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Evaluating Water-Quality Conditions in the Mainstem and
Tidal Reaches of the Merrimack River in Massachusetts,

June to September 2020

By Kaitlin Laabs, Casey Beaudoin, Jason Sorenson, and Alex Bissell

Abstract

In summer and early fall (June to September) 2020, water-
quality data were collected at 13 stations along the mainstem of
the Merrimack River and into the Merrimack River estuary. The
data are allocated among three different datasets: discrete water
sample data, discrete vertical profile data, and continuous data.
The collective purpose of these datasets is to enable assessment
of the overall water-quality conditions in the Merrimack River
and estuary and to identify areas for potentially more targeted
water-quality monitoring in the future.

The highest concentrations of nutrients—nitrogen
and phosphorus—were found at the stations downstream
from wastewater treatment plants in Lowell, Lawrence,
and Haverhill. Nutrient concentrations measured in the
Merrimack River estuary were not as high as those measured
in the Merrimack River, indicating that other processes are
affecting nutrient concentrations in the system. These data
were collected coincident with a severe flash drought in
New England. Analysis of the vertical profile and continuous
data indicated that, for intermittent periods up to 5 days, water
quality in some sections of the Merrimack River may not
support designated uses for the waterbody as established in the
Massachusetts surface water quality standards.

Introduction

The 5,010-square mile watershed of the Merrimack River
is the fourth largest in New England. The Massachusetts
section of the Merrimack River begins in Tyngsborough,
Massachusetts, at the New Hampshire State line and travels
roughly eastward to the northeastern coast of Massachusetts
(fig. 1). The Merrimack River is an important resource in the
area, serving as a source of public drinking water supply for
seven towns in Massachusetts and the receiving water for
wastewater treatment plants (WWTPs) in Lowell, Lawrence,
Haverhill, Merrimac, Salisbury, and Newburyport. The river
also acts as the receiving waterbody for multiple combined
sewer overflow discharges in Haverhill, Lowell, and Lawrence

(U.S. Environmental Protection Agency, 2018). These
combined sewer overflows have been shown to affect water-
quality conditions during some large storms (Merrimack River
Watershed Council, 2020).

The Massachusetts Department of Environmental
Protection (MassDEP) designated the freshwater part
of the Merrimack River as a class B inland water in the
Massachusetts surface water quality standards (MassDEP,
2021). This designation requires that the river meet established
water-quality criteria to support multiple uses, including
habitat for aquatic life and wildlife, as well as for human
recreational use. The lower brackish reach of the river is
designated as a class SB coastal and marine water with
criteria and uses for coastal and marine systems. Class B
(inland) criteria for warm water fisheries include requirements
that the concentration of dissolved oxygen not fall below
5.0 milligrams per liter (mg/L), water temperature not rise
above 28.3 degrees Celsius (°C), and pH to range between 6.5
and 8.3 standard units. Class SB (coastal and marine) criteria
include requirements that the concentration of dissolved
oxygen not fall below 5.0 mg/L, water temperature not rise
above 29.4 °C, and pH to range between 6.5 and 8.5 standard
units (MassDEP, 2021).

In order to accurately assess the water-quality conditions
of the Merrimack River to meet Clean Water Act require-
ments, MassDEP has divided the mainstem of the Merrimack
River into multiple hydrologic assessment units (MassDEP,
2022). The assessment unit system classifies reaches of river
by changes in water-quality as well as by classifications in
the Massachusetts surface water quality standards (MassDEP,
2021). Each individual assessment unit is assumed to be of
relatively uniform water-quality, and a new assessment unit
is delineated where water-quality is potentially affected (such
as by dams, tributary inputs, or wastewater inputs) to help
track the sources of changes in water-quality. Dividing the
Merrimack River into assessment units better enables water
resource managers to identify and address differences in the
water-quality within a river reach and tailor monitoring to the
specific needs of the reach.

This report presents the results of a cooperative study
between MassDEP and the U.S. Geological Survey (USGS) to
(1) describe water-quality conditions in the Merrimack River
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and estuary and compare those conditions to water-quality units of interest (table 1). Of the 13 stations at which samples
criteria in the Massachusetts surface water quality standards and other data were collected, 9 were along the mainstem of
(MassDEP, 2021), (2) address gaps in information about that the river, and 4 were open water stations within the estuary
water-quality, and (3) support potential future management (fig. 1). Six WWTPs within the study area discharge directly
initiatives in the river and estuary. Discrete water samples into the Merrimack River, and three of those six—Lowell
and water-quality related data were collected at 13 stations to Regional WWTP, Greater Lawrence WWTP, and Haverhill
characterize potential differences in the quality of the water WWTP—service large communities and are important

in the Merrimack River and estuary owing to various point factors in the delineations of assessment units MA84A—-03,
and nonpoint contributions within each of the 6 assessment MAS84A—-04, and MA84A—05.

Table 1. Hydrologic assessment units and U.S. Geological Survey stations used to evaluate water-quality conditions in the mainstem
and tidal reaches of the Merrimack River in Massachusetts from June to September 2020.

[The Massachusetts surface water quality standards are from Massachusetts Department of Environmental Protection (MassDEP, 2021)]

Hydrologic U.S. Geological Survey monitoring station Latitude Longitude
assessment Identification (decimal (decimal
unit number i degrees) degrees)

Massachusetts surface water quality standards class B (inland waters)

MAS84A—-01 010965305 Merrimack River near Tyngsborough Bridge, Tyngsborough, MA 42.6774 —71.4211
01096568 Merrimack River at Lowell Motorboat Club, Lowell, MA 42.6471 —71.3332
MAS84A-02 010965985 Merrimack River near Aiken Street Bridge, Lowell, MA 42.6534 —71.3139
MAS84A-03 01100220 Merrimack River near power lines, Methuen, MA 42.6624 —71.2422
01100475 Merrimack River at Bashara Boat House, Lawrence, MA 42.6929 —71.1766
MAB4A—04 01100671 Merrimack River downstream Stanley Island, Haverhill, MA 42.7674 =71.1111
Massachusetts surface water quality standards class SB (coastal and marine waters)
MAB4A-05 01100806 Merrimack River near power lines, Merrimac, MA 42.8242 —70.9742
MAS84A-06 01100823 Merrimack River at Goodwin Creek, Amesbury, MA 42.8331 —70.9304
01100871 Merrimack River at Bridge Marina, Salisbury, MA 42.8155 =70.8715
01100873 Merrimack River estuary near Buoy 15, Newburyport, MA 42.8138 —70.8481
01100874 Merrimack River estuary near Lunt Rock, Salisbury, MA 42.8171 —70.8399
01100875 Merrimack River estuary near Salisbury Beach State Park, Salisbury, MA 42.8193 —70.8294

