
	1.1
	ND
	ND

	MRF94-16
	9/15/94
	WP
	27.1
	320
	
	
	
	
	
	
	
	
	

	MRF94-17
	9/15/94
	WP
	21.1
	160
	
	
	
	
	
	
	1.1
	ND
	ND

	MRF94-18
	9/15/94
	YP
	21.7
	170
	94032

(94-4165)
	
	
	
	
	
	
	
	

	MRF94-19
	9/15/94
	YP
	24.1
	200
	
	<0.20
	0.358
	<1.0
	<0.04
	<0.04
	0.12
	ND
	ND

	MRF94-20
	9/15/94
	YP
	24.1
	200
	
	
	
	
	
	
	
	
	

	Merrimack River, Lowell  F0082
	

	MRF94-21
	9/15/94
	WS
	42.6
	840
	94026

(94-4159)
	
	
	
	
	
	
	
	

	MRF94-22
	9/15/94
	WS
	45.3
	1050
	
	
	
	
	
	
	
	
	

	MRF94-23
	9/15/94
	WS
	41.0
	950
	
	<0.20
	0.500
	<1.0
	0.102
	0.099
	1.0
	ND
	ND

	MRF94-24
	9/15/94
	WS
	40.5
	840
	
	
	
	
	
	
	
	
	

	MRF94-25
	9/15/94
	WS
	40.1
	800
	
	
	
	
	
	
	
	
	

	MRF94-26
	9/15/94
	YB
	25.1
	260
	94027

(94-4160)
	
	
	
	
	
	
	
	

	MRF94-27
	9/15/94
	YB
	24.1
	210
	
	<0.20
	0.353
	<1.0
	<0.04
	<0.04
	0.39
	ND
	ND

	MRF94-28
	9/15/94
	YB
	21.5
	160
	
	
	
	
	
	
	
	
	

	1Species
	brown bullhead (BB) Ameiurus nebulosus
	smallmouth bass (SMB) Micropterus dolomieu
	white sucker (WS) Castomus commersoni

	
	common carp (C) Cyprinus carpio
	white catfish (WC) Ameiurus catus
	yellow bullhead (YB) Ameiurus natalis

	
	largemouth bass (LMB) Micropterus salmoides
	white perch (WP) Morone americana
	yellow perch (YP) Perca flavescens

	2 PCB A1254

	ND = not detected or the analytical result is at or below the established detection limit (MDL).  See Appendix A for MDL.

	NR = not reported
	

	NOTE: mg/kg = (g/g = ppm = mg/l
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INTRODUCTION

Biological monitoring is a useful means of detecting anthropogenic impacts to the aquatic community. Resident biota (e.g., benthic macroinvertebrates, fish, periphyton) in a water body are natural monitors of environmental quality and can reveal the effects of episodic and cumulative pollution and habitat alteration (Barbour et al. 1999, Barbour et al. 1995). Biological surveys and assessments are the primary approaches to biomonitoring. 

As part of the Massachusetts Department of Environmental Protection/ Division of Watershed Management’s (MA DEP/DWM) 1999 Merrimack River watershed assessments, aquatic benthic macroinvertebrate biomonitoring was conducted to evaluate the biological health of various portions of the watershed. In accordance with the Quality Assurance Project Plan for 1999 Benthic Macroinvertebrate Biomonitoring (Fiorentino 1999), a total of five biomonitoring stations were sampled in selected tributaries to investigate the effects of various nonpoint and point source stressors—both historical and current—on the aquatic communities of the watershed. Additional sampling originally proposed for Salmon, Lawrence, and Bare Meadow/Hawkes brooks was not conducted due to habitat and/or flow constraints that made application of DWM’s benthic macroinvertebrate sampling methodology in these streams unsuitable. Some stations sampled during the 1999 biomonitoring survey were previously “unassessed” by DEP, while historical DEP biomonitoring stations—most recently assessed in 1990 or 1994—were reevaluated to determine if water quality and habitat conditions have improved or worsened over time. Sampling locations, along with station identification numbers and sampling dates, are noted in Table 1. Sampling locations are also shown in Figure 1. 

To provide information necessary for making basin-wide aquatic life use assessments required by Section 305(b) of the Federal Clean Water Act (CWA), all Merrimack River watershed stations were compared to a regional reference station most representative of the “best attainable” conditions in the watershed. Use of a regional reference station is particularly useful in assessing nonpoint source (NPS) pollution impacts (e.g., physical habitat degradation) at upstream control sites as well as downstream sites suspected as chemically-impacted from known point source stressors (Hughes 1989). Fish Brook (in the Merrimack River watershed) in Andover, originally recommended as a reference station by the EOEA Merrimack River Watershed Team, was determined by DWM to be inappropriate as a reference condition due to the extremely low base-flow observed during reconnaissance activities (i.e., site visits) in the watershed. As a result, the regional reference station was established at Fish Brook in Middleton—located in the nearby Ipswich River watershed. The wadeable, relatively low-gradient  tributaries of the Ipswich River watershed share many similar characteristics with those of the Merrimack River watershed with respect to hydrology, channel geomorphology, and instream habitat quality. The Fish Brook station was situated upstream from all known point sources of water pollution, and was also assumed (based on topographic map examinations and field reconnaissance) to be relatively unimpacted by nonpoint sources. 

During "year 1" of the 5-year basin cycle, problem areas within the Merrimack River watershed were better defined through such processes as coordination with appropriate groups (EOEA Merrimack River Watershed Team, Merrimack River Watershed Council, DEP/DWM), assessing existing data, conducting site visits, and reviewing NPDES and water withdrawal permits. Following these activities, the 1999 biomonitoring plan was more closely focused and the study objectives better defined. Table 2 includes a summary of the perceived problems/issues—both historical and current—addressed during the 1999 Merrimack River watershed biomonitoring survey.

The main objectives of biomonitoring in the Merrimack River watershed were: (a) to determine the biological health of streams within the watershed by conducting assessments based on aquatic macroinvertebrate communities; and (b) to identify problem stream segments so that efforts can be focussed on developing NPDES permits, Water Management Act permits, stormwater management measures, and control of other nonpoint source pollution.  Specific tasks were:

1.
Conduct benthic macroinvertebrate sampling and habitat assessments at selected locations throughout the Merrimack River watershed.

2.
Based upon the macroinvertebrate data, identify river segments within the watershed with potential point/nonpoint source pollution problems; and

3.
Using the benthic macroinvertebrate data and supporting water chemistry and field data: 

· Assess the types of water quality and/or water quantity problems that are present, and 

· if possible, make recommendations for remedial actions. 

· Provide macroinvertebrate data to DWM’s Environmental Monitoring and Assessment Program to be used in making aquatic life use assessments required by Section 305(b) of the Federal Clean Water Act (CWA).

Table 1. List of macroinvertebrate biomonitoring stations sampled during the 1999 Merrimack River watershed survey, including station identification number, drainage area, station description, and sampling date.

	Station
	Drainage

Area (mi2)
	Merrimack River Watershed

Station Description
	Sampling Date

	CB01
	1.50
	Cobbler Brook, upstream from Mill Street, Merrimack, MA
	20 July 1999

	SB02
	43.24
	Stony Brook, downstream from Brookside Road, Westford, MA
	20 July 1999

	SR01
	78.00
	Spicket River, downstream from General Street, near mouth, Lawrence, MA
	22 July 1999

	BB01
	114.00
	Beaver Brook, downstream from Pleasant Street, Dracut, MA
	22 July 1999

	FB00*
	12.16
	Fish Brook, upstream from Middletown Road, Boxford, MA
	28 July 1999


* Regional reference station (located in the Ipswich River watershed)

Table 2. List of perceived problems addressed during the 1999 Merrimack River watershed biomonitoring survey. Specific biomonitoring stations addressing each problem are also listed, as is the sampling methodology employed at each station.

	Station
	Merrimack River Watershed

Issues/Problems
	Sampling Method

	CB01*
	-Unknown toxicity (MA DEP 1999)

-Miscellaneous NPS pollution, low dissolved oxygen (MA DEP 1990a)
	RBPIII--kick sampling

	SB02
	-Pathogens, organic enrichment/low dissolved oxygen, pH, nutrients, turbidity (MA DEP 1999)

-Potential NPS pollution, “unassessed” for aquatic life
	RBPIII--kick sampling

	SR01**
	-Metals, nutrients, pathogens (MA DEP 1999)

-CSO and industrial discharges, stormwater (MA DEP 1990b)

-Miscellaneous NPS pollution (MA DEP 1994 unpublished field data)
	RBPIII--kick sampling

	BB01**
	-Pathogens (MA DEP 1999)

-Miscellaneous NPS pollution (trash, urban runoff, habitat degradation), impoundment effects (MA DEP 1994 unpublished field data)
	RBPIII--kick sampling


* biomonitoring (RBPII - kick sampling) conducted by DEP in 1990

** biomonitoring (RBPIII - artificial substrate sampling) conducted by DEP in 1994

Figure 1.  Location of DWM biomonitoring stations for the 1999 Merrimack River watershed survey.

METHODS

Macroinvertebrate Sampling - RBPIII

The macroinvertebrate sampling and processing procedures employed during the 1999 Merrimack River watershed biomonitoring survey are described in the standard operating procedures (Nuzzo 1999), and are based on US EPA Rapid Bioassessment Protocols (RBPs) for wadeable streams and rivers (Barbour et al. 1999). Sampling was conducted by DWM biologists throughout a 100 m reach, in riffle/run areas with fast currents and cobble/gravel substrates—generally the most productive habitats, supporting the most diverse communities in the stream system.  Ten kicks in squares approximately 0.46 m x 0.46 m were composited for a total sample area of about 2 m2.  Samples were labeled and preserved in the field with denatured 95% ethanol, then brought to the DEP/DWM lab for further processing. 

Habitat Assessments
An evaluation of physical and biological habitat quality is critical to any assessment of ecological integrity (Karr et al. 1986; Barbour et al. 1999). Habitat assessment supports understanding of the relationship between physical habitat quality and biological conditions, identifies obvious constraints on the attainable potential of a site, assists in the selection of appropriate sampling stations, and provides basic information for interpreting biosurvey results (US EPA 1995). Before leaving the sample reach during the 1999 biosurveys, habitat qualities were scored using a modification of the evaluation procedure in Barbour et al. (1999). The matrix used to assess habitat quality is based on key physical characteristics of the water body and surrounding land use. Most parameters evaluated are instream physical attributes often related to overall land use and are potential sources of limitation to the aquatic biota (Barbour et al. 1999). The ten habitat parameters are as follows: instream cover, epifaunal substrate, embeddedness, sediment deposition, channel alteration, velocity/depth combinations, channel flow status, right and left (when facing downstream) bank vegetative protection, right and left bank stability, right and left bank riparian vegetative zone width.  Habitat parameters are scored, totaled, and compared to a regional reference station and/or a site-specific control (upstream reference) station to provide a final habitat ranking. 

Macroinvertebrate Sample Processing And Analysis
Macroinvertebrate sample processing entailed distributing whole samples in pans, selecting grids within the pans at random, and sorting specimens from the other materials in the sample until approximately 100 organisms (±10%) were extracted.  Specimens were identified to genus or species as allowed by available keys, specimen condition, and specimen maturity.  Taxonomic data were analyzed using a modification of Rapid Bioassessment Protocol III (RBP III) metrics and scores (Barbour et al. 1999). Based on the taxonomy, various community, population, and functional parameters, or “metrics”, were calculated which allow measurement of important aspects of the biological integrity of the community. This integrated approach provides more assurance of a valid assessment because a variety of biological parameters are evaluated. Deficiency of any one metric should not invalidate the entire approach (Barbour et al. 1999). Metric values for each station were scored based on comparability to the reference station, and scores were totaled. The percent comparability of total metric scores for each study site to those for a selected “least-impacted” reference station yields an impairment score for each site. RBP III analysis separates sites into four categories: non-impacted, slightly impacted, moderately impacted, and severely impacted. Impacts to the benthic community may be indicated by the absence of generally pollution-sensitive macroinvertebrate taxa such as Ephemeroptera, Plecoptera, and Trichoptera (EPT); dominance of a particular taxon, especially the pollution-tolerant Chironomidae and Oligochaeta taxa; low taxa richness; or shifts in community composition relative to the reference station (Barbour et al. 1999). Those biological metrics calculated and used in the analysis of Merrimack River watershed macroinvertebrate data are listed and defined below (For a more detailed description of metrics used to evaluate benthos data see Barbour et al. [1999]):

1. Taxa richness—a measure based on the number of taxa present. The lowest possible taxonomic level is assumed to be genus or species.

2. EPT Index—a count of the number of genera/species from the orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies). As a group these are considered three of the more sensitive aquatic insect orders. Therefore, the greater the contribution to total richness from these three orders, the healthier the community.

3. Biotic Index—Based on the Hilsenhoff Biotic Index (HBI), this is an index designed to produce a numerical value to indicate the level of organic pollution. Organisms have been assigned a value ranging from zero to ten based on their tolerance to organic pollution. A value of zero indicates the taxon is highly intolerant of pollution and is likely to be found only in pollution-free waters. A value of ten indicates the taxon is tolerant of pollution and may be found in highly polluted waters. The number of organisms and the individually assigned values are used in a mathematical formula that describes the degree of organic pollution at the study site. The formula for calculating HBI is:

	HBI= ( xiti
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	where
	xi = number of individuals within a taxon

	
	ti = tolerance value of a taxon

	
	n = total number of organisms in the sample


4. Ratio of EPT and Chironomidae Abundance—The EPT and Chironomidae abundance ratio uses relative abundance of these indicator groups as a measure of community balance. Skewed populations having a disproportionate number of the generally tolerant Chironomidae (“midges”) relative to the more sensitive insect groups may indicate environmental stress.

5. Percent Contribution Dominant Taxon—is the percent contribution of the numerically dominant taxon (genus or species) to the total numbers of organisms. A community dominated by few species indicates environmental stress. Conversely, more balance among species indicates a healthier community.

6. Ratio of Scraper and Filtering Collector Functional Feeding Groups—This ratio reflects the community food base. The proportion of the two feeding groups is important because predominance of a particular feeding type may indicate an unbalanced community responding to an overabundance of a particular food source (Barbour et al. 1999). Scrapers predominate when diatoms are the dominant food resource, and decrease in abundance when filamentous algae and mosses prevail. Filtering collectors thrive where filamentous algae and mosses are prevalent and where fine particulate organic material (FPOM) levels are high.

7. Community Similarity—is a comparison of a study site community to a reference site community. Similarity is often based on indices that compare community composition. Most community similarity indices stress richness and/or richness and abundance. Generally speaking, communities with comparable habitat will become more dissimilar as stress increases. In the case of the Merrimack River watershed bioassessments, an index of macroinvertebrate community composition was calculated based on similarity (i.e., affinity) to the reference community, expressed as percent composition of the following organism groups: Oligochaeta, Ephemeroptera, Plecoptera, Coleoptera, Trichoptera, Chironomidae, and Other. The reference site affinity (RSA) metric is calculated as:
100 – (( ( x 0.5)

where ( is the difference between the reference percentage and the sample percentage for each taxonomic  grouping. RSA percentages convert to RBPIII scores as follows: <35% receives 0 points; 2 points in the range from 35 to 49%; 4 points for 50 to 64%; and 6 points for (65%.

RESULTS AND DISCUSSION

The macroinvertebrate and habitat data collected at each sampling station during the 1999 biosurveys are attached as an Appendix. Included in the taxa list (Table A1) are total organism counts, and the functional feeding group (FG) and tolerance value (TV) of each taxon. In addition, a taxa list of previously unpublished 1994 benthos data collected during DEP’s 1994 biosurveys, is included in Table A2 of the Appendix.

A summary table of the RBP III data analyses of the 1999 benthos data, including biological metric calculations, metric scores, and impairment designations, is included in the Appendix as well. Table A3 is the summary table for all Merrimack River watershed stations using Fish Brook (FB00) as the regional reference station. Habitat assessment scores for each station are also included in the summary tables, while a more detailed summary of habitat parameters is shown in Table A4. 

The 1999 biomonitoring data for this watershed generally indicate various degrees of nonpoint source-related problems in the tributary stations examined. Urban runoff, habitat degradation, and other forms of nonpoint source pollution compromise water quality and biological integrity throughout the watershed. Improvements in water quality were evident at a few of the tributary stations that have historical biomonitoring data, as reflected in the aquatic communities found there during the 1999 biosurveys.

Merrimack River Watershed

The mainstem Merrimack River is formed in central New Hampshire by the confluence of the Pemigewasset and Winnipesaukee rivers. It flows southward through central New Hampshire for 78 miles and into Massachusetts. Once in Massachusetts, it continues generally southeast for about six miles before veering to the northeast near the city of Lowell, Massachusetts. From here, the Merrimack flows the remaining 44 miles to the city of Newburyport where it empties into the Atlantic Ocean. The drainage basin, fourth largest in New England, has a total of 5,010 square miles in New Hampshire and Massachusetts combined, with 24 percent or 1,200 square miles in Massachusetts.

From the Massachusetts state line to the river’s mouth, a distance of 50 miles, the Merrimack drops 90 feet in elevation. Part of this elevation drop includes flow over two major dams in Lawrence and Lowell, Massachusetts. Major canal systems diverting the river flow are also present in Lawrence and Lowell. 

Important subwatersheds within the Massachusetts portion of the Merrimack River drainage basin are the Nashua (530 mi2), Stony Brook (51 mi2), Sudbury/Assabet/Concord (406 mi2), and the Shawsheen (72 mi2) rivers. Other smaller tributaries include Beaver Brook, Spicket River, Little River, and Powwow River.

The three major cities along the Merrimack River in Massachusetts are Lowell, Lawrence, and Haverhill. As historical industrial centers, these cities were once the sources of severe pollution from untreated municipal and industrial wastewater discharges. Today, secondary wastewater treatment facilities are in operation in Lowell, Lawrence, and Haverhill, as well as in Amesbury, Merrimack, and Newburyport. Water quality problems are still evident in the watershed due to combined sewer overflows in Lowell, Lawrence, and Haverhill, to smaller untreated industrial discharges, and to various nonpoint sources.

Fish Brook

The Fish Brook sub-basin lies within the Ipswich River watershed. Its headwaters comprise the drainage area of Mosquito Brook in North Andover and a small, unnamed tributary draining Stiles Pond in Boxford. From the merger of these two tributaries, Fish Brook flows in a generally southeasterly direction through relatively undeveloped wetland and forested areas of Boxford. The stream continues southeastward, draining portions of Boxord State Forest and Boxford Wildlife Sanctuary before joining the Ipswich River in Topsfield.

FB00—Fish Brook, mile point 3.5, upstream from Middletown Road, Boxford, MA. Sampling conducted 28 July 1999.

Habitat

The FB00 sampling reach began approximately 200 m upstream from Middletown Road, in a forested and relatively undeveloped portion of Boxford in the Ipswich River watershed. The partially (approximately 60%) shaded reach consisted of a series of shallow (approximately 0.20 m), short riffles interspersed with deeper (approximately 0.50 m) run areas. Stream width was approximately 6 m. Rocky substrates were prevalent, including an abundance of cobble and pebble, as well as gravel and a fair amount of sand—the latter resulting in occasional small areas of deposition. Instream mosses and emergent macrophytes—most notably burreed (Sparganium sp.)—provided additional microhabitat (though not sampled) for macroinvertebrates; however, epifaunal habitat was considered suboptimal. Fish habitat was suboptimal as well, with submerged logs and overhanging shrubs providing the majority of the cover. Both stream banks were well-vegetated and stabilized with an abundance of shrubby and herbaceous vegetation. A diverse assemblage of shrubs and herbaceous growth, consisting of riverbank grape (Vitis riparia), rose (Rosa multiflora), honeysuckle (Lornicera sp.), skunk cabbage (Symplocarpus foetidus), Joe-Pye weed, (Eupatorium sp.) and ferns, dominated the riparian zone along both banks. Farther from the stream channel riparian vegetation was dominated by a mix of evergreens and hardwoods that included white pine (Pinus strobus), red maple (Acer rubrum), ash (Fraxinus americana), and oak (Quercus sp.). Riparian vegetation extended undisturbed from the left (west) bank, while the wide wooded buffer along the right (east) bank eventually gave way to a large uncultivated pasture.

FB00 received a composite habitat score of 158/200—one of the highest received by a biomonitoring station during the 1999 Merrimack River watershed survey (Table A4). This was the designated regional reference station by virtue of its habitat evaluation, presumed good water quality, and minimal upstream/nearstream land use impacts (i.e., absence of point source inputs, lack of channelization, minimal development or agricultural activity nearby, undisturbed and well-vegetated riparian zone, minimal nonpoint source pollution inputs). 

Benthos

This portion of Fish Brook was characterized by a macroinvertebrate assemblage indicating a healthy aquatic community. A richness of 29, including 8 intolerant EPT taxa, was recorded—the most of any biomonitoring station in the survey—and most of the metric values were indicative of clean water and “least-impacted” conditions (Table A3). In particular, those attributes that measure components of community structure (i.e., taxa richness, biotic index, EPT index)—which display the lowest inherent variability among the RBP metrics used (Resh 1988)—scored well, further corroborating the designation as a reference station. A relatively low biotic index (4.81) and high scraper/filterer metric value (1.50) relative to other biomonitoring stations in the survey indicated the dominance of pollution-sensitive taxa among the Fish Brook benthos assemblage, and good overall trophic balance. FB00 received a total metric score of 38 (Table A3).

Cobbler Brook

From its headwaters in the northwestern portion of Merrimack near the New Hampshire border, Cobbler Brook flows in a southeasterly direction through relatively undeveloped and forested areas of Merrimack before reaching the town center. From there it continues in a southeasterely direction, flowing under Interstate 495, before reaching its confluence with the Merrimack River in the Merrimackport section of town. Cobbler Brook has historically received plating waste discharge from Coastal Metal Finishing via a feeder stream in the vicinity of Route 110; however, this discharge has since been removed.

CB01—Cobbler Brook, mile point 1.0, upstream from Mill Street, Merrimack, MA. Sampling conducted 20 July 1999.

Habitat

The CB01 sampling reach began approximately 100 m upstream from Mill Street, in a predominantly forested portion of Merrimack with minimal residential development. The mostly (approximately 90%) shaded reach displayed a natural meander, and an abundance of cobble/gravel substrates subjected to well-developed (approximately 0.10 – 0.20 m deep) riffles and runs provided macroinvertebrates with excellent epifaunal habitat. Fish habitat was suboptimal, however, due to shallow water (channel only about half-full) and limited cover. Instream vegetation and algal growth were not observed. Stream width was approximately 4 m.

The majority of both stream banks were well-vegetated and stabilized by an established layer of shrubby and herbaceous growth. The dense layer of rose (Rosa multiflora), jewelweed (Impatiens capensis), poison ivy (Rhus radicans), and Japanese knotweed (Polygonum cuspidatum) along the right (south) bank gave way to a wide riparian zone dominated by a mix of hardwoods—most notably red maple (Acer rubrum), red oak (Quercus rubra), and American beech (Fagus grandifolia)—with understory vegetation dominated by dogwood (Cornus sp.), witchhazel (Hamamelis virginiana), winterberry (Ilex sp.), and elderberry (Sambucus canadensis). Similar types of herbaceous and shrubby growth provided an adequate buffer from most of the light residential development along the left (north) bank, with the exception of the bottom of the reach, where a steep eroding section of the stream bank with deposits of yard waste (grass clippings, trash) from a nearby home offered potential nonpoint sources of pollution. Despite the potential for sediment inputs to this portion of the reach, instream deposition and associated embeddedness were minimal. Considerable amounts of instream trash were observed at the bottom of the reach, most likely originating from the adjacent residence.

CB01 received a composite habitat score of 165/200—the highest received by a biomonitoring station during the 1999 Merrimack River watershed survey (Table A4). 
Benthos

Despite the optimal habitat relative to reference conditions, the CB01 benthos assemblage received a total metric score (22) that was only 58% comparable to FB00 (Table A3). Low-scoring (score= 0) values for the EPT index metric and the Scrapers/Filterers metric contributed most to the “slightly impacted” bioassessment of CB01. The reduction in pollution-sensitive EPT taxa, as well as the preponderance of filter-feeding caddisflies (e.g., Cheumatopsyche sp.; Hydropsyche betteni gr.; and Chimarra sp.) evident in the CB01 assemblage, indicate that water quality problems related to organic enrichment may persist in this portion of Cobbler Brook. Indeed, the impoundment immediately upstream from the CB02 sampling reach probably provides a significant source of fine organic particulate matter (FPOM) for the SB02 benthic community. More localized nonpoint source-related nutient/organic inputs—most notably yard waste deposits along the steep, eroding north bank—may contribute to the enriched conditions observed in the CB02 sampling reach as well.

In addition, low base-flow (channel only half-full of water) at CB02—and the subsequent elimination of epifaunal habitat—may contribute to reductions in EPT taxa, as many of these organisms are particularly susceptible to substrate exposure and stranding (Minshall 1984). Corroborating the presence of low-flow effects here are the high densities of the chironomids Parametriocnemus sp. and Tvetenia bavarica gr.—species which are known to survive dry conditions or periods of reduced base-flow (Bode, NY DEC, personal communication 1998).

Community structure and function—at least at the family level—do not appear to have changed greatly at CB02 since the last biosurvey here in 1990. Filter-feeding caddisflies and gathering-collector chironomids continue to dominate the benthic community, though not to the degree observed in 1990, when hydropsychids and chironomids comprised 55% and 38% of the benthos assemblage respectively and contributed to a “moderately impaired” bioassessment (MA DEP 1990a). Possible improvements in community balance at CB02 since 1990 might be at least partially attributable to slight improvements in water quality in this portion of the stream. The removal of the Coastal Metal Finishing discharge (now tied-in to the Merrimack POTW [Keohane, MA DEP, personal communication 2001]) in 1990 may have contributed to these improvements. It is also possible that the 1999 biomonitoring effort (10 “kicks” throughout a 100 m reach) entailed the sampling of more, better quality epifaunal habitat than during the 1990 biosurvey (2 adjacent “kicks”).

Beaver Brook

Beaver Brook enters Massachusetts having drained considerable portions of southern New Hampshire. As it continues in a southerly direction towards its confluence with the Merrimack River, adjacent land use becomes increasingly developed—first in the mostly residential Collinsville section of Dracut, then more urbanized portions of Dracut and Lowell. Beaver Brook receives the drainage of Double Brook and its heavily developed source water (Long Pond) in Dracut, as well as Peppermint Brook in Dracut before merging with the Merrimack River.

BB01—Beaver Brook, mile point 0.40, downstream from Pleasant Street, Dracut, MA. Sampling conducted 22 July 1999.