01100877 Merrimack River estuary near Plum Island, Newburyport, MA 42.8172 —70.8216
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Water-Quality Data Collection
and Analyses

Collection and Analysis of Discrete
Water Samples

Discrete water samples were collected at each of the
13 stations at approximately monthly intervals from June to
September 2020, with two samples being collected in June: one
at the beginning and one near the end of the month. The samples
were analyzed for various forms of nitrogen, phosphorus, partic-
ulate carbon, and chlorophyll-a (table 2). One of two analytical
methods was used to analyze the samples for their total nitrogen
content depending on the field-measured salinity of the sample.
When the field-measured salinity was less than 8.0 practical
salinity units (PSU), the freshwater version of the total nitrogen
laboratory analysis was requested. When the measured salinity
was greater than 8.0 PSU, the saltwater version of the total
nitrogen lab analysis was requested. The reporting levels for the
freshwater and saltwater analysis methods were both 0.10 mg/L.
Field parameters related to water-quality, including water
temperature, specific conductance, concentration of dissolved
oxygen, pH, salinity, and barometric pressure were measured
at each station at the time of sample collection using laboratory
calibrated sensors. Concentrations of analyzed constituents and
the measured field parameters were reviewed, approved, and
are included in the USGS National Water Information System
(NWIS) database (U.S. Geological Survey, 2022) as well as in
Laabs (2022).

Discrete Sample and Vertical Profile Data
Collection Methods

Samples were collected as single point samples using
either a 2.5-liter (L) Van Dorn sampler or a 2-L plastic bottle.
Total depth of the water column at the sampling point was
measured at the time of sample collection to determine the
collection method. If the total depth was less than 5 ft, a 2-L
plastic bottle was used to collect a single point sample at the
midpoint between the top and bottom of the water column. If
the measured depth exceeded 5 ft, two separate water samples
were collected using a Van Dorn sampler. Samples were
collected at approximately 1.5 ft from the bottom and 1.5 ft
from the top of the water column to help assess possible vertical
stratification in the column. All samples were collected and the
sample equipment handled according to protocols specified in
the USGS National Field Manual for the Collection of Water-
Quality Data (Wilde, 2002; U.S. Geological Survey, 2006, 2008,
2020b; Wilde and others, 2014). Samples were shipped to the
USGS National Water-Quality Laboratory (NWQL) in Denver,
Colorado, for analysis within 1 week of collection (table 2).

At the stations at which the depth of the water column
was greater than 5 ft, selected field parameters were measured
at several depths from near the top to near the bottom of the
water column. These vertical profiles were collected to assess
the mixing and potential vertical stratification in water-quality
conditions. A multiparameter sensor was lowered through
the water column to record the values for water temperature,
specific conductance, dissolved oxygen, and pH at various
depths. Profiles were not collected when station and weather
conditions did not allow for the steady vertical transition of
the sensor through the water column.

Table 2. Constituents, laboratory reporting levels, and methods used for the analysis to evaluate water-quality conditions in the
mainstem and tidal reaches of the Merrimack River in Massachusetts from June to September 2020.

[Parameter codes are from the U.S. Geological Survey (USGS) National Water Information System (U.S. Geological Survey, 2022)]

National Water-Quality Laboratory information

Constituent USGS parameter  Laboratory Method

code reporting level description
Ammonia, filtered, in milligrams per liter 00608 0.01 Stetson and others (2019)
Nitrite, filtered, in milligrams per liter 00613 0.002 Fishman (1993)
Nitrate plus nitrite (filtered) as nitrogen, in milligrams per liter 00631 0.08 Patton and Kryskalla (2011)
Total nitrogen (filtered, fresh water), in milligrams per liter 62854 0.1 Patton and Kryskalla (2011)
Total nitrogen (filtered, saline water), in milligrams per liter 62854 0.1 Stetson and others (2019)
Total particulate nitrogen, in milligrams per liter 49570 0.06 Zimmerman and others (1997)
Orthophosphate, filtered, in milligrams per liter 00671 0.008 Fishman (1993)
Phosphorus, filtered, in milligrams per liter 00666 0.008 Stetson and others (2019)
Phosphorus, unfiltered, in milligrams per liter 00665 0.008 Stetson and others (2019)
Total particulate carbon, in milligrams per liter 00694 0.1 Zimmerman and others (1997)
Chlorophyll-a, phytoplankton, in micrograms per liter 70953 0.1 Arar and Collins (1997)
Pheophytin-a, phytoplankton, in micrograms per liter 62360 0.1 Arar and Collins (1997)




Continuous Water-Quality Monitoring

Continuous water-quality sensors were deployed on a
rotational schedule at 10 of the 13 sampling stations where
discrete samples were collected. The stations at which
continuous sensors were deployed, the schedule of their
deployment, and the water properties recorded, are outlined in
table 3. The water-quality sensors recorded water temperature
and dissolved oxygen at 15-minute intervals. At a subset of
those 10 stations, additional sensors were deployed to record
specific conductance, also at 15-minute intervals. Sensors
were programmed to log the data internally while deployed.
The data on the sensors were downloaded upon each monthly
retrieval, and the collected data were uploaded to the NWIS
database. The sensors were then redeployed at a different
location. Between deployments, the sensors were cleaned
and calibrations verified following methods described by
Wagner and others (2006).

Two types of sensors were used to collect the continuous
water-quality data: a HOBO conductivity unit and a MiniDOT
unit. The HOBO conductivity loggers were used to record
continuous specific conductance values at an accuracy of
+5 percent of the recorded value. The MiniDOT sensors were
used to record continuous water temperature measurements

Introduction 5

and concentrations of dissolved oxygen; the accuracy of the
dissolved oxygen concentration is within 0.3 mg/L of the
recorded value and the accuracy of the water temperature
values are within £0.2 °C of the recorded value. At stations
where water depth was greater than 5 ft, sensors were
deployed near the top and near the bottom of the water
column; where water depth was less than 5 ft, a single sensor
was deployed at the midpoint of the water column.

HOBO barometric pressure sensors were deployed at
the USGS Merrimack River near Tyngsborough Bridge,
Tyngsborough, Mass. (010965305) and Merrimack River
at Bridge Marina, Salisbury, Mass. (01100871) monitoring
stations through the duration of the project to collect
continuous atmospheric pressure data. Stations with
continuous water temperature, specific conductance, and
dissolved oxygen records were used to calculate an additional
continuous time series data for salinity. Stations with
continuous water temperature, dissolved oxygen, salinity, and
barometric pressure time series records were used to calculate
an additional continuous time series record for dissolved
oxygen percent saturation. USGS rounding standards are
applied to published continuous water-quality data as
indicated in U.S. Geological Survey (2020b).