Habitat

The BB01 sampling reach began approximately 300 m downstream from Pleasant Street, ending immediately downstream from the confluence with Peppermint Brook. The minimally (approximately 10-20%) shaded reach was approximately 10 m wide with an average depth of about 0.20 m in the riffle/run areas.  The numerous deep (approximately 1 m) pools, large boulders, and submerged logs provided fish with excellent cover.  Instream vegetation, most notably arrow arum (Peltandra virginica) and milfoil (Myriophyllum sp.), probably provided additional microhabit as well. Indeed, many pumpkinseed, darters, and shiners were observed in pool areas or inadvertently captured in the kick-net during sampling. Macroinvertebrate habitat, however, was marginal, mainly due to the lack of well-developed riffle areas and a preponderance of gravel and finer (i.e., sand and silt) substrates. And many of the larger, cobble substrates that would normally offer good benthos habitat were left exposed due to the marginal (channel only about half-full) channel flow status. Some snags and other woody debris submerged in riffles areas did provide limited additional microhabitat for macroinvertebrates. Considerable instream sediment deposition in the form of shifting sand, pebble bars, and fine organic/inorganic deposits in pools throughout the reach threaten potential epifaunal habitat and fish habitat. An abundance of trash was observed instream as well. Instream algal growth was moderate, comprised of filamentous forms of green algae mainly in pool areas and in some riffles.

The right (west) stream bank was well-vegetated with herbaceous growth—most notably, various ferns, riverbank grape (Vitis riparia), purple loosestrife (Lythrum salicaria), and Japanese knotweed (Polygonum cuspidatum)—before giving way to a hardwood-dominated forest of maple (Acer spp.), oak (Quercus sp.), and ash (Fraxinus sp.). Banks were relatively stable along the right bank, the exception being near the top of the reach where serious bank erosion was observed. Along the left (east) bank, serious erosion was observed near the top and bottom of the reach. In addition, historical dumping of asphalt along the left bank (possibly originating from an adjacent construction company) near the top of the reach has resulted in removal of much of the riparian vegetation here, as well as deposits of excavated debris directly into the stream channel. 

Other nonpoint source inputs enter Beaver Brook via Peppermint Brook, which had a turbid appearance and a petroleum odor during the time of sampling. The presence of a construction and landscaping company adjacent to the mouth of Peppermint Brook has resulted in historical and recent dumping of much trash (including 55 gal. drums), excavation-related debris (e.g., concrete, sand, stones), and other construction materials along the right stream bank and in the stream itself. The effects from nonpoint source pollution in Peppermint Brook appear to be at least partially responsible for observed turbidity and subsequent habitat deterioration in Beaver Brook.

BB01 received a total habitat assessment score of 136/200 (Table A4). This represented 86% comparability to the “least-impacted” habitat conditions encountered at the FB00 reference station. Reduced epifaunal habitat, low base-flow (i.e., marginal channel flow status), and sediment deposition contributed most to point reductions during habitat scoring.

Benthos

BB01 received a total metric score of 22, representing 74% comparability to the FB00 reference station (Table A3). Although this resulted in a bioassessment of “slightly impacted,” many of the metric values scored as well as those for the FB00 benthos assemblage.  Indeed, pollution sensitive taxa were well-represented at BB01, as indicated by an EPT index higher than at FB00 (Table A3). Contributing most to metric score reductions was the Scrapers/Filterers metric value (score= 0), the result of high densities of net-spinning caddisflies (e.g., Hydropsychidae; Philopotamidae) (Table A1). These filter-feeders are probably afforded an abundant FPOM food supply from the impoundments immediately upstream from the BB01 sampling reach, extensive wetlands near the Massachusetts-New Hampshire border, and possibly Peppermint Brook as well. Long Pond (via Double Brook), in particular, may be a source of nutrient loads and associated FPOM to this portion of Beaver Brook, as this waterbody is on the 303(d) list of impaired waters due to noxious aquatic vegetation (MA DEP 1999). The philopotamid and hydropsychid caddisflies, however, did not occur at the densities observed during the last biomonitoring survey conducted here in 1994, when they were hyperdominant and comprised over 85% of the assemblage (Table A2). In addition, total taxa richness and EPT richness were higher at BB01 in 1999 than 1994—possibly indicative of slight improvements in water quality here since the 1994 biosurvey. 

Nevertheless, serious habitat degradation continues to threaten biological integrity in this portion of Beaver Brook. The greatest threat to the resident benthic community at BB01 may be instream sedimentation. Sand and other fine sediments drastically reduce macroinvertebrate microhabitat by filling the intersticial spaces of epifaunal substrates. In addition, the filling of pools with sediment reduces fish cover and may be detrimental to fish egg incubation and survival. Sediment inputs probably originate from numerous sources in this portion of the watershed—the upstream road crossing, Peppermint Brook, a sand and gravel operation just upstream, and the seriously eroding stream banks throughout much of the sampling reach—all may contribute to the instream deposition observed at BB01. In addition, the effects of runoff are probably exacerbated by the removal of much of the vegetative riparian buffer along the east bank of the sampling reach.

In addition to sediments, much anthropogenic debris exists throughout the sampling reach, further compromising habitat and threatening water quality here. In particular, the adjacent construction company appears to be the source of much of the instream and riparian trash deposits in Beaver Brook and near the confluence with Peppermint Brook. Petroleum odors and instream turbidity at BB01—apparently originating from Peppermint Brook—further corroborate the threat to aquatic life and water quality here.

Stony Brook
Stony Brook originates between Ayer and Littleton as Beaver Brook (different from the Beaver Brook described above). From the outlet of Forge Pond in Westford, it flows generally northeast through Littleton, Westford, and North Chelmsford where it enters the Merrimack River just past the Route 3 highway crossing. In its 22 mile length, it drains a moderately developed area of approximately 51 square miles and falls 200 feet. Dams create many impoundments along its entire length. The mainstem is fed by numerous small streams along its path to the Merrimack River. The Stony Brook sub-basin also includes a number of lakes and ponds—the largest being Forge, Keyes, Nabnasset, and Long Sought-for ponds.

SB02—Stony Brook, mile point 3.30, downstream from Brookside Road, Westford, MA. Sampling conducted 20 July 1999.

Habitat

The SB02 sampling reach began approximately 100 m downstream from Brookside Road. The partially (>50%) shaded reach meandered through a wooded area of ash (Fraxinus sp.) and maple (Acer sp.). Along the margins of both stream banks, dense herbaceous growth—especially royal fern (Osmunda regalis), barberry (Berberis sp.) and purple loosestrife (Lythrum salicaria)—provided bank stability and a good riparian buffer. Shrubs were an important riparian component as well, with dogwood (Cornus sp.), Viburnum sp., and riverbank grape (Vitis riparia) the dominant species. Instream vegetation and algal growth were minimal, composed mainly of rooted submergent pondweed (Potamogeton sp.), and both filamentous and matted forms of green algae respectively.

Epifaunal substrates were considered optimal as benthos habitat, albeit at the lower-scoring end of that parameter due to the shallow (approximately 0.10 – 0.20 m) nature of the riffle/run areas at the time of sampling and the small size (mainly small cobble, gravel, and sand) of the inorganic substrate components. Fish habitat was considered suboptimal and was mostly confined to the middle of the reach, where deep (approximately 0.75 m) pools and submerged woody debris provided good cover. Stream width was approximately 3 – 5 m.

Nonpoint source pollution—especially sediment deposition—seriously compromises instream fish and benthos habitat potential in this portion of Stony Brook. Significant deposits of sand and finer sediments were observed throughout the reach, eliminating productive riffle habitat and filling in pool areas. While the Brookside Road crossing is one obvious source of potential sediment inputs to the SB01 reach, other upstream sources may exist. Numerous sand and gravel pits—often located immediately adjacent to the stream—are present in the Stony Brook sub-basin; although, none occur in the immediate area. Other localized nonpoint source pollution observed at SB01 included trash deposits (wood, glass, tires, plastics), observed throughout the sampling reach and probably originating from upstream road crossings.

The SB02 biomonitoring reach received a total habitat assessment score of 145/200, representing 92% comparability to the “least-impacted” habitat conditions encountered at the FB00 reference station (Table A4). Sediment deposition, substrate embeddedness in riffle/run areas, and reduced base-flow (i.e., marginal channel flow status) contributed most to reductions in habitat scores.

Benthos

Despite habitat comparable (92%) to the reference condition, the SB02 benthos assemblage received a total metric score of only 20, representing 53% comparability to the reference station at FB00 and resulting in a “slightly impacted” bioassessment (Table A3). The dominance of the community by relatively few taxa, particularly the filter-feeding Hydropsychidae (an unusually high density of the filter-feeding mussel, Eliptio complanata was observed at SB02 as well) indicates an unbalanced community responding to an overabundance of fine particulate organic matter (FPOM) in the water column. Significant deposits of FPOM were also observed on much of the instream substrates. That the assemblage is dominated by filter-feeders is not surprising, as the impounded nature of much of Stony Brook no doubt results in a constant source of suspended FPOM; however, the high densities represented by the hydropsychids are somewhat disconcerting and indicative of the effects of moderate enrichment. Typically, in lentic systems such as the upstream impoundments, the primary source of organic matter is autochthonous (produced within the system), with secondary inputs of allochthonous (transported into the system from someplace else) materials from shoreline vegetation and fluvial inputs (Wetzel 1975, Merritt et al. 1984). Phytoplankton production—and to a lesser extent, littoral vascular plant production—and associated dissolved organic matter (DOM), are the primary source of autochthonous matter (Wetzel 1975). It is the physical-chemical flocculation (nonbiological) of this DOM and/or other biological processes that leads to the formation of FPOM, the primary nutrition resource utilized by filter-feeders (Wetzel 1975). While FPOM production in lotic systems is primarily a result of the processing of Course Particulate Organic Material (CPOM) contributed by aquatic shredders, the high concentration of FPOM in stream systems immediately below pond and reservoir outlets has mainly lentic origins. If these lentic systems are subjected to increasingly eutrophic conditions the resulting effects of enrichment (i.e., increased algal, plant, and DOM production) can be seen not only in the lentic fauna, but also in the lotic aquatic communities immediately downstream. 

The enrichment effects (e.g., dominance of filter-feeders, displacement of scrapers) reflected in the SB02 benthic community are probably most directly related to the productive nature of various upstream waterbodies in the Stony Brook subwatershed. The entire length of Stony Brook from the outlet of Forge Pond to SB02 is currently on the 303(d) list of impaired waters for organic enrichment and associated low dissolved oxygen (MA DEP 1999). In addition, Stony Brook’s headwater stream—Beaver Brook—is impaired by nutrients and organic enrichment. Not surprisingly, Mill and Forge ponds—receiving waters for Beaver Brook—are impaired by noxious and non-native aquatic vegetation respectively (MA DEP 1999). It is worth mentioning that Mill Pond receives the effluent from the NPDES-permitted discharge of Veryfine Products, Inc. in Littleton via a small tributary (Reedy Meadow Brook).

Eutrophic waterbodies upstream, as well as various nonpoint source-related nutrient/organic loadings to Stony Brook, appear most responsible for biological impairment and suspect water quality at SB02.  In addition, instream deposits of fine organic (FPOM) and inorganic (sand) materials threaten habitat quality and biological potential here as well. These fine materials can be deleterious because they can reduce light penetration—and consequently plant growth (instream aquatic vegetation and periphyton cover were minimal at SB02), smother hard surfaces, and fill interstices within the substrate (Wiederholm 1984). Resident biota at SB02, then, may be subsequently affected by obstructions to food collection or respiration caused by fine deposits of organic/inorganic material. 

Spicket River
Formed by the drainages of Arlington Hill Reservoir, Providence Hill Brook, and Captain Pond Brook in southern New Hampshire, the Spicket River flows south towards the Massachusetts border. Upon entering Massachusetts it continues in a southeasterly direction, draining highly urbanized portions of Methuen and Lawrence before joining the Merrimack River just upstream from Interstate 495. Water quality has historically been compromised along much of the Spicket River, especially in Lawrence, where numerous industrial and stormwater discharges, and a combined sewer overflow (CSO) discharge exist (MA DEQE 1985, MA DEP 1990b). Water quality remains suspect in the Spicket River—currently the entire length of the river in Massachusetts (i.e., New Hampshire state line [Methuen] to confluence with Merrimack River, Lawrence, Miles 6.40 – 0.00) does not meet state surface water quality standards for nutrients, pathogens, and metals—resulting in its inclusion on the most recent Massachusetts Section 303(d) List of Waters  (MA DEP 1999).

SR01—Spicket River, mile point 0.25, downstream from General Street, Lawrence, MA. Sampling conducted 22 July 1999.

Habitat
The SR01 sampling reach was located approximately 200 m downstream from General Street, in a highly  industrialized and channelized (both a free-standing stone wall and the foundation of a mill building has replaced the right/south bank; “rip-rap” is deposited along left/north bank) portion of the Spicket River. The minimally (<5%) shaded reach was approximately 6 – 8 m wide, with depth ranging from 0.20 – 0.30 m in riffle/run areas and up to 0.75 m deep in the pools. Swift current velocity, coupled with an abundance of cobble and pebble substrates offered excellent epifaunal habitat for macroinvertebrates. Fish habitat was marginal at best, however, due to an obvious lack of cover. In fact, instream trash (metal, plastic, glass) provided most of the “stable” fish habitat. The riparian vegetative zone was extremely limited along the left bank, with a few sumac (Rhus sp.) shrubs and silver maple (Acer saccharinum) trees, purple loosestrife (Lythrum salicaria), poison ivy (Rhus radicans), and Japanese knotweed (Polygonum cuspidatum) providing only a very thin riparian buffer from an adjacent parking lot. Serious bank erosion has resulted in numerous bare spots along this bank, and a large pile of trash was observed near the top of the reach. Riparian vegetation was completely removed along the right (south) bank, a result of the channelized conditions mentioned above. A large parking lot adjacent to the right bank parallels much of the reach. Instream vegetation consisted of aquatic mosses and filamentous green algae—each covering about 30% of the reach.