Table 3. Water-quality sensors deployed on the Merrimack River and estuary in Massachusetts between June and September 2020.

[Top and bottom in the sensor depth in water column table indicate location of sensor. WT, water temperature; DO, dissolved oxygen; %DO saturation, percent dissolved oxygen saturation;

SC, specific conductance; —, no data]

Sensor June July August September
syt v Ve S i S SO S
column Do saturation Do saturation Do saturation Do saturation
Merrimack River near Tyngsborough Bridge,  Top 6/2—6/29 — — — 7/27-8/31 — — —
Tyngsborough, MA Bottom  6/2-6/29  6/2-6/29 — — 7127-8/31  7/27-8/31 — —
Merrimack River at Lowell Motorboat Club, Top 6/2-6/29 — — — 7/27-8/31 — — —
Lowell, MA Bottom  6/2-6/29 — — — 7/27-8/31 — — —
Merrimack River near Aiken Street Bridge, Top 6/2—6/29%* — — — 7/27-8/31 — — —
Lowell, MA
Merrimack River near power lines, Methuen, Top — — 6/30-7/28 — — — 9/1-9/29 —
MA Bottom — — 6/30-7/28 — — — 9/1-9/29 —
Merrimack River at Bashara Boat House, Top — — 7/6-7/27 — — — 9/1-9/28 —
Lawrence, MA Bottom — — 76721 /6727 — — — —
Merrimack River downstream Stanley Island,  Top — — 6/30-7/28 — — — 9/1-9/29 9/1-9/29
Haverhill, MA
Merrimack River near power lines, Merrimac,  Top 6/8-7/6 6/8-7/6 — — 7/30-9/2 7/30-9/2 — —
MA Bottom  6/8-7/6 6/8-7/6 — — 7/30-92  7/30-9/2 — —
Merrimack River at Goodwin Creek, Top 6/8-6/30 6/8-6/30* — — 7/28-9/1 7/28-9/1* — —
Amesbury, MA Bottom  6/8-6/30  6/8-6/30* — — 7/28-9/1  7/28-9/1% — —
Merrimack River at Bridge Marina, Salisbury,  Top — — 7/6-7/28 7/6-7/28%* — — 9/1-9/30 9/1-9/30%*
b Bottom = = 7/6-7/28  7/6-7/28* = = 9/1-9/30  9/1-9/30*
Merrimack River estuary near Buoy 15, Top — — 7/1-7/29 7/1-7/29%* — — 9/2-9/30 9/2-9/30%*
Newburyport, MA Bottom — — 71-729  7/1-7/29% — — 9/2-930  9/2-9/30*

*Some or all resulting data were deemed erroneous and are not publicly available.
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Quality Assurance and Quality Control Data for
Discrete Samples and Vertical Profile

Approximately 5 percent of the 159 samples collected
for this project were quality-control samples. Quality-control
samples consisted of two field blanks: one at the beginning
and one at the end of the sampling to quantify any potential
contamination from the sampling equipment used. Replicate
samples were collected each sample round with a total of
six replicate samples collected during the project. Deionized
water produced in the laboratory at the USGS New England
Water Science Center in Northborough, Mass., was used to
prepare the field blanks. The deionized water system is tested
annually for the presence and concentration of selected
nutrients, major ions, and trace elements to ensure the water
is acceptable for use in blank samples. Analyses of the blank
samples (table 4) indicated no apparent systematic bias or
contamination that would have affected the interpretation
of the analyses of the discrete environmental samples. Low
levels of particulate carbon and nitrite were detected in one
of the two field blanks, and ammonia was detected in both
blanks. The resulting blank concentrations were greater
than the laboratory detection limit (except for nitrite), but
generally equal to or less than the laboratory reporting limit
(except for ammonia in the blank from September 29, 2020).
The environmental concentrations associated with the blank
sample detections had a relative percent difference of greater
than or equal to 10 percent of the blank concentrations.

As such, the environmental concentrations associated with
those field blanks were approved. This quality assurance
information indicates that the detections of nitrite and
ammonia in environmental samples at concentrations near
the reporting level for those analytes may be less accurate
than detections of higher concentrations (table 5, in back of
report). The associated blank and replicate quality control
data can be reviewed in Laabs (2022).

Table 4. Concentrations of constituents reported in field blank
quality control samples used to evaluate water-quality conditions
in the mainstem and tidal reaches of the Merrimack River in
Massachusetts from June to September 2020.

[mg/L, milligram per liter]

Date Laboratory Laboratory  Concentration
Constituent blank detection  reporting . of constituent
sample level level in blank sample
collected (mg/L) (mg/L) (mg/L)
Ammonia 6/2/2020 0.005 0.01 0.01
Ammonia 9/29/2020 0.005 0.01 0.02
Nitrite 9/29/2020 0.001 0.002 0.001
Total particulate  6/2/2020 0.05 0.10 0.08

carbon
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The salinity in the 6 field replicates adequately bracketed
the wide range in salinity that was recorded at the 13 discrete
monitoring stations. In general, the ranges in concentrations
of most of the analytes were accurately replicated, with
relative percent difference values between concentrations
in the environmental samples and the replicates of less
than 10 percent. However, for three individual analytes—
total particulate carbon, total particulate nitrogen, and
pheophytin-a—the relative percent difference values were
near 20 percent. For the data quality objectives of this study, a
relative percent difference of 20 percent for these constituents
was deemed acceptable to assume replication accuracy.

Due to inherent variability in sampling and processing
procedures for particulate samples, total particulate carbon
and total particulate nitrogen can be difficult to accurately
replicate (Medalie and Bexfield, 2020). The same difficulty in
replication as with the particulate samples was assumed with
the pheophytin-a sample. The corresponding environmental
sample data were deemed valid, and no actions were

taken to qualify them.

Owing to a filter supply issue, a subset of the samples
collected in July were processed through a 0.65-micrometer
(um) filter in the field instead of the standard 0.45-um filter
recommended in USGS guidelines (Wilde, 2002). The analyses
for these samples were compared with those for other sampling
events to ensure comparability between the analytical results
for samples processed through the different filter sizes. It was
determined that the use of two filter sizes produced similar
analytical results for nutrients in the samples, and the data
were deemed valid. A result-level comment describing the use
of the 0.65-um filter was added to these samples in the NWIS
database (U.S. Geological Survey, 2022).

The instruments (water-quality monitors and sensors)
used to collect discrete sample and vertical profile data were
calibrated following protocols and techniques outlined in
chapter A6 of the National Field Manual (U.S. Geological
Survey, 2008). Instruments were checked for calibration
accuracy each morning and calibrated against known
standards if needed before use in the field. Standards were
selected to bracket expected field values in order to verify
the accuracy and range of the instruments.

Barometric pressure data were recorded in the field at
the time of sampling. Barometric pressure readings from
sensors used in the field were compared with barometric
pressure readings at local airports to determine accuracy, with
the requirements that the sensors read within 5 millimeters of
mercury of readings at the airport. During this check, it was
found after conclusion of the project that one field barometric
pressure sensor was reading erroneously; associated field data
collected with that sensor were deemed invalid and are not
publicly available in the database.
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Quality Assurance and Quality Control
Procedures for Continuous Sensor Data

The MiniDOT and HOBO sensors used cannot be
calibrated locally. Instead, they are calibrated in the factory
and certified for accuracy and precision to a specified range of
conditions. Before deployment in the field, the performance of
the MiniDOT and HOBO sensors were verified by comparing
sensor readings to certified calibration standards or equipment
in the USGS laboratory. The HOBO and MiniDOT sensors
calibrations were also checked to track and verify instrument
performance between each deployment at a field station.

In addition to these standard laboratory and field calibra-
tion checks, the 15 MiniDOT sensors used during the project
were checked in a zero dissolved oxygen solution to verify the
accuracy of near-zero readings. The procedures used to perform
the zero dissolved oxygen checks followed those specified in
chapter A6.2 of the National Field Manual (U.S. Geological
Survey, 2020a). The sensor readings ranged from 0.03 mg/L
to 0.135 mg/L, with a median value of 0.045 mg/L in a zero
dissolved oxygen solution.

To evaluate the performance of the thermistors on the
field sondes, MiniDOT, and HOBO sensors, a five-point
calibration check was performed in the USGS laboratory at the
beginning of the project and again at the conclusion. The water
temperature sensors were compared with a National Institute
of Standards and Technology (NIST) calibrated thermometer
to evaluate the accuracy of the measurements. The deployed
sensors were also compared in the field against secondary
USGS laboratory calibrated sensors that had been checked
against a NIST thermometer. Water temperature sensors
were found to be accurate within 0.2 °C of the calibrated
NIST thermometer, and no sensor drift was apparent at the
conclusion of the study.

To determine the degree of fouling of the water-quality
sensors that may have occurred during deployment, at the end
of each deployment they were compared with a laboratory cali-
brated sensor. Continuous monitoring in coastal environments
can be challenging because of rapid biofouling from micro-
scopic and macroscopic organisms, corrosion of electronic
components from salt and high humidity, and wide ranges in
values of field parameters associated with changing weather
and tidal conditions However, because of rapidly changing
physical conditions at some monitoring stations, particularly
the brackish water monitoring stations within assessment unit
MAS84A-06 (fig. 1), it was difficult to obtain accurate in-place
comparison readings. At such stations, the standard protocol
for the operation and maintenance of continuous water-quality
sensors was modified as suggested by Wagner and others
(2006). In lieu of in-place comparisons, the readings of the
deployed sensors were compared before and after cleaning with
those of a laboratory sensor while both were placed in a bucket
of water (dipped from the monitoring station). The still water in
a bucket provides a more stable environment for the sensors and
ensures a more accurate check of the degree of fouling of the
deployed sensor.

After each deployment, fouling corrections were calculated
using the readings taken from before and after the deployed
sensors were cleaned. Similarly, calibration corrections were
calculated based on how the sensors performed during each
of the field calibration checks. When necessary, the calculated
fouling and calibration corrections were then applied to the
data collected by the deployed sensor to correct for any fouling
or drift. Data for which the correction exceeded the maximum
allowable limit specified in Wagner and others (2006) were
considered erroneous and are not publicly available in the
NWIS database (U.S. Geological Survey, 2022).

Analyses of data for water temperature and dissolved
oxygen recorded by the MiniDOT sensor deployed during
June 2020 at the near-bottom location at the Merrimack River at
Lowell Motorboat Club, Lowell, Mass. (01096568) monitoring
station indicated that the sensor was excessively fouled for
several days during its period of deployment, and that the
calculated correction to the data for some days exceeded the
maximum allowable limit. The erroneous data are not publicly
available, and water temperature and dissolved oxygen data for
this station are available only for June 2—17, 2020.

To determine the degree of potential calibration drift
during deployment, the deployed sonde was compared to a labo-
ratory calibrated field meter (Wagner and others, 2006) The field
calibration checks performed indicated that the readings of the
MiniDOT sensors met USGS criteria and factory recalibration
was unnecessary. Field calibration checks of the HOBO sensors,
however, indicated significant error (as much as 36 percent) in
readings of values of specific conductance greater than 25,000
microsiemens per centimeter at 25 degrees Celsius (uS/cm). At
the conclusion of the study, when a thorough calibration check
of the HOBO conductivity sensors was performed in the USGS
office laboratory, the sensor readings were found to be substan-
tially in error at values greater than 25,000 puS/cm, as much as
20 to 30 percent from the 50,000-uS/cm laboratory standard
used. In response to the inaccuracy observed in the postdeploy-
ment calibration checks of the HOBO conductivity sensors in
certified conductivity standards, continuous data recorded that
were greater than 25,000 uS/cm did not meet USGS and project
data quality objectives and are not publicly available.

At three of the brackish water stations (Merrimack River
estuary near Buoy 15, Newburyport, Mass. [01100873],
Bridge Marina [01100871], and Merrimack River at Goodwin
Creek, Amesbury, Mass. [01100823] monitoring stations),

a large number of specific conductance values exceeded the
25,000-pS/cm threshold. Absence of the use of those data
significantly biased the remaining data, and as a consequence,
the continuous specific conductance data for the three stations
were not published (table 3). The associated salinity and
dissolved oxygen saturation data that were calculated on the
basis of the specific conductance values for the three stations
were subsequently deemed to be erroneous and are not
publicly available.



Findings From Analysis of
Water-Quality Data

The freshwater reach of the Merrimack River is designated
by the Massachusetts Department of Environmental Protection
as a class B water, and the lower brackish reach as a class SB
water in the Massachusetts surface water quality standards
(MassDEP, 2021). Many types of water-quality information
were collected in each of the six assessment units during this
study to help determine if the water in those reaches is meeting
established water-quality criteria in the Massachusetts surface
water quality standards (MassDEP, 2021).