The narrow vegetative buffer, coupled with the close proximity of adjacent industrial/commercial activity, increases the potential for nonpoint source pollution inputs to the SR01 reach. Occasional deposits of sand were observed near the top of the sampling reach—origins of instream sedimentation are unknown; however, serious erosion along the steep left (south) bank, parking lots, and numerous stormdrains entering the stream along the right (north) bank are potential sources. Slightly turbid instream conditions were observed. 

SR01 received a total habitat assessment score of 115/200, representing 73% comparability to the “least-impacted” habitat conditions encountered at the FB00 reference station (Table A4). This was the lowest habitat score received by a biomonitoring station during the 1999 Merrimack River watershed survey, with poor instream fish cover, sediment deposits, severe channelization, and reduced riparian zone width negatively affecting the habitat score.

Benthos
SR01 received a total metric score of 32, representing 84% comparability to the reference condition at FB00 (Table A3). This was the only study site in the 1999 Merrimack River watershed biomonitoring survey found to be “non-impacted” for biological condition. Despite the obvious habitat limitations and potential nonpoint source pollution inputs in this portion of the Spicket River, the SR01 macroinvertebrate community was surprisingly diverse. Both total taxa richness and EPT richness were highly comparable (i.e., score= 6) to the reference assemblage at FB00; and in terms of overall community composition, SR01 displayed the highest affinity (68%) to FB00 than any other biomonitoring station in the 1999 survey (Table A3). EPT/Chironomidae and Percent Dominant Taxon metrics actually performed better than those for the reference station (Table A3)—the low percentage (20%) for the latter metric value indicating good overall balance among the SR01 benthic community. 

Community structure and function among the SR01 benthos assemblage was markedly different in 1999 than during the previous biomonitoring survey here. In 1994, the sample was dominated by taxa highly tolerant of conventional organic pollution—most notably, gathering-collector forms of naidid and echytraeid worms, as well as numerous tolerant chironomids (Table A2). The hyperdominance of these groups contributed to the highest biotic index (8.61 when based on 1994 tolerance values; 8.54 when based on current tolerance values) observed during the 1994 survey (Table A2). Pollution tolerant worms were conspicuously absent from the 1999 benthos sample here, and the biotic index was considerably lower (5.92 when based on current tolerance values). While a direct comparison of data between the two surveys may be inadvisable, due to differing flow conditions and sampling/sample processing methodologies (i.e., rock basket samplers employed in 1994; kick sampling in 1999; data analyses based on 200-organism subsample in 1994; 100-organism subsample in 1999), water quality may have improved dramatically here since the 1994 survey.  

According to Kevin Brander (MA DEP/ Division of Municipal Services, personal communication 2001), who manages the CSO abatement programs in the Merimack River watershed, the Greater Lawrence Sanitary District (GLSD)—as part of their abatement work—was required to implement by 1997 (and has) CSO measures known as the “Nine Minimum Controls.” This entails operating and maintaining the existing CSO system and treatment facility in such a way that CSO impacts are minimized to the greatest extent possible. Maintenance includes raising regulator and weir heights in the overflow structures and maximizing flows to the GLSD treatment facility. This abatement work may have contributed to the improved water quality and biological conditions observed at SR02 during the 1999 biosurvey compared to 1994, when the outfall might have been discharging more often, with more volume, and possibly during dry weather.  In addition, a permitted upstream power plant discharge to the Spicket River has been eliminated since the 1994 biosurvey (Cashins, MA DEP/ Northeast Regional Office, personal communication 2001).

Instream and riparian habitat degradation—particularly the dumping of trash, riparian disturbances (e.g., bank erosion, removal of riparian vegetation), and sediment inputs from adjacent impervious surfaces— continues to threaten biological potential at SR01. The highly urbanized nature of this portion of the Spicket River subwatershed makes the control and/or elimination of these perturbations somewhat problematic.

SUMMARY/ RECOMMENDATIONS
Fish Brook, Boxford, MA  (FB00) 

Benthos: Reference condition

Habitat: Reference condition

Since the 1999 biosurvey here, new home construction has occurred in the pasture immediately adjacent to the FB00 sampling reach. This may not only pose a threat to riparian/instream habitat potential and the health of resident biota in this portion of Fish Brook, but compromise FB00’s status as a reference condition for future biomonitoring surveys in the Ipswich and nearby (i.e., Parker and Merrimack River watersheds) watersheds.  It is imperative that biomonitoring (macroinvertebrates and fish) be conducted here during the next (i.e., 2004) round of “year 2” monitoring activities in the “yellow” (i.e., Merrimack) basins.

Cobbler Brook, Merrimack, MA  (CB02) 

Benthos: Slightly Impacted (58% of reference score)

Habitat: >100% of reference score

Water quality degradation resulting from organic enrichment—and probably to a lesser degree habitat constraints related to riparian disturbances and seasonal low base-flow—compromise biological integrity at CB02. Impoundment effects, localized nonpoint source pollution, and unknown anthropogenic perturbations originating upstream (possibly in the vicinity of downtown Merrimack) may pose a threat to biological potential in this portion of Cobbler Brook. 

Outreach efforts are recommended to educate nearby residents on how improper yard waste disposal can impact aquatic life “in their own back yard,” as well as the importance of maintaining a riparian buffer zone. In addition, local clean-up efforts to remove instream trash and debris should be encouraged.

While toxic effects—possibly attributable to the Coastal Metal Finishing discharge—are no longer evident here, as was the case during the 1990 biosurvey, depleted oxygen levels may contribute to the reduction of pollution-sensitive EPT taxa observed during the 1999 survey. Biomonitoring is recommended here during the next DEP Merrimack River watershed survey in 2004. Fish population sampling, which has not historically been performed by DEP in this subwatershed, should accompany the macroinvertebrate sampling effort. In addition, monitoring physico-chemical parameters—especially dissolved oxygen and pH—may aid in the interpretation of future biomonitoring data collected here.

Beaver Brook, Dracut, MA  (BB01) 

Benthos: Slightly Impacted (74% of reference score)

Habitat: 86% of reference score

Upstream impoundments (e.g., Long Pond) probably account for the enriched conditions reflected in the aquatic community at BB01.  In addition to water quality constraints, habitat degradation (especially riparian) significantly compromises biological integrity in this portion of Beaver Brook. 

Immediately following the 1999 biosurvey here, DWM notified DEP’s Northeast Regional Office (NERO) regarding the observed dumping of construction materials along the BB01 sampling reach and near the Peppermint Brook confluence. As a result, NERO has since filed a Request for Information Regarding a Complaint with the Dracut Board of Health. If one has not been conducted already, a site visit to the construction/excavating company adjacent to the BB01 reach is recommended to determine the extent that the property is a source (though other upstream sources no doubt exist) of sediment and trash inputs to this portion of the river. In addition, the EOEA Merrimack River Watershed Team may wish to contact either the Dracut Board of Health or DEP/ NERO to determine if efforts have since been made to remedy the situation.  A site visit to the sand and gravel operation located upstream near the Long Pond Park portion of Dracut may be warranted as well. Improvements to the riparian zone along the east bank of the reach would be beneficial in alleviating the effects of nonpoint source inputs. Streambank stabilization and restoration of a riparian buffer may help to reduce the effects of road and parking lot runoff in this portion of Beaver Brook. 

Biomonitoring is recommended here during the next DEP Merrimack River watershed survey in 2004. Fish population sampling, which has not historically been performed by DEP in this subwatershed, should accompany the macroinvertebrate sampling effort. In addition, the origins of suspect water quality in Peppermint Brook should be investigated—water quality monitoring may help to isolate potential sources of petroleum, turbidity, sediments, and other environmental perturbations. 

Stony Brook, Westford, MA  (SB02) 

Benthos: Slightly Impacted (53% of reference score)

Habitat: 92% of reference score

Eutrophic conditions of upstream impoundments (e.g., Forge and Mill ponds), as well as direct nutrient/organic loadings to Stony Brook itself probably account for the organically enriched conditions reflected in the aquatic community at SB02.  In addition to water quality constraints, habitat degradation (especially instream deposition) probably compromises biological integrity here as well—though to a lesser degree. An investigation of land-use and possible nonpoint source pollution along Stony Brook upstream from SB02 may help to isolate sources of nonpoint source-related stressors. A stream clean-up effort would address the trash that apparently enters the river from the Brookside Road crossing, and further dumping of trash should be strongly discouraged. In addition, a review of the Veryfine Products, Inc. NPDES permit (no. MA0004936) requirements—most recently modified in 1998—is recommended, as wastewater discharged from this facility may contribute to the eutrophic conditions documented in Mill Pond and/or  Beaver Brook.

Biomonitoring is recommended here during the next DEP Merrimack River watershed survey in 2004. Fish population sampling, which has not historically been performed by DEP in this subwatershed, should accompany the macroinvertebrate sampling effort.

Spicket River, Lawrence, MA  (SR01) 

Benthos: Non-impacted (84% of reference score)

Habitat: 73% of reference score

Despite habitat constraints attributable to the urbanized nature of this subwatershed, biological integrity has likely improved here since the last DEP biosurvey conducted in 1994, when organisms highly tolerant of organic pollution dominated the benthic community and indicated serious water quality degradation. CSO abatement work required of GLSD may have contributed to improvements in water quality in this portion of the river.

While it may be difficult to eliminate or isolate some sources of urban runoff (stormwater, road/parking lot runoff, riparian disturbances) that threaten habitat and biological quality at the SR01, streambank stabilization and restoration of an adequate riparian buffer may help to alleviate the effects of some nonpoint source inputs to this portion of the river. In addition, a stream clean-up effort would greatly improve the aesthetic nature of this segment of the Spicket River.

Biomonitoring (macroinvertebrates and fish) is strongly recommended here during the next DEP Merrimack River watershed survey in 2004, so as to continue to monitor the CSO abatement efforts of GLSD and any other river improvement measures that may take place.
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APPENDIX

Macroinvertebrate taxa lists, RBPIII analyses, and Habitat evaluations

Table A1.  Species-level taxa list and counts, functional feeding groups (FG), and tolerance values (TV) for macroinvertebrates collected from stream sites during the 1999 Merrimack River watershed survey between 20 and 28 July 1999. Refer to Table 1 for a complete listing and description of sampling stations.

	Taxon
	FG1
	TV2
	FB003
	BB01
	CB01
	SB02
	SR01

	Pisidiidae
	FC
	6
	5
	
	
	
	

	Hydrobiidae
	SC
	8
	
	1
	
	
	2

	Planorbidae
	SC
	6
	
	
	
	1
	

	Lumbricina
	GC
	8
	
	
	2
	1
	

	Nais alpina
	GC
	8
	
	
	
	
	1

	Nais communis
	GC
	8
	
	1
	1
	1
	1

	Pristinella osborni
	GC
	10
	
	
	
	1
	2

	Lumbriculus variegatus
	GC
	5
	3
	
	
	1
	

	Erpobdella sp.
	PR
	8
	
	
	1
	
	

	Caecidotea communis
	GC
	8
	
	
	1
	
	

	Gammarus sp.
	GC
	6
	33
	13
	
	
	20

	Hydrachnidia
	PR
	6
	
	1
	
	
	5

	Baetidae
	GC
	4
	
	
	
	4
	3

	Baetidae (with cerci only)
	GC
	6
	
	3
	
	
	

	Baetidae (with terminal filament)
	GC
	6
	
	1
	
	
	

	Baetis sp. (with cerci only)
	GC
	6
	
	
	
	
	5

	Baetis sp. (with terminal filament)
	GC
	6
	
	
	
	3
	5

	Stenonema sp.
	SC
	3
	2
	1
	
	2
	

	Isonychia sp.
	GC
	2
	
	
	
	1
	

	Tricorythodes sp.
	GC
	4
	
	
	
	2
	

	Hansonoperla sp.
	PR
	1
	2
	
	
	
	

	Leuctra sp.
	SH
	0
	7
	
	
	
	

	Perlesta sp.
	PR
	5
	1
	
	
	
	

	Nigronia sp.
	PR
	0
	
	
	1
	1
	

	Helicopsyche sp.
	SC
	3
	
	1
	
	
	

	Cheumatopsyche sp.
	FC
	5
	
	6
	5
	
	9

	Hydropsyche sp.
	FC
	4
	1
	
	
	
	3

	Hydropsyche betteni gr.
	FC
	6
	
	35
	29
	49
	4

	Hydropsyche morosa gr.
	FC
	6
	
	
	
	12
	2

	Macrostemum zebratum
	FC
	3
	
	7
	
	1
	

	Ochrotrichia sp.
	GC
	4
	
	
	
	1
	

	Lepidostoma sp.
	SH
	1
	
	1
	
	
	1

	Chimarra sp.
	FC
	4
	
	8
	11
	4
	1

	Dolophilodes sp.
	FC
	0
	
	3
	
	
	

	Neophylax sp.
	SC
	3
	1
	
	2
	
	

	Oecetis sp.
	PR
	5
	1
	
	
	
	

	Psilotreta sp.
	SC
	0
	1
	
	
	
	

	Microcylloepus sp.
	GC
	3
	2
	
	
	
	

	Optioservus sp.
	SC
	4
	5
	2
	
	
	


Table A1.  Continued.