Discharge and gage height data from the Merrimack
River at Lowell, Mass. (01100000) and Merrimack River at
Lawrence, Mass. (01100500) monitoring stations were used
to assess flow conditions on the river during the collection of
samples. Discharge was not a determining factor when sched-
uling the sample collection. In general, samples were collected
under base flow or lower conditions. During summer 2020,
Massachusetts was experiencing a severe flash drought, with
warmer than average daily temperatures and lower than average
streamflows (Lombard and others, 2020). This drought created a
situation in which there were few storms large enough to cause
the combined sewer overflows to discharge to the Merrimack
River during the period of the study, making it difficult to assess
whether combined sewer overflows are a major contributing
factor to overall water-quality in the Merrimack River.

Discrete Sample and Vertical Profile Data

Discrete water data collected during the study are
summarized in tables 5 through 9 (in back of report), and USGS
rounding standards are applied to all discrete field parameters
and continuously recorded data as indicated in U.S. Geological
Survey (2020b). Concentrations of total nitrogen, ammonia,
nitrate, and nitrite were generally consistent throughout the
sampling period, with only nitrite showing a slight increase in
concentration from June to September. The highest concentra-
tions of nitrogen and phosphorus were found at the stations
downstream from wastewater treatment plants in Lowell,
Lawrence, and Haverhill (fig. 1). Concentrations of total
nitrogen ranged from 0.07 mg/L at the Merrimack River estuary
near Plum Island, Newburyport, Mass. (01100877) monitoring
station to 2.79 mg/L at the Merrimack River downstream
Stanley Island, Haverhill, Mass. (01100671) monitoring station
(table 5, in back of report). Concentration of ammonia ranged
from less than (<) 0.01 mg/L at multiple stations to 0.61 mg/L
(estimated value) in a top sample at the Tyngsborough Bridge
(010965305) monitoring station. Concentrations of nitrate
plus nitrite ranged from <0.04 mg/L at multiple stations
to 2.14 mg/L in a top sample at the Merrimack River near
power lines, Merrimac, Mass. (01100806) monitoring station.
Concentrations of nitrite ranged from <0.001 mg/L at multiple
stations to 0.130 mg/L at the Stanley Island (01100671)
monitoring station.

Findings From Analysis of Water-Quality Data 9

Concentrations of unfiltered phosphorus ranged from
0.013 mg/L at multiple stations to 0.136 mg/L in a bottom
sample at the Tyngsborough Bridge (010965305) monitoring
station (table 6, in back of report). Concentrations of filtered
phosphorus ranged from 0.004 mg/L (estimated value) at
multiple stations to 0.096 mg/L in a bottom sample at the
Tyngsborough Bridge (010965305) monitoring station.
Concentrations of orthophosphate ranged from <0.004 mg/L
at multiple stations to 0.088 mg/L in a bottom sample at
the Tyngsborough Bridge (010965305) monitoring station.
Concentrations of total particulate carbon ranged from
0.19 mg/L in a bottom sample at the Bridge Marina (01100871)
monitoring station to 2.98 mg/L in a top sample at the
Merrimack River near power lines, Methuen, Mass. (01100220)
monitoring station.

Concentrations of chlorophyll-a and pheophytin-a varied
during the study period, with both detected at higher concentra-
tions in samples collected in July and September than in the
June and August samples. Concentrations of chlorophyll-a and
pheophytin-a were generally higher in samples collected at
riverine stations than in samples from estuarine stations (table 7,
in back of report). Concentrations of chlorophyll-a ranged from
1.30 micrograms per liter (ug/L) at two stations to 37.4 ng/L
in a top sample at the Tyngsborough Bridge (010965305)
monitoring station. Concentrations of pheophytin-a ranged from
<0.10 pg/L at two stations to 42.0 pg/L in a top sample at the
Goodwin Creek (01100823) monitoring station.

The minimum criterion for concentration of dissolved
oxygen of 5.0 mg/L in class B waters (MassDEP, 2021)
was exceeded at three stations while collecting discrete
water-quality data: the Tyngsborough Bridge (010965305),
the Lowell Motorboat Club (01096568), and the Methuen
(01100220) monitoring stations. None of the discrete samples
collected in the stations classified as class SB waters exceeded
the minimum dissolved oxygen criterion.

The maximum criterion for pH in class B waters
of 8.3 standard units (MassDEP, 2021) was exceeded at
three stations: the Tyngsborough Bridge (010965305), the
Lowell Motorboat Club (01096568), and the Merrimack River
near Aiken Street Bridge (010965985) monitoring stations.
None of the stations classified as class SB waters exceeded the
maximum pH criterion of 8.5 standard units, and the minimum
criterion of 6.5 was not exceeded at any of the stations in class
B and class SB waters.

The maximum criterion for water temperature in class B
waters of 28.3 °C (MassDEP, 2021) was found to be exceeded
at one station: the Stanley Island (01100671) monitoring
station. None of the stations classified as class SB waters
had samples that exceeded the maximum water temperature
criterion of 29.4 °C.

The data collected in the vertical profiles indicated that
most stations were well mixed, with minimum stratification.

At the stations where mixing was indicated, the values for

the properties measured in the profiles showed little variation
through the water column. Water temperature showed variations
of 2 °C or less, concentrations of dissolved oxygen varied

by 0.5 mg/L or less, pH varied by 0.5 standard units or less,



10

and specific conductance values varied by 10 percent or less.
Two stations had collected profile data that indicated there was
poor mixing: the Tyngsborough Bridge (010965305) and Lowell
Motorboat Club (01096568) monitoring stations. The samples
collected at the Tyngsborough Bridge monitoring station, in
particular, showed notable differences in water temperature
measurements and concentrations of dissolved oxygen with
depth. Data from vertical profiles are published in Laabs (2022).
Concentrations of dissolved oxygen at the Goodwin Creek
(01100823) monitoring station were representative of those
found at most sampling stations, consistent through the water
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column at levels greater than 5.0 mg/L (fig. 2). In comparison,
concentrations of dissolved oxygen decreased with depth in
profiles measured in June and September at Tyngsborough
Bridge (010965305) monitoring station (fig. 3) and the Lowell
Motorboat Club (01096568) monitoring station (fig. 4), both
in assessment unit MA84A—01 (fig. 1). The vertical profiles
measured in June that documented concentrations of dissolved
oxygen at levels below the class B criterion of 5.0 mg/L

(figs. 3 and 4) corroborate the field data collected in concert
with the discrete samples and with the continuously recorded
data for these stations.
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Figure 2. Concentrations of dissolved oxygen measured in vertical profiles at the Merrimack River at Goodwin Creek, Amesbury, Mass.
(station number 01100823) monitoring station, June to September 2020.
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Figure 3. Concentrations of dissolved oxygen measured in vertical profiles at the Merrimack River near Tyngsbhorough Bridge,
Tyngsborough, Mass. (station number 010965305) monitoring station, June to September 2020.
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Figure 4. Concentrations of dissolved oxygen measured in vertical profiles at the Merrimack River at Lowell Motorboat Club,

Lowell, Mass. (station number 01096568) monitoring station, June to September 2020.