	Taxon
	FG1
	TV2
	FB003
	BB01
	CB01
	SB02
	SR01

	Oulimnius latiusculus
	SC
	4
	
	2
	
	
	

	Promoresia tardella
	SC
	2
	6
	
	
	
	

	Stenelmis sp.
	SC
	5
	1
	
	5
	1
	

	Psephenus herricki
	SC
	4
	1
	
	
	
	

	Forcipomyia sp.
	SC
	6
	
	
	1
	
	

	Chironomus sp.
	GC
	10
	
	
	
	1
	

	Microtendipes pedellus gr.
	FC
	6
	3
	2
	
	
	1

	Microtendipes rydalensis gr.
	FC
	6
	1
	
	
	
	

	Phaenopsectra sp.
	GC
	7
	1
	
	
	
	

	Polypedilium fallax
	SH
	6
	1
	
	
	
	

	Polypedilum flavum
	SH
	6
	
	10
	
	
	3

	Polypedilum tritum
	SH
	6
	1
	
	
	
	

	Micropsectra sp.
	GC
	7
	8
	
	2
	
	

	Rheotanytarsus distinctissimus gr.
	FC
	6
	
	
	
	
	1

	Rheotanytarsus exiguus gr.
	FC
	6
	
	
	
	
	8

	Tanytarsus sp.
	FC
	6
	2
	1
	1
	
	1

	Stempellinella sp.
	GC
	2
	2
	
	
	
	

	Diamesa sp.
	GC
	5
	
	
	
	
	2

	Cricotopus sp.
	SH
	7
	
	1
	
	
	

	Cricotopus annulator
	SH
	7
	
	
	
	
	5

	Cricotopus/Orthocladius sp.
	GC
	7
	
	
	
	
	1

	Heterotrissocladius sp.
	GC
	4
	
	
	1
	
	

	Nanocladius sp.
	GC
	7
	
	
	
	1
	1

	Orthocladius sp.
	GC
	6
	
	
	
	
	2

	Parametriocnemus sp.
	GC
	5
	1
	
	16
	
	

	Rheocricotopus sp.
	GC
	6
	
	
	
	3
	1

	Tvetenia bavarica gr.
	GC
	5
	1
	1
	13
	
	

	Tvetenia vitracies gr.
	GC
	5
	
	
	
	
	1

	Conchapelopia sp.
	PR
	6
	1
	
	2
	2
	

	Nilotanypus sp.
	PR
	6
	
	1
	
	1
	

	Thienemannimyia sp.
	PR
	6
	1
	
	1
	
	1

	Clinocera sp.
	PR
	6
	
	
	1
	
	

	Hemerodromia sp.
	PR
	6
	
	1
	1
	2
	7

	Simulium sp.
	FC
	5
	
	1
	
	
	

	Tipulidae
	SH
	5
	
	
	1
	
	

	Dicranota sp.
	PR
	3
	2
	
	
	
	

	TOTAL
	
	
	97
	104
	98
	96
	99


1 Functional Feeding Group (FG) lists the primary feeding habit of each species and follows the abbreviations:  SH-Shredder; GC-Gathering Collector; FC-Filtering Collector; SC-Scraper; PR-Predator.

2Tolerance Value (TV) is an assigned value used in the calculation of the biotic index. Tolerance values range from 0 for organisms very intolerant of organic wastes to 10 for organisms very tolerant.

3 Reference station;  Located in the Ipswich River watershed and sampled 28 July 1999.

Table A2.  Species-level taxa list and counts, functional feeding groups (FG), and tolerance values (TV) for macroinvertebrates collected from rock basket samplers in stream sites during the 1994 Merrimack River watershed survey. Samplers were deployed 3 August 1994 and retrieved 16 September 1994. Stations were located at: Beaver Brook, downstream from Pleasant Street, Dracut, MA (MRI45-03); and Spicket River, downstream from General Street, Lawrence, MA (MRI51-03).

	Taxon
	FG1
	TV2
	MRI45-03
	MRI51-03

	Amnicola limosa
	SC
	5
	2
	

	Enchytraeidae
	GC
	10
	
	29

	Tubificidae (immature, without capilliform chaetae)
	GC
	10
	
	2

	Tubificidae (immature, with capilliform chaetae)
	GC
	10
	
	1

	Nais behningi
	GC
	6
	
	2

	Nais communis
	GC
	8
	
	2

	Pristina aequiseta
	GC
	8
	
	4

	Pristina leidyi
	GC
	8
	
	1

	Pristinella acuminata
	GC
	10
	
	1

	Pristinella jenkinae
	GC
	10
	
	87

	Pristinella osborni/sima
	GC
	10
	
	5

	Gammarus sp.
	GC
	6
	
	7

	Gammarus fasciatus
	GC
	6
	
	7

	Hydracarina
	PR
	6
	2
	

	Baetidae
	GC
	4
	1
	

	Acentrella sp.
	SC
	4
	2
	1

	Baetis sp.
	GC
	6
	1
	

	Acroneuria sp.
	PR
	0
	1
	

	Chimarra sp.
	FC
	3
	50
	

	Neureclipsis sp.
	FC
	4
	1
	

	Cheumatopsyche sp.
	FC
	7
	37
	2

	Hydropsyche morosa gr.
	FC
	6
	55
	3

	Macrostemum sp.
	FC
	4
	18
	

	Hydroptila sp.
	GC
	6
	4
	

	Simulium sp.
	FC
	4
	1
	

	Simulium vittatum
	FC
	9
	
	3

	Tanypodinae
	PR
	7
	1
	

	Diamesinae
	GC
	2
	
	1

	Potthastia longimana gr.
	GC
	7
	
	1

	Corynoneura sp.
	GC
	6
	2
	

	Cricotopus sp.
	GC
	7
	
	1

	Cricotopus/Orthocladius sp.
	GC
	7
	
	1

	Cricotopus bicinctus
	GC
	7
	1
	2

	Cricotopus tremulus gr.
	SH
	7
	
	14

	Cricotopus vierriensis
	SH
	7
	
	2

	Orthocladius sp.
	GC
	6
	
	1

	Parametriocnemus sp.
	GC
	4
	1
	

	Rheocricotopus sp.
	GC
	6
	
	1

	Thienemanniella sp.
	GC
	6
	
	1


Table A2.  Continued.
	Taxon
	FG1
	TV2
	MRI45-03
	MRI51-03

	Tvetenia vitracies gr.
	GC
	5
	1
	

	Polypedilum sp.
	SH
	6
	
	1

	Polypedilum convictum
	SH
	5
	4
	10

	Rheotanytarsus exiguus gr.
	FC
	6
	1
	10

	Tanytarsus sp.
	FC
	7
	
	1

	Hemerodromia sp.
	PR
	6
	
	2

	TOTAL
	
	
	187
	206

	HBI based on 1994 tolerance values
	
	
	5.09
	8.61

	HBI based on current tolerance values
	
	
	4.88
	8.54


 1 Functional Feeding Group (FG) lists the primary feeding habit of each species and follows the abbreviations:  

 SH-Shredder; GC-Gathering Collector; FC-Filtering Collector; SC-Scraper; PR-Predator.

 2Tolerance Value (TV) is an assigned value used in the calculation of the biotic index. Tolerance values range 

 from 0 for organisms very intolerant of organic wastes to 10 for organisms very tolerant. Tolerance values   


 listed here are based on 1994 assignments; Tolerance values have been revised since 1994 for some taxa.

Table A3.  Summary of RBP III data analyses for macroinvertebrate communities sampled during the Merrimack River watershed survey between 20 July and 28 July 1999. Shown are the calculated metric values, metric scores (in italics) based on comparability to the reference station (FB00), and the corresponding assessment designation for each biomonitoring station. Refer to Table 1 for a complete listing and description of sampling stations.

	STATION #
	FB00
	CB01
	BB01
	SB02
	SR01

	STREAM
	Fish Brook
	Cobbler Brook
	Beaver Brook
	Stony Brook
	Spicket River

	HABITAT SCORE
	158
	165
	136
	145
	115

	TAXA RICHNESS
	29
	6
	21
	4
	24
	6
	23
	4
	26
	6

	BIOTIC INDEX
	4.81
	6
	5.35
	6
	5.26
	6
	5.69
	4
	5.92
	4

	EPT INDEX
	8
	6
	4
	0
	10
	6
	10
	6
	7
	6

	EPT/CHIRONOMIDAE
	0.70
	6
	1.31
	6
	4.13
	6
	9.88
	6
	1.18
	6

	SCRAPERS/FILTERERS
	1.50
	6
	0.17
	0
	0.11
	0
	0.06
	0
	0.07
	0

	COMMUNITY SIMILARITY (RSA)
	100%
	6
	42%
	2
	42%
	2
	22%
	0
	68%
	6

	% DOMINANT TAXON
	34%
	2
	30%
	4
	34%
	2
	51%
	0
	20%
	4

	TOTAL METRIC SCORE
	38
	22
	28
	20
	32

	% COMPARABILITY TO REFERENCE STATION
	100%
	58%
	74%
	53%
	84%

	BIOLOGICAL CONDITION-DEGREE IMPAIRMENT
	REFERENCE
	SLIGHTLY IMPACTED
	SLIGHTLY IMPACTED
	SLIGHTLY IMPACTED
	NON-IMPACTED


Table A4.  Habitat assessment summary for macroinvertebrate biomonitoring stations sampled during the 1999 Merrimack River watershed survey. For primary parameters, scores ranging from 16-20 = optimal; 11-15 = suboptimal; 6-10 = marginal; 0-5 = poor. For secondary parameters, scores ranging from 9-10 = optimal; 6-8 = suboptimal; 3-5 = marginal; 0-2 = poor. Refer to Table 1 for a complete listing and description of sampling stations.

	STATION
	FB00
	CB01
	BB01
	SB02
	SR01

	PRIMARY PARAMETERS (range is 0-20)

	INSTREAM COVER
	15
	14
	18
	14
	8

	EPIFAUNAL SUBSTRATE
	13
	19
	10
	16
	18

	EMBEDDEDNESS
	15
	18
	16
	13
	16

	CHANNEL ALTERATION
	16
	20
	16
	15
	9

	SEDIMENT DEPOSITION
	15
	18
	6
	6
	16

	VELOCITY-DEPTH COMBINATIONS
	10
	14
	15
	14
	9

	CHANNEL FLOW STATUS
	16
	8
	8
	9
	10

	SECONDARY PARAMETERS (range is 0-10 for each bank)
	

	BANK VEGETATIVE PROTECTION
	10

10
	9

10
	7

10
	10

10
	8

2

	BANK STABILITY
	10

8
	8

8
	7

8
	9

9
	6

10

	RIPARIAN VEGETATIVE  ZONE  WIDTH
	10

10
	9

10
	7

8
	10

10
	3

0

	TOTAL SCORE
	158
	165
	136
	145
	115

	%COMPARABILITY TO REFERENCE (FB00)
	100%
	>100%
	86%
	92%
	73%


APPENDIX D – SUMMARY OF NPDES and WMA PERMITTING INFORMATION, MERRIMACK RIVER BASIN

Table D1.  Merrimack River Basin Municipal Surface Wastewater Discharges.  

	Permitee
	NPDES #
	Issuance
	Flow

(MGD)
	Treatment
	Special

Conditions
	Dilution

Factor*
	Special Notes

	Amesbury WWTP, Amesbury
	MA0101745
	1998
	1.9
	2ndry
	IPP
	Tidal
	#001 treated sanitary and industrial wastewater, to Merrimack River

	Andover WTP, Andover
	MAG640058
	8/30/01
	0.8
	WTP
	
	
	to Haggetts Pond

	Great Lawrence SD, N. Andover
	MA0100447
	02/26/98
	52
	2ndry
	CSO/IPP
	13:1
	#001 treatment plant effluent to Merrimack River

	Haverhill WPCF, Haverhill
	MA0101621
	1997
	18.1
	2ndry
	CSO/IPP
	35:1
	#001 treatment plant effluent to Merrimack and Little Rivers

	Lowell Reg. WW Utility, Lowell
	MA0100633
	08/14/97
	32
	2ndry
	CSO/IPP
	20:1
	#035 treatment plant effluent to Merrimack River and Concord River

	Merrimack WWTF, Merrimack
	MA0101150
	08/14/97
	0.45
	2ndry
	
	Tidal
	#001 treated sanitary and industrial wastewater to Merrimack River

	Merrimack WTF, Merrimack
	MAG640030
	10/10/01
	0.11
	WTP
	
	
	#001 filter backwash to unnamed swamp bordering Lake Attitash

	Town of Methuen
	MA0102971
	
	
	
	
	
	permit inactive 4/27/99

	Newburyport WPCF, Newburyport
	MA0101427
	09/17/98
	3.4
	2ndry
	IPP
	Tidal
	to Merrimack River

	Salisbury WWTF, Salisbury
	MA0102873
	10/02/97
	1.3
	AWT
	Fecal = 50
	Tidal
	#001 effluent to Merrimack River

	Amesbury WTP, Amesbury
	MA0102822
	1985
	
	
	
	
	#001 and #002 to Powwow River

	Lowell WTP, Lowell
	MA0005452
	
	
	
	
	
	

	Salisbury WTP, Salisbury
	MA0025038
	1975
	
	
	
	
	sewer discharge to Blacks Rock Creek

	water treatment plants
	
	
	
	
	
	

	Newburyport WTP, Newburyport
	MAG640018
	8/29/01
	0.171
	WTP
	
	
	to Merrimack River

	Tewksbury WTP, Tewksbury
	MAG640036
	6/27/96
	
	WTP
	
	
	to Merrimack River

	Spectacle Pond WTF, Littleton
	MAG640002
	10/27/95
	
	WTP
	
	
	to Spectacle Pond


2ndry = secondary treatment

AWT = advanced waste treatment 
CSO = combined sewer overflows

IPP = industrial pretreatment program

* 7Q10 value at Lowell USGS gage is 941 cfs; dilution based upon this gage reading

WTP = water treatment plant

[Note:  North Andover applied for an NPDES permit (MA0103217) in 1990 to discharge emergency overflow to Lake Cochichewick.]