Continuous Water-Quality Data

Data recorded by the top and bottom continuous sensors
generally indicated vertical stratification of water temperature
and dissolved oxygen at some stations. Vertical stratifica-
tion of water temperature and dissolved oxygen was
observed primarily at the upstream stations in assessment
units MA84A-01 and MA84A-02, particularly at the
Tyngsborough Bridge (010965305) and Lowell Motorboat
Club (01096568) monitoring stations. Data from the top
and bottom sensors deployed at stations in assessment units
MA84A—-03 through MA84A—06 indicated that the river was
relatively well mixed vertically with no apparent differences
between the top and bottom sensors (fig. 1).

Concentrations of dissolved oxygen varied among
and within the stations continuously monitored during this
study (table 9, in back of report). At 6 of the 10 monitored
stations, the recorded concentration of dissolved oxygen
never fell below the 5.0 mg/L criterion. At the Merrimac
(01100806) monitoring station, however, concentrations of
dissolved oxygen were near the criterion for many days, with
recorded readings as low as 5.1 mg/L. At 4 of the 10 stations,
recorded concentration of dissolved oxygen fell below the
5.0 mg/L criterion: Tyngsborough Bridge (010965305),
Lowell Motorboat Club (01096568), Methuen (01100220),
and Stanley Island (01100671). All four of these stations are
in class B waters. The lowest concentrations of dissolved

oxygen in the study were observed at the Tyngsborough
Bridge station, with a concentration of dissolved oxygen of
0.0 mg/L recorded by the bottom sensor for a 5-day period
during June 2020. This recorded absence of dissolved
oxygen in the water at the bottom of the water column was
confirmed by a vertical profile measured in June (fig. 4).

Water temperature at five of the six monitoring locations
in class B waters had recorded values that exceeded the
maximum temperature criterion of 28.3 °C. None of the
four continuously monitored stations in class SB waters
exceeded the maximum temperature criterion of 29.4 °C,
though several stations in class SB waters had a maximum
recorded water temperature of 29.4 °C.

These findings indicated that some reaches of the
Merrimack River were at times not meeting the permissible
lower limit for dissolved oxygen and upper limit for
temperature in class B waters. The rotation deployment of
the continuous sensors provided high-frequency information
at several different monitoring stations along the Merrimack
River that provided useful information on water-quality condi-
tions throughout the study area. The relatively short deploy-
ments, however, were insufficient to describe the duration
and frequency of these exceedances. More continuous data
collection is needed to identify the frequency and duration of
these exceedances.
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Table 5. Summary of measurements of field-collected water-quality properties for nitrogen compounds analyzed at monitoring stations on the Merrimack River in

Massachusetts from June to September 2020.

[mg/L, milligram per liter; min, minimum; max, maximum; e, estimated data; <, less than]

Sensor Ammonia Nitrite Nitrate plus nitrite Total particulate nitrogen Total nitrogen
Monitoring station depth (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
name in water . . . i . . . . . .
column Min Median Max Min Median Max Min Median  Max Min Median Max Min Median Max

Merrimack River near Top 0.04 0.13 ¢0.61 0.013 0.032 0.041 0.349 0.594 0.779 0.062 0.098 0.353  0.65 1.01 1.43
Tyngsborough Bridge, poom 0,07 025 059 0013 0019 0041 0221 0381 0.823 0052 0.101 0243 0.65 121 149
Tyngsborough, MA

Merrimack River at Top €0.02 0.08 0.21 0.012 0.026  0.032 0.359 0.584 0.620 0.070 0.111 0.205 0.67 0.89 1.03
Lowell Motorboat Bottom €0.09 0.13 0.22  0.012 0.026 0.034 0.351 0.604 0.671 0.061 0.065 0.321 0.67 1.00 1.12
Club, Lowell, MA

Merrimack River near Top €0.05 0.06 0.17 0.013 0.024 0.033 0.367 0.610 0.639 0.065 0.096 0.251 0.78 0.95 1.03
Aiken Street Bridge,
Lowell, MA

Merrimack River near Top 0.10 0.19 ¢0.51 0.018 0.023  0.072 0.441 0.650  0.955 0.041 0.111 0.186 0.83 1.04 1.89
llz/?xer lines, Methuen, Bottom 0.09 0.31 ¢0.36  0.018 0.029 0.044 0.458 0.657 0.998 0.045 0.078 0.122 0.84 1.16 1.76

Merrimack River at Top 0.14 0.19 0.31 0.021 0.044 0.056 0.455 0.734 1.010 0.084 0.129 0.157 0.85 1.24 1.80
Bashara Boat House, Bottom 0.15 0.19 ¢0.42  0.020 0.046 0.056 0.464 0.727  0.965 0.055 0.099 0.145 1.00 1.21 1.78
Lawrence, MA

Merrimack River down-  Top 0.07 0.17 0.38 0.046 0.098 0.130 0.617 0.934 2.070 0.046 0.071 0.122  1.17 1.49 2.79
stream Stanley Island,
Haverhill, MA

Merrimack River Top €0.02 0.04 0.15 0.017 0.031 0.049 0.808 0.836  2.140 0.080 0.107 0.140 1.06 1.25 2.66
near power lines, Bottom 0.03 0.04 0.17 0.017 0.030 0.051 0.804 0.829 2.110 0.094 0.108 0.147 1.07 1.27 2.64
Merrimac, MA

Merrimack River at Top <0.01 0.03 0.08 0.011 0.024  0.041 0.832 1.070  1.260 0.107 0.127 0.205 1.12 1.40 1.54
Goodwin Creek, Bottom  <0.01 0.04 0.07 0.010 0.025 0.041 0.803 1.060 1.160 0.088 0.121 0.242 1.14 1.30 1.52
Amesbury, MA

Merrimack River at Top 0.01 0.02 0.06  0.003 0.022  0.044 0.226 0.746 1.140 0.043 0.102 0.166 0.30 0.98 1.50
Bridge Marina, Bottom 0.02 0.02 0.06 0.002 0.021 0.043 <0.040 0.792 1.120 0.033 0.103 0.157 0.14 1.04 1.47
Salisbury, MA