Table D2.  Merrimack River Basin Industrial Treatment Plants. [Note: All general NPDES permits (MAG######) have a flow limit of 1.0 MGD.  Volumes in the permitted flow (MGD) column for these facilities were taken from their NPDES general permit applications.]
	Permitee
	NPDES #
	Issuance
	Flow

(MGD)
	Types of Discharge
	Receiving Water

	AEP Industries, North Andover
	MA0035432
	9/30/97
	
	#001 contact, nccw, and stormwater
	ceased operations 3/31/1999

to Merrimack River

	Boott Hydropower, Eldred L. Hydroelectric, Lowell
	MAG250163
	9/26/00
	0.6
	nccw
	to Merrimack River

	Boott Hydropower, Hamilton Power Station, Lowell
	MAG250950
	9/26/00
	0.00144
	nccw
	to Merrimack River (Hamilton Canal)

	Boott Hydropower, John Street Power Station, Lowell
	MAG250949
	9/26/00
	0.006
	nccw
	Merrimack River (Merrimack Canal)

	Boott Hydropower, Lawrence Hydroelectric, Lawrence
	MAG250948
	09/26/00
	0.9
	nccw
	to Merrimack River

	Browning-Ferris Industries, Inc
	MA0030066
	9/26/97
	
	treated storm water runoff from their refuse hauling truck refueling, cleaning and storage area via six outfalls (# 001, 002, 003, 004, 006, and 007) 
	to Deep Brook

	Courier Westford, Inc. Westford
	MAG250724
	5/1/97
	
	nccw
	to Stony Brook

	Ferraz Shawmut Inc. (formerly Gould Electronics), Newburyport
	MA0000281
	9/18/97
	0.06
	#001 treated process and nccw
	to Merrimack River

	Ferrous Technologies, Inc, Lawrence
	MAG250015
	2/6/98
	0.015
	nccw
	to canal along Merrimack River

	Fletcher Granite Co., Westford
	MA0020231
	09/30/97
	
	#001 overflow water from supply pond, #003 0.05 MGD from the cutting mill (wastewater contains fine stone dust) into a settling lagoon that overflows 
	to Gilson Brook to Stony Brook

	Gencorp, Inc, Lawrence
	MA0003824
	7/23/92
	
	site water from their property
	to Spicket River 

	Haverhill Paperboard Corp., Haverhill
	MAG250961
	09/08/00
	2.6
	nccw
	to Merrimack River

	Lowell Cogeneration LTD, Lowell
	MA0031071
	08/11/87
	0.115
	#001combined cooling tower blowdown, boiler blowdown, and demineralizer water #002 stormwater runoff, building floor drains, equipment drains and intermittent boiler blowdown 
	to Pawtucket Canal to Merrimack River

	Lowell National Historic Park, Lowell
	MAG250732
	11/21/00
	0.36
	nccw
	Merrimack River (Eastern Canal)

	Lucent Technologies, Inc., Haverhill
	MA0001261
	03/92
	001A - 1.3

001B - 0.3

001C - 0.11

001D - 0.4

001E – 360 (GPM)
	001A - treated wastewater from electroplating 001B -treated sanitary wastewater,001C nccw, ultrasonic cleaning water and well water used for backwash, 

001D deionized water,

001E treated (remediation) ground water 
	to Merrimack River

	Mill Pond Ground Water Intercept System, Groveland
	MA0102661
	04/11/83
	#001 (0.5), #002 (0.35)
	ground water remediation #001 and #002
	Johnson Creek and Brindle Brook

	Newark Atlantic Paperboard, Lawrence
	MAG250813
	6/22/01
	0.215
	nccw
	to Merrimack River

	Sweetheart Cup Company, North Andover
	MAG250012
	04/01
	0.015 MGD
	nccw
	unnamed tributary to Merrimack River

	Veryfine Products, Inc., Littleton
	MA0004936
	03/22/00
	0.75
	#001 effluent
	to Reedy Meadow Brook

	Westford Anodizing, Graniteville
	MA0024414
	09/90
	0.03
	#001 treated process wastewater
	To Stony Brook


ccw = contact cooling water
nccw = non-contact cooling water 

Table D3.  List of WMA registered and permitted average annual water withdrawals in the Merrimack River Basin (LeVangie, D. 2001.  Water Management Act Database.  Massachussetts Department of Environmental Protection, Bureau of Resource Protection, Database Manager.  Boston, MA.).

	Permit
	Registration
	PWSID
	System Name
	Registered

Volume

 (MGD)
	20 Year Permitted Volume (MGD)
	Source
	G or S
	Well/Source Name
	Withdrawal

location

	9P221303701
	 
	 
	Cisco Development Partners-NEDC,LLC
	 
	0.14
	 
	G
	BW #3
	Boxborough

	9P221303701
	 
	 
	Cisco Development Partners-NEDC,LLC
	 
	0.14
	 
	G
	BW #6
	Boxborough

	9P221303701
	 
	 
	Cisco Development Partners-NEDC,LLC
	 
	0.14
	 
	G
	BW #4
	Boxborough

	9P221303701
	 
	 
	Cisco Development Partners-NEDC,LLC
	 
	0.14
	 
	G
	BW#2
	Boxborough

	9P221303701
	 
	 
	Cisco Development Partners-NEDC,LLC
	 
	0.14
	 
	G
	BW #1
	Boxborough

	9P221303701
	 
	 
	Cisco Development Partners-NEDC,LLC
	 
	0.14
	 
	G
	BW #5
	Boxborough

	9P231303801
	 
	 
	Far Corners Farm Golf Course, Inc.*
	 
	0.23
	 
	S
	Unnamed Pond
	Boxford

	9P231303801
	 
	 
	Far Corners Farm Golf Course, Inc.*
	 
	0.23
	3038012-02G
	G
	Well #5 (Potable)
	Boxford

	9P231303801
	 
	 
	Far Corners Farm Golf Course, Inc.*
	 
	0.23
	3038012-01G
	G
	Well #4 (Potable)
	Boxford

	9P231303801
	 
	 
	Far Corners Farm Golf Course, Inc.*
	 
	0.23
	 
	G
	Irrigation Well #2
	Boxford

	9P231303801
	 
	 
	Far Corners Farm Golf Course, Inc.*
	 
	0.23
	 
	G
	Irrigation Well #3
	Boxford

	9P231303801
	 
	 
	Far Corners Farm Golf Course, Inc.*
	 
	0.23
	 
	G
	Irrigation Well #1
	Boxford

	9P31314901
	 
	 
	Malden Mills Industries, Inc.
	 
	3.33
	 
	S
	Stevens Pond
	Lawrence

	9P31329501
	 
	3295000
	Tewksbury Water Department
	 
	3.17
	295-01s
	S
	Merrimack Riv. Trtmt. Plt
	Tewksbury

	9P231332401
	 
	3324000
	West Newbury Water Department
	 
	0.16
	324-01G
	G
	Wellfield #1
	West Newbury

	9P31316001
	 
	 
	Western Avenue Dyers, LP
	 
	1.93
	 
	S
	Pawtucket Canal
	Lowell

	 
	21301901
	2019000
	Ayer DPW-Water Division
	0.66
	0
	019-04G
	G
	Spectacle Pond Well #4
	Ayer

	 
	21301901
	2019000
	Ayer DPW-Water Division
	0.66
	0
	019-03G
	G
	Spectacle Pond Well #3
	Ayer

	9P21311501
	21311501
	2115000
	Groton Water Department
	0.22
	0.33
	115-03G
	G
	Whitney Well
	Groton

	9P21311501
	21311501
	2115000
	Groton Water Department
	0.22
	0.33
	115-01G
	G
	Shattuck Well
	Groton

	9P21311501
	21311501
	2115000
	Groton Water Department
	0.22
	0.33
	 
	G
	Baddacook Well
	Groton

	9P21315801
	21315801
	 
	Veryfine Products, Inc.
	0.22
	0.22
	 
	G
	Process Well #2
	Littleton

	9P21315801
	21315801
	 
	Veryfine Products, Inc.
	0.22
	0.22
	 
	G
	Process Well #1
	Littleton


*indicates permitted withdrawal for less than 365 days, ** indicates registered withdrawal for less than 365 days, G – ground water, S – surface water

Table D3.  Continued.  List of WMA registered and permitted average annual water withdrawals in the Merrimack River Basin (LeVangie 2001).
	Permit
	Registration
	PWSID
	System Name
	Registered

Volume

 (MGD)
	20 Year Permitted Volume (MGD)
	Source
	G or S
	Well/Source Name
	Withdrawal

location

	 
	21315802
	 
	Aggregate Materials Corporation
	1.58
	0
	 
	S
	Settling Pond-Aggregate
	Littleton

	 
	21315802
	 
	Aggregate Materials Corporation
	1.58
	0
	 
	G
	Well 6-LoneStar/San Vel
	Littleton

	 
	21315802
	 
	Aggregate Materials Corporation
	1.58
	0
	 
	G
	Well 5-Lone Star/San Vel
	Littleton

	 
	21315802
	 
	Aggregate Materials Corporation
	1.58
	0
	 
	G
	Well 4-Lone Star/San Vel
	Littleton

	 
	21315802
	 
	Aggregate Materials Corporation
	1.58
	0
	 
	S
	Settling Plant-Crusher
	Littleton

	 
	21315802
	 
	Aggregate Materials Corporation
	1.58
	0
	 
	G
	Well 7-Lone Star/San Vel
	Littleton

	 
	21315802
	 
	Aggregate Materials Corporation
	1.58
	0
	 
	G
	Well 3-Lone Star/San Vel
	Littleton

	9P21315802
	21315803
	2158000
	Littleton Water Department
	0.84
	0.63
	158-01G
	G
	Tubular wellfield
	Littleton

	9P21315802
	21315803
	2158000
	Littleton Water Department
	0.84
	0.63
	158-02G
	G
	Gravel Packed Well #1
	Littleton

	9P21315802
	21315803
	2158000
	Littleton Water Department
	0.84
	0.63
	158-04G
	G
	Gravel Packed Well #5
	Littleton

	9P21315802
	21315803
	2158000
	Littleton Water Department
	0.84
	0.63
	158-03G
	G
	Gravel Packed Well #2
	Littleton

	 
	21330101
	 
	Vesper Country Club
	0.23
	0
	 
	G
	Well #2
	Tyngsborough

	 
	21330101
	 
	Vesper Country Club
	0.23
	0
	 
	S
	River Intake
	Tyngsborough

	 
	21330101
	 
	Vesper Country Club
	0.23
	0
	 
	G
	Well #1
	Tyngsborough

	 
	21330101
	 
	Vesper Country Club
	0.23
	0
	 
	G
	Well #3
	Tyngsborough

	9P21333001
	21333001
	2330000
	Westford Water Department
	1.18
	0.69
	330-06G
	G
	Howard Road Well
	Westford

	9P21333001
	21333001
	2330000
	Westford Water Department
	1.18
	0.69
	330-02G
	G
	Nutting Road Well
	Westford

	9P21333001
	21333001
	2330000
	Westford Water Department
	1.18
	0.69
	330-04G
	G
	Country Road Well
	Westford

	9P21333001
	21333001
	2330000
	Westford Water Department
	1.18
	0.69
	330-01G
	G
	Forge Village Well #1
	Westford

	9P21333001
	21333001
	2330000
	Westford Water Department
	1.18
	0.69
	 
	G
	Fletcher Well
	Westford

	9P21333001
	21333001
	2330000
	Westford Water Department
	1.18
	0.69
	330-03G
	G
	Depot Road Well
	Westford

	9P21333001
	21333001
	2330000
	Westford Water Department
	1.18
	0.69
	330-05G
	G
	Forge Village Well #2
	Westford

	9P21333001
	21333001
	2330000
	Westford Water Department
	1.18
	0.69
	330-07G
	G
	Cote Well
	Westford

	 
	31300701
	3007000
	Amesbury Water Treatment Facility
	1.23
	0
	007-01G
	G
	Well #1
	Amesbury

	 
	31300701
	3007000
	Amesbury Water Treatment Facility
	1.23
	0
	007-02G
	G
	Well #2
	Amesbury

	 
	31300701
	3007000
	Amesbury Water Treatment Facility
	1.23
	0
	007-01S
	S
	Powwow River
	Amesbury

	9P31300901
	31300901
	3009000
	Andover Water Treatment
	4.56
	3.95
	009-01S
	S
	Haggetts Pond
	Andover

	9P31300901
	31300901
	3009000
	Andover Water Treatment
	4.56
	3.95
	009-02S
	S
	Merrimack R. at Fish Bk.
	Andover


*indicates permitted withdrawal for less than 365 days, ** indicates registered withdrawal for less than 365 days, G – ground water, S – surface water 

Table D3.  Continued.  List of WMA registered and permitted average annual water withdrawals in the Merrimack River Basin (LeVangie 2001).
	Permit
	Registration
	PWSID
	System Name
	Registered