Merrimack River Top <0.01 0.02 0.08 0.003 0.003 0.019 <0.040 0.174  0.583 0.034 0.096 0.153  0.12 0.28 0.82
estuary near Buoy 15, poitom  <0.01 0.02 0.08 0.001 0.003 0.016 <0.040 0.177  0.583 0.035 0.069 0.126  0.09 0.27 0.77
Newburyport, MA

Merrimack River estu- Top <0.01 0.02 0.09 <0.001 0.006 0.020 <0.040 0.060 0.599 0.051 0.070 0.113  0.08 0.20 0.90
ary near Lunt Rock, Bottom  <0.01 0.02 0.07 0.001 0.003 0.015 <0.040 0.065 0.422 0.049 0.061 0.146 0.09 0.15 0.61

Salisbury, MA
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Table 5. Summary of measurements of field-collected water-quality properties for nitrogen compounds analyzed at monitoring stations on the Merrimack River in

Massachusetts from June to September 2020.—Continued

[mg/L, milligram per liter; min, minimum; max, maximum; e, estimated data; <, less than]

Sensor Ammonia Nitrite Nitrate plus nitrite Total particulate nitrogen Total nitrogen
Monitoring station depth (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
name in water i . . i . i . . . .
column Min Median Max Min  Median Max Min Median  Max Min Median Max Min Median Max
Merrimack River Top <0.01 0.02 0.06 <0.001 0.003  0.016 0.053 0.079  0.481 0.046  0.071  0.117 0.10 0.20 0.71
estuary near Salisbury  gotom  <0.01 <0.01 0.07 <0.001 <0.001 0.012 <0.040 <0.040 0.354 <0.030 0.047 0.110 0.08 0.09 0.70
Beach State Park,
Salisbury, MA
Merrimack River estu-  Top <0.01 0.02 0.07 <0.001 0.005  0.020 0.043 0.185 0.544 0.042 0.071  0.109 0.10 0.35 0.80
ary near Plum Island,  goyom  <0.01 0.02 0.11 <0.001 0.002 0.013 <0.040 <0.040 0.381 0.034 0.056 0.110 0.07 0.13 0.64

Newburyport, MA
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Table 6. Summary of measurements of field-collected water-quality properties for phosphorus compounds and total particulate carbon analyzed at monitoring stations on the
Merrimack River in Massachusetts from June to September 2020.

[mg/L, milligram per liter; e, estimated data; <, less than]

L Sensor depth Unfiltered phosphorus Filtered phosphorus Orthophosphate Total particulate carbon
Mo_nltormg in water (mg/L) (mg/L) (mg/L) (mg/L)
station name - N - - - - - .
column Min Median  Max Min Median  Max Min Median Max  Min Median Max
Merrimack River near Tyngsborough Bridge, Top 0.033 0.041 0.096 0.018 0.027 0.062 0.005 0.014  0.037 0.42 0.60 2.48
Tyngsborough, MA Bottom 0.034 0.068 0.136 0.024 0.030 0.096  <0.004 0.014  0.088 0.41 0.66 1.59
Merrimack River at Lowell Motorboat Club,  Top 0.029 0.050 0.079 0.019 0.030 0.035  <0.004 0.018 0.021 0.46 0.59 1.32
Lowell, MA Bottom 0.027 0.051 0.090 0.019 0.030 0.040  <0.004 0.017  0.031 0.40 0.46 1.97
Merrimack River near Aiken Street Bridge, Top 0.025 0.049 0.075 0.016 0.024 0.037  <0.004 0.014  0.024 0.43 0.58 1.70
Lowell, MA
Merrimack River near power lines, Methuen, Top 0.031 0.047 0.130 0.018 0.022 0.087  <0.004 0.013  0.075 0.30 0.76 2.98
MA Bottom 0.029 0.053 0.099 0.014 0.035 0.083  <0.004 0.020  0.069 0.33 0.51 0.78
Merrimack River at Bashara Boat House, Top 0.035 0.037 0.069 0.016 0.020 0.049 <0.004 <0.004 0.030 0.51 0.91 1.18
Lawrence, MA Bottom 0.031 0.041 0.082 0.015 0.020 0.057 <0.004 <0.004 0.039 0.40 0.51 0.91
Merrimack River downstream Stanley Island, Top 0.036 0.046 0.071 0.015 0.023 0.056  <0.004 0.009  0.039 0.36 0.42 0.95
Haverhill, MA
Merrimack River near power lines, Top 0.039 0.043 0.076 0.010 0.024 0.061  <0.004 0.011  0.044 0.63 0.76 1.01
Merrimac, MA Bottom 0.034 0.047 0.081 0.013 0.021 0.061  <0.004 0.011  0.046  0.60 0.82 0.99
Merrimack River at Goodwin Creek, Top 0.032 0.039 0.054 0.015 0.022 0.029  <0.004 0.013  0.035 0.62 0.92 1.45
Amesbury, MA Bottom 0.036 0.043 0.057 0.011 0.022 0.027  <0.004 0.012  0.019 045 0.82 1.70
Merrimack River at Bridge Marina, Top 0.025 0.036 0.052  <0.008 0.020 0.023  <0.004 0.013 0.017 0.21 0.64 1.15
Salisbury, MA Bottom 0.024 0.034 0.052 0.008 0.021 0.022  <0.004 0.013  0.018 0.19 0.60 1.01
Merrimack River estuary near Buoy 15, Top 0.014 0.030 0.037 ¢0.004 0.019 0.022 0.005 0.013  0.018 0.31 0.61 1.00
Newburyport, MA Bottom 0.013 0.029 0.041 ¢0.005 0.019 0.021  <0.004 0.012 0.017 0.29 0.38 0.92
Merrimack River estuary near Lunt Rock, Top 0.015 0.023 0.029 ¢0.006 0.014 0.019  <0.004 0.010  0.017 0.38 0.42 0.86
Salisbury, MA Bottom 0.015 0.024 0.038 ¢0.005 0.015 0.020  <0.004 0.011  0.017 0.31 0.40 1.11
Merrimack River estuary near Salisbury Top 0.018 0.021 0.035 ¢0.006 0.015 0.021 0.005 0.009  0.017 0.27 0.38 0.86
Beach State Park, Salisbury, MA Bottom 0014 0019 0031 <0005 0016 0020 0005 0010 0017 022 031 078
Merrimack River estuary near Plum Island, Top 0.015 0.028 0.055 ¢0.007 0.016 0.037  <0.004 0.011  0.029 0.31 0.42 2.26
Newburyport, MA Bottom 0.013 0.020 0.034 ¢0.006 0.014 0.022 0.005 0.009 0.018 0.24 0.34 0.86
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Tables 17

Table 7. Summary of measurements of field-collected water-quality properties for pheophytin-a and chlorophyll-a at monitoring
stations on the Merrimack River in Massachusetts from June to September 2020.