Volume

 (MGD)
	20 Year Permitted Volume (MGD)
	Source
	G or S
	Well/Source Name
	Withdrawal

location

	 
	31303801
	 
	Stanwood Morss**
	0.11
	0
	 
	S
	Surface Water
	Boxford

	 
	31303801
	 
	Stanwood Morss**
	0.11
	0
	 
	S
	Surface Water
	Boxford

	 
	31303801
	 
	Stanwood Morss**
	0.11
	0
	 
	S
	Surface Water
	Boxford

	 
	31303801
	 
	Stanwood Morss**
	0.11
	0
	 
	G
	Well
	Boxford

	 
	31305601
	 
	Laughton Garden Center, Inc.**
	0.07
	0
	 
	G
	WELL #2
	North Chelmsford

	 
	31305601
	 
	Laughton Garden Center, Inc.**
	0.07
	0
	 
	G
	WELL #1
	North Chelmsford

	 
	31305601
	 
	Laughton Garden Center, Inc.**
	0.07
	0
	 
	S
	Irrigation Pond
	Westford

	 
	31305602
	3056002
	North Chelmsford Water District
	0.94
	0
	056A03G
	G
	Gravel Pack Well #3
	North Chelmsford

	 
	31305602
	3056002
	North Chelmsford Water District
	0.94
	0
	056-04G
	G
	Gravel Packed Well #4
	North Chelmsford

	 
	31305602
	3056002
	North Chelmsford Water District
	0.94
	0
	056A02G
	G
	Gravel Pack Well #2
	North Chelmsford

	 
	31305602
	3056002
	North Chelmsford Water District
	0.94
	0
	056A01G
	G
	Gravel Pack Well #1
	North Chelmsford

	 
	31305603
	3056000
	Chelmsford Water District
	1.73
	0
	056-03G
	S
	Jordan Road
	Chelmsford

	 
	31305603
	3056000
	Chelmsford Water District
	1.73
	0
	056-12G
	G
	Meadowbrook Rd Well #1
	Chelmsford

	 
	31305603
	3056000
	Chelmsford Water District
	1.73
	0
	056-14G
	G
	Smith Street Well #2
	Chelmsford

	 
	31305603
	3056000
	Chelmsford Water District
	1.73
	0
	056-08G
	G
	Crooked Spring Well 2
	Chelmsford

	 
	31305603
	3056000
	Chelmsford Water District
	1.73
	0
	056-06G
	G
	Crooked Spring Well 1
	Chelmsford

	 
	31305603
	3056000
	Chelmsford Water District
	1.73
	0
	056-10G
	G
	Meadowbrook Rd Well #2
	Chelmsford

	 
	31305603
	3056000
	Chelmsford Water District
	1.73
	0
	056-07G
	G
	Smith Street Well #1
	Chelmsford

	 
	31307901
	 
	P J Keating Company
	0.58
	0
	 
	S
	Merrimack Intake
	Dracut

	 9P231307901
	31307902
	3079000
	Dracut Water District
	0.79
	1.37
	079-03G
	G
	New Boston Well #1
	Dracut

	 9P231307901
	31307902
	3079000
	Dracut Water District
	0.79
	1.37
	079-02G
	G
	New Boston Well #2
	Dracut

	 9P231307901
	31307902
	3079000
	Dracut Water District
	0.79
	1.37
	079-04G
	G
	Tyngsborough (Frost Road) Well Field
	Tyngsborough

	 9P231307901
	31307902
	3079000
	Dracut Water District
	0.79
	1.37
	079-05G
	G
	Tyngsborough (Frost Road) Well Field
	Tyngsborough

	 9P231307901
	31307902
	3079000
	Dracut Water District
	0.79
	1.37
	079-06G
	G
	Tyngsborough (Frost Road) Well Field
	Tyngsborough

	 9P231307901
	31307902
	3079000
	Dracut Water District
	0.79
	1.37
	079-07G
	G
	Tyngsborough (Frost Road) Well Field
	Tyngsborough

	 9P231307901
	31307902
	3079000
	Dracut Water District
	0.79
	1.37
	079-08G
	G
	Tyngsborough (Frost Road) Well Field
	Tyngsborough


*indicates permitted withdrawal for less than 365 days, ** indicates registered withdrawal for less than 365 days, G – ground water, S – surface water

Table D3.  Continued.  List of WMA registered and permitted average annual water withdrawals in the Merrimack River Basin (LeVangie 2001).
	Permit
	Registration
	PWSID
	System Name
	Registered

Volume

 (MGD)
	20 Year Permitted Volume (MGD)
	Source
	G or S
	Well/Source Name
	Withdrawal

location

	9P231311601
	31311601
	3116000
	Groveland Water Department
	0.41
	0
	3116000-01G
	G
	Well #1
	Groveland

	9P231311601
	31311601
	3116000
	Groveland Water Department
	0.41
	0
	3116000-04G
	G
	Well #4
	Groveland

	9P231311601
	31311601
	3116000
	Groveland Water Department
	0.41
	0
	 
	G
	GPW #3
	Groveland

	 
	31312802
	3128000
	Haverhill Water Department
	6.06
	0
	128-03S
	S
	Crystal Lake
	Haverhill

	 
	31312802
	3128000
	Haverhill Water Department
	6.06
	0
	128-01S
	S
	Kenoza Lake
	Haverhill

	 
	31312802
	3128000
	Haverhill Water Department
	6.06
	0
	128-05S
	S
	Millvale Reservoir
	Haverhill

	 
	31312803
	 
	Haverhill Paperboard Corporation
	2.23
	0
	 
	S
	Merrimack River
	Haverhill

	 
	31312804
	 
	Bradford Country Club**
	0.06
	0
	 
	G
	Well #4
	Haverhill

	 
	31312804
	 
	Bradford Country Club**
	0.06
	0
	 
	S
	Peabody Brook
	Haverhill

	 
	31312805
	 
	Spring Hill Farm Dairy Inc.
	0.06
	0
	 
	S
	river intake
	Haverhill

	 
	31314901
	 
	Newark Atlantic Paperboard Corp
	0.56
	0
	 
	S
	North Canal Intake
	Lawrence

	 
	31314902
	3149000
	Lawrence Water Works
	9.46
	0
	149-01S
	S
	Merrimack River
	Lawrence

	 
	31314903
	 
	Merrimack Paper Company, Inc.
	0.55
	0
	 
	S
	Merrimack River
	Lawrence

	 
	31314903
	 
	Merrimack Paper Company, Inc.
	0.55
	0
	 
	S
	Essex Co. South Canal
	Lawrence

	 
	31314904
	 
	Ogden Martin Systems of Haverhill
	10.25
	0
	 
	S
	Stevens Pond
	Lawrence

	9P231316003
	31316001
	3160000
	Lowell Water Treatment Facility
	13.84
	5.18
	 
	S
	Merrimack River
	Lowell

	 
	31318001
	3180000
	Merrimack Water Department
	0.36
	0
	180-01G
	G
	East Main Street Well
	Merrimack

	 
	31318001
	3180000
	Merrimack Water Department
	0.36
	0
	180-02G
	G
	Sargent Wellfield
	Merrimack

	 
	31318101
	3181000
	Methuen Water Department
	4.59
	0
	01S
	S
	Merrimack River
	Methuen

	 
	31318102
	 
	Hickory Hill Golf Course, Inc.**
	0.07
	0
	 
	S
	River Intake
	Methuen

	 
	31318102
	 
	Hickory Hill Golf Course, Inc.**
	0.07
	0
	 
	G
	Well #1
	Methuen

	9P31320601
	31320601
	3206000
	Newburyport Water Department
	2.2
	0.29
	206-02G
	G
	Well #2
	Newburyport

	9P31320601
	31320601
	3206000
	Newburyport Water Department
	2.2
	0.29
	206-01S
	S
	Artichoke Reservoir
	Newburyport

	9P31320601
	31320601
	3206000
	Newburyport Water Department
	2.2
	0.29
	206-01G
	G
	Well #1
	Newburyport

	9P31320601
	31320601
	3206000
	Newburyport Water Department
	2.2
	0.29
	 
	S
	Bartlett Spring Pond
	Newburyport

	9P31320601
	31320601
	3206000
	Newburyport Water Department
	2.2
	0.29
	No ID#
	S
	Indian Hill Reservoir
	West Newbury

	 
	31321001
	3210000
	North Andover Water Department
	2.66
	0
	210-02S
	S
	Lake Cochichewick
	North Andover


*indicates permitted withdrawal for less than 365 days, ** indicates registered withdrawal for less than 365 days, G – ground water, S – surface water



 Table D3.  Continued.  List of WMA registered and permitted average annual water withdrawals in the Merrimack River Basin (LeVangie 2001).
	Permit
	Registration
	PWSID
	System Name
	Registered

Volume

 (MGD)
	20 Year Permitted Volume (MGD)
	Source
	G or S
	Well/Source Name
	Withdrawal

location

	9P31321001
	31321002
	 
	Lucent Technologies, Inc.
	0.38
	0.29
	 
	G
	Well #5
	North Andover

	9P31321001
	31321002
	 
	Lucent Technologies, Inc.
	0.38
	0.29
	 
	G
	Well #4
	North Andover

	9P31321001
	31321002
	 
	Lucent Technologies, Inc.
	0.38
	0.29
	 
	G
	Well #2
	North Andover

	9P31321001
	31321002
	 
	Lucent Technologies, Inc.
	0.38
	0.29
	 
	G
	Well #1
	North Andover

	9P31321001
	31321002
	 
	Lucent Technologies, Inc.
	0.38
	0.29
	 
	G
	Well #3
	North Andover

	 
	31325901
	3259000
	Salisbury Water Supply Company
	0.25
	0
	259-06G
	G
	Well #7
	Salisbury


*indicates permitted withdrawal for less than 365 days, ** indicates registered withdrawal for less than 365 days, G – ground water, S – surface water

APPENDIX E - DMF SHELLFISH DATA, Merrimack River Basin

It is the mission of the Division of Marine Fisheries (DMF) to manage, develop, and protect the Commonwealth's renewable living marine resources to provide the greatest public benefit.  DMF fosters protection of the marine environment by cooperating with other state and federal agencies on pollution abatement, coastal wetlands protection and other programs concerning coastal waters and marine life.  DMF monitors coastal contaminant levels in fish and shellfish, operates a shellfish depuration facility, and evaluates the impacts of coastal development on marine fish and their habitats. DMF provides assistance to local shellfish officers on matters affecting the management of shellfish, and provides expertise on

anadromous fish and construction assistance on fishways. Other DMF programs assist commercial and recreational fishermen and educate the public on marine resource issues and values.

The DMF Shellfish Management Program manages shellfish growing areas in compliance with the National Shellfish Sanitation Program (NSSP).  The NSSP is a federal/state cooperative program recognized by the U.S. Food and Drug Administration (FDA) and the Interstate Shellfish Sanitation Conference (ISSC).  One goal of this program is the sanitary control of shellfish harvested and sold for human consumption.  Growing areas are managed with respect to shellfish harvest for direct human consumption, and comprise at least one or more classification areas.  The classification areas are the management units, and range from being approved to prohibited (six different classification types in all) with respect to shellfish harvest (Table E1).

Table E1. DMF Shellfish Management Program Managed Shellfish Growing Area Classifications.

	Classification Type
	Definition

	Approved
	 Means a classification used to identify a growing area where harvest for direct marketing is allowed.  The area is shown to be free of bacterial contaminants under a variety of climatological and hydrographical situations (i.e. assumed adverse pollution conditions).  Average fecal coliform concentrations may not exceed 14 FC/100ml H20 and no more than 10% of the samples may not exceed a value of 28 FC/100ml H20. 

Open for harvest of shellfish for direct human consumption.



	Conditionally Approved
	Means a classification used to identify a growing which meets the criteria for the approved classification except under certain conditions described in a management plan.  This classification category may be assigned for growing areas subject to intermittent and predictable microbiological contamination that may be present due to operation of a sewage treatment plant, rainfall, and/or season.  Use of the conditionally approved classification is strictly a voluntary option due to the considerable investment in time and resources demanded by the NSSP to establish and maintain the classification.  The returns are worth the effort and costs only for growing areas with abundant shellfish assets.

During the time the area is approved, it is open for harvest of shellfish for direct human consumption subject to local rules and state regulations.



	Conditionally Restricted
	Means a classification used to identify a growing area that meets the criteria for the restricted classification except under certain conditions described in a management plan.  

During the time the area is restricted, it is only open for the harvest of shellfish with depuration subject to local rules and state regulations.




Table E1.  Continued.  DMF Shellfish Management Program Managed Shellfish Growing Area Classifications.

	Classification Type
	Definition

	Restricted
	Means a classification used to identify where harvesting shall be by special license and the shellstock, following harvest, is subject to a suitable and effective treatment process through relaying or depuration. Restricted growing areas are mildly or moderately contaminated only with bacteria.  Average fecal coliform concentrations may not exceed 88 FC/100ml H20 and no more than 10% of the samples not may exceed a value of 173 FC/100ml H20.       

Open for harvest of shellfish with depuration subject to local rules and state regulations for the relay of shellfish.



	Management Closure
	Closed for the harvest of shellfish. Not enough testing has been done in the area to determine whether it is fit for shellfish harvest or not.



	Prohibited
	Means a classification used to identify a growing area where the harvest of shellstock is not permitted.  Growing area waters are so badly contaminated that no reasonable amount of treatment will make the shellfish safe for human consumption.  Growing areas must also be classified as Prohibited if there is no or insufficient information available to make a classification decision.

Closed for the harvest of shellfish.




Classification area codes and town names identify each DMF shellfish area.  Table E2 is a summary of the DMF shellfish classification area codes and their classification type for the Merrimack River Basin as of October 2000.  Out of the 2948.402 acres of shellfish growing areas in the Merrimack River Basin, 179.403 acres were approved by DMF for shellfishing, while a total of 2,768.999 acres, were prohibited. 

Table E2.  DMF - Shellfish Project Classification Area Information as of October 2000 .
	Town
	Classification Area Code
	Classification Type
	Area (acres)

	Amesbury
	N2.0
	Prohibited
	37.285

	Newbury
	N2.0
	Prohibited
	194.671

	Newbury
	N3.0
	Approved
	163.992

	Newburyport
	N2.0
	Prohibited
	1401.925

	Newburyport
	N3.0
	Approved
	15.411

	Salisbury
	N1.0
	Prohibited
	116.703

	Salisbury
	N2.0
	Prohibited
	1018.415


The water quality evaluation is part of process known as the Sanitary Survey by which a classification is assigned.  Shellfish species, habitat location, relative abundance and related fisheries must be documented.  A shoreline survey is conducted to identify pollution sources and evaluate potential impacts.  Concomitantly, an understanding of hydrographic characteristics that may influence contaminant distribution and removal over the growing area.  Supplementary analysis may be required for naturally occurring pathogens (i.e. Vibrio spp.), marine biotoxins (i.e. Paralytic Shellfish Poisoning) as well as hazardous wastes in growing areas with a known history of contamination by these harmful substances.

Sanitary surveys are repeated at least every twelve years for growing areas classified other than Prohibited.  Survey information is kept current as well as updated through annual and triennial reports and classifications maintained with extensive monitoring.  A growing area classification may be downgraded and management plans amended based on the findings of annual and triennial reviews.  Classification upgrades can only be made based on the findings of a fully sanitary survey.  

APPENDIX F - DEP GRANT AND LOAN PROGRAMS  
Excerpted from DEP/DWM World Wide Web site http://www.state.ma.us/dep/brp/wm/wmpubs.htm#other. ‘Grant and Loan Programs - Opportunities for Watershed Planning and Implementation’ and projects specific to the Merrimack River Basin.  
104(b)(3) WETLANDS AND WATER QUALITY GRANT PROGRAM

This Grant Program is authorized under Wetlands and Clean Water Act Section 104(b)(3) of the federal Clean Water Act. The Water Quality proposals received by DEP under this National Environmental Performance Partnership Agreement (NEPPA) with the U.S. Environmental Protection Agency is a results oriented approach that will focus attention on environmental protection goals and the efforts to achieve them. The goals of the NEPPA are to: 1) achieve clean air, 2) achieve clean water, 3) protect wetlands, 4) reduce waste generation, and 5) clean up waste sites.

· 93-05/104- Microbiological Quality of the Merrimack River.   Microbiological contamination of the Merrimack River associated with municipal wastewater effluent discharges and combined sewer overflows is a concern in this watershed.  This research project will help to answer this question and to study the impact of seasonal disinfection or nondisinfection of wastewater effluents on microbiological water quality in the river.  (Microbiological data is presented in Appendix G of this report. )
· 98-04/104 Prioritizing Stormwater Enforcement Efforts; A Multi-Watershed Study. Stormwater is believed to be the most significant cause of water quality standard violations.  In this study, stormwater will be sampled and analyzed for Fecal coliform and total coliform as well as four other indicators (E.coli, enterococci, clostridium perfringenes, and coliphages) in three watersheds; Charles, Merrimack, and Neponset.  The four indicators will be used to confirm that the source of high fecal coliform levels is not plant or soil related.
319 NONPOINT SOURCE GRANT PROGRAM

This grant program is authorized under Section 319 of the CWA for implementation projects that address the prevention, control, and abatement of nonpoint source (NPS) pollution. In order to be considered eligible for funding projects must: implement measures that address the prevention, control, and abatement of NPS pollution; target the major source(s) of nonpoint source pollution within a  watershed/subwatershed; have a 40 percent non-federal match of the total project cost (match funds must meet the same eligibility criteria as the federal funds); contain an appropriate method for evaluating the project results; address activities that are identified in the Massachusetts NPS Management Program Plan.

· 96-05/319 Spicket River Watershed Revitalization. The goal of this project is to use the watershed approach to decrease non-point in an ultra-urban area. An extensive cleanup, education and outreach program will be conducted by a variety of public and private groups. In addition, the project will demonstrate an innovative best management (BMP) for use in ultra-urban areas. 

· 01-20/319 Lake Attitash Stormwater Treatment Program.  The project will design and implement stormwater treatment devices at three stormwater outfalls in the Lake Shore Drive drainage area that directly discharges into the lake.    In addition, the project will include pre- and post-implementation water quality monitoring, and the prioritization of additional storm water discharges for treatment.

MASSACHSUETTS WATERSHED INITIATIVE PROJECT

· 99-04/MWI Implementation of Municipal and Business Outreach Strategy. This project will continue work begun in 1998 to reach out to the municipalities and to business in the Merrimack River Basin and develop an awareness and involvement by building partnerships.
SOURCE WATER AND TECHNICAL ASSISTANCE/LAND MANAGEMENT GRANT PROGRAM

The Source Water Protection Technical Assistance/Land Management Grant Program provides funds tothird party technical assistance organizations that assist public water suppliers in protecting local and regional ground and surface drinking water supplies.

· 99-03/SWT Lake Cochichewick Source Water Protection Project. This project will prioritize Lake Cochichewick watershed lands for acquisition, protection and control; improve municipal stormwater management; enhance local emergency response to chemical spills; and, educate watershed residents, business, and other about BMPs to protect the lake’s water quality from further degradation.
· 99-12/SWT Haverhill Watershed Management Plan Implementation. This project will assist with implementation of Haverhill’s new Watershed Protection Plan. Implementation will incorporate a recent analysis of current and potential threats to the water supply.
· 00-01/SWT Lake Cochichewick Source Water Protection Project-Phase II. This project will develop a comprehensive Hazardous Materials Response Plan for the Lake Cochichewick watershed. The Lake is bordered by an airport and several busy roads, leaving the town’s water supply vulnerable to pollution from accidental spills. An effective response plan will significantly improve the Town of North Andover’s capability to prepare for and respond to emergencies in a timely and coordinated manner. 
· 00-02/SWT Powow River Source Water Protection Project. This project will develop a comprehensive Surface Water Supply Protection Plan for the Powwow River Watershed; educate residents, public officials, stakeholders; update the Emergency Response Plan; conduct two emergency drills; establish a multi-town committee; and prioritize watershed land for acquisition or preservation.
· 00-08/SWT Millvale Reservoir Source Water Protection Project. This project will develop an Emergency Response Plan, a Forest Management Plan for the Millvale Reservoir area, a septic system regulation ready for local adoption, a multi-town cooperative agreement, and a Land Management Manual for the City of Haverhill’s Millvale watershed. The Millvale Reservoir supplies two-thirds of the City’s drinking water needs.
WELLHEAD PROTECTION GRANT PROGRAM

The Wellhead Protection Grant Program provides funds to assist public water suppliers in addressing wellhead protection through local projects and education.

· 00-02/WHP Ayer Wellhead Protection Project. This project will develop a comprehensive Wellhead Protection Plan for the Town of Ayer. The project will also identify and map the existing and potential threats to the Grove Pond and Spectacle Pond Wells, create an industrial hazardous materials map, install wellhead protection signs at two well sites, replace gates to protect the Grove Pond wells, and update the town’s emergency water supply plan
· 00-08/WHP West Newbury Wellhead Protection Project. This project will construct a new storage facility for water treatment chemicals currently located in the Zone 1 of the Town of West Newbury’s wellfield. The present system is inadequate, unsafe for employees, and a potential threat to Artichoke Reservoir, within the Zone 1. KOH, loaded in 55 gallon barrels, currently is brought into an undersized storage building by hand. A rupture could release chemicals directly into the reservoir. Relocating and upgrading the storage facility will ensure that liquid chemicals cannot contaminate the nearby wells in the event of a spill.
COASTAL POLLUTANT REMEDIATION PROGRAM 
The Coastal Pollutant Remediation Program provides funds to help identify and clean up sources of road runoff and other stormwater pollution to important coastal areas, such as swimming beaches and shellfish beds. Massachusetts Coastal Zone Management administers the funds.

· In 1998 the Town of Salisbury was awarded $62,600 for the installation of a stormwater treatment system to help improve water quality in the Merrimack River

CLEAN WATER STATE REVOLVING LOAN FUND (SRF) PROGRAM

LOWELL WWTF Wet Weather Flow Modification
The project consists of improvements to existing processes and physical equipment to increase the capacity and reliability of wet weather treatment at the WWTP, from about 90 mgd to potentially as high as 110 mgd. and will allow the city to maximize the treatment potential at its existing facility, which will ultimately reduce combine sewer overflow discharges to the Merrimack river and its tributaries. The project will take 3 years to complete.

NEWBURYPORT 
Plum Island WW Improvements

The objective of the project is to construct a wastewater collection system to eliminate subsurface disposal systems from the Plum Island and the inherent 
pollution of the freshwater lens used for drinking water, local beaches and numerous environmentally sensitive areas throughout the island.  The work involves three contracts:  Contract 1 would sewer the inhabited portion of Plum Island and transport the wastewater along the Plum Island Turnpike to the Newburyport Wastewater Treatment Plant on Water Street; Contract 2 is for the improvements to the Wastewater Treatment Facility in particular upgrading the aeration capacity of the WWTF; and Contract 3 is to eliminate inflow/infiltration sources to the city’s sewer system. The total cost for this three year project is $18,126,000.00.  

APPENDIX G – DEP/WES Merrimack river Microbial Indicator Study
1999-2001   
As part of the Microbial Indicator Study of the Merrimack River, bacteriological data were collected.  The bacteriological data subset of the study data appears in Table G1.  All quality control samples for these reported data points meet acceptance criteria.  Upon completion of this study in the Fall 2001 a detailed technical project report will be published by the Department.

Table G1.  Bacteriological data extracted from the Microbial Indicator Study.

	Site
	Location
	Collection Date
	Total Coliforms – MF

(CFU/100mL)
	Fecal Coliforms

(CFU/100mL)
	E_ coli – mTEC

(CFU/100mL)

	Lowell Water Treatment Plant
	Merrimack River intake
	8/30/1999
	NT
	55
	36

	
	
	10/19/1999
	NT
	150
	31

	
	
	9/12/2000
	NT
	5
	<5

	
	
	4/10/2001
	NT
	100
	2

	Lowell Water Treatment Plant
	finished water before distribution
	8/30/1999
	<1
	NT
	NT

	
	
	10/19/1999
	<1
	NT
	NT

	
	
	9/12/2000
	<1
	<5
	<5

	
	
	4/10/2001
	<1
	NT
	NT

	Lowell
	Merrimack River downstream CSO, upstream POTW 
	8/24/1999
	NT
	1100
	215

	
	
	10/19/1999
	NT
	97
	56

	
	
	9/12/2000
	NT
	1200
	580

	
	
	4/11/2001
	NT
	180
	8

	Lowell
	Merrimack River below POTW
	8/11/1999
	NT
	120
	69

	
	
	8/24/1999
	NT
	120
	43

	
	
	10/19/1999
	NT
	52
	8

	
	
	9/12/2000
	NT
	210
	110

	
	
	4/11/2001
	NT
	120
	15

	Methuen Water Treatment Plant
	Merrimack River intake
	8/24/1999
	NT
	36
	33

	
	
	10/20/1999
	NT
	180
	58

	
	
	9/13/2000
	NT
	420
	250

	
	
	4/10/2001
	NT
	23
	<1

	Methuen Water Treatment Plant
	finished water before distribution
	8/24/1999
	<1
	NT
	NT

	
	
	10/20/1999
	<1
	NT
	NT

	
	
	9/13/2000
	<1
	<5
	<5

	
	
	4/10/2001
	<1
	NT
	NT

	Lawrence Water Treatment Plant
	Merrimack River intake
	8/24/1999
	NT
	45
	14

	
	
	10/20/1999
	NT
	130
	87

	
	
	9/14/2000
	NT
	140
	83

	
	
	4/10/2001
	NT
	32
	<1

	Lawrence Water Treatment Plant
	finished water before distribution
	8/24/1999
	<1
	NT
	NT

	
	
	10/20/1999
	<1
	NT
	NT

	
	
	9/14/2000
	<1
	<5
	<5

	
	
	4/10/2001
	<1
	NT
	NT


NT - not tested 

MF - membrane filter method

mTEC  - agar used
Table G1.  Continued.  Bacteriological data extracted from the Microbial Indicator Study.

	Site
	Location
	Collection Date
	Total Coliforms – MF

(CFU/100mL)
	Fecal Coliforms

(CFU/100mL)
	E_ coli – MTEC

(CFU/100mL)

	Lapage Dock Haverhill
	Merrimack River downstream Greater Lawrence Sanitary District, upstream Haverhill CSO
	8/25/1999
	NT
	680
	42

	
	
	10/20/1999
	NT
	83
	42

	
	
	9/13/2000
	NT
	86
	81

	
	
	4/11/2001
	NT
	81
	4

	Fire Station, Haverhill
	Merrimack River downstream CSO, upstream POTW
	8/25/1999
	NT
	380
	35

	
	
	10/20/1999
	NT
	110
	52

	
	
	9/13/2000
	NT
	4300
	1200

	
	
	4/11/2001
	NT
	87
	5

	Groveland
	below Bates Bridge
	8/25/1999
	NT
	97
	3

	
	
	10/20/1999
	NT
	200
	77

	
	
	9/13/2000
	NT
	220
	140

	
	
	4/11/2001
	NT
	61
	10


NT - not tested 

MF - membrane filter method

mTEC  - agar used
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