[ng/L, microgram per liter; min, minimum; max, maximum]

Monitoring Sensor depth in Pheophytin-a (pg/L) Chlorophyll-a (pg/L)
station name water column Min Median Max Min Median Max
Merrimack River near Tyngsborough Bridge, Top 2.5 5.3 14.8 4.0 6.4 37.4
Tyngsborough, MA Bottom 2.7 8.5 3.6 41 6.2 18.1
Merrimack River at Lowell Motorboat Club, Top 3.8 6.9 19.4 24 5.7 322
Lowell, MA Bottom 4.1 7.8 253 33 3.9 342
Merrimack River near Aiken Street Bridge, Top 3.9 7.8 25.5 4.9 8.2 31.7
Lowell, MA
Merrimack River near power lines, Methuen, MA Top 2.8 5.2 16.5 2.3 7.0 18.3
Bottom 4.5 6.1 14.9 1.8 6.0 8.0
Merrimack River at Bashara Boat House, Top 33 8.5 15.2 4.7 11.4 13.7
Lawrence, MA Bottom 42 8.0 184 43 5.4 10.9
Merrimack River downstream Stanley Island, Top 43 4.8 16.1 1.8 24 5.9
Haverhill, MA
Merrimack River near power lines, Merrimac, MA Top 3.7 6.6 11.4 4.8 6.9 9.5
Bottom 42 7.3 11.0 5.3 5.9 8.9
Merrimack River at Goodwin Creek, Amesbury, MA  Top 4.5 9.7 42.0 8.5 10.7 17.5
Bottom 5.0 9.9 40.7 6.8 11.1 15.5
Merrimack River at Bridge Marina, Salisbury, MA Top 1.4 4.4 18.5 2.6 5.4 13.1
Bottom 1.0 5.1 252 1.3 6.5 13.8
Merrimack River estuary near Buoy 15, Top 1.3 2.5 7.0 1.9 35 10.4
Newburyport, MA Bottom 13 25 97 20 42 8.9
Merrimack River estuary near Lunt Rock, Top <0.1 1.5 9.3 1.7 2.4 9.4
Sty 1l Bottom 0.5 1.7 10.3 1.9 2.4 8.7
Merrimack River estuary near Salisbury Beach Top 0.2 1.6 6.2 2.1 23 6.4
State Park, Salisbury, MA Bottom <0.1 1.6 7.1 1.6 25 6.4
Merrimack River estuary near Plum Island, Top 0.7 1.9 9.1 1.3 33 8.2

Newburyport, MA Bottom 0.2 1.4 6.5 1.9 2.0 59




Table 8. Summary of measurements of field-collected water-quality properties at monitoring stations on the Merrimack River in Massachusetts from June to September 2020.

[°C, degree Celsius; uS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligram per liter; PSU, practical salinity unit]

Sensor Water temperature Specific conductance Dissolved oxygen Salinity
Monitoring depth (°C) (pS/cm) (mg/L) pH (PSU)
station name in water . . . . . . . . i .
column Min  Median Max Min Median Max Min Median Max Min Median Max Min Median Max
Merrimack River near Top 193 223 281 158 230 265 7.4 8.5 143 68 71 92 0.1 0.1 0.1
Tyngsborough Bridge, Bottom 168  21.5 272 158 244 273 23 78 89 68 70 71 0.1 01 0.1
Tyngsborough, MA
Merrimack River at Lowell Top 190 232 265 159 234 275 6.8 8.1 141 67 7.0 95 0.1 0.1 0.1
Motorboat Club, Lowell, MA  goomy 176 227 262 160 241 265 44 6.8 98 66 69 78 0.1 01 0.1
Merrimack River near Aiken Top 181 232 269 160 246 268 73 7.9 11.8 68 7.0 88 0.1 01 0.1
Street Bridge, Lowell, MA
Merrimack River near power Top 20.5 232 27.7 188 280 316 6.7 7.4 9.1 638 7.0 7.3 0.1 0.1 0.1
lines, Methuen, MA Bottom 174 226 272 227 294 310 44 65 76 66 68 71 0.1 01 0.1
Merrimack River at Bashara Boat Top 20.7 23.8 27.8 213 295 329 7.0 7.8 102 6.9 7.1 7.9 0.1 0.1 0.1
House, Lawrence, MA Bottom 183 227  27.0 215 295 318 62 6.7 82 68 7.0 71 0.1 0.1 0.1
Merrimack River downstream Top 21.0 23.0 28.8 245 319 354 5.1 7.3 88 6.7 7.0 7.2 0.1 0.1 0.2
Stanley Island, Haverhill, MA
Merrimack River near power Top 213 22.7 28.7 245 324 1,000 7.3 7.9 9.1 69 7.2 7.4 0.1 0.1 0.5
lines, Merrimac, MA Bottom 213 226  28.7 244 316 1,000 7.3 7.9 90 69 72 74 01 01 05
Merrimack River at Goodwin Top 190 224 284 312 572 16,900 7.3 8.0 92 69 72 78 0.1 32100
Creek, Amesbury, MA Bottom 189 224 284 323 676 19,100 7.4 7.9 92 70 72 78 0.1 57 114
Merrimack River at Bridge Top 161 219 282 1200 12,300 43900 72 7.9 91 72 76 78 0.6 70 287
Marina, Salisbury, MA Bottom 146  21.8 279 2020 12500 47,900 7.2 7.9 92 72 17 78 1.0 71 312
Merrimack River estuary near Top 12.1 16.8 25.7 16,200 42,000 44,400 7.3 7.7 103 7.7 7.9 8.0 9.5 27.2 28.7
Buoy 15, Newburyport, MA  goom  10.8 164 257 16200 44200 47,800 7.2 7.7 106 7.7 7.9 80 95 286 312
Merrimack River estuary near  Top 132 159 21,5 29,400 38,800 47,800 7.3 77 102 79 79 80 175 246 311
Lunt Rock, Salisbury, MA Bottom  11.6 158 213 29,900 43400 47,800 73 77 103 79 79 80 186 278 312
Merrimack River estuary near ~ Top 125 162 208 25400 43400 47,700 7.3 78 103 78 79 80 162 281 311
Salisbury Beach State Park,  pottom 99 162 204 28,000 45700 47,700 7.3 78 107 78 79 80 170 297 311
Salisbury, MA
Merrimack River estuary near ~ Top 154 168 241 22300 36,5500 47,400 6.5 76 100 75 79 80 136 232 309
Plum Island, Newburyport, Bottom  10.6 163  21.0 28,500 46,400 48200 7.4 77 105 78 79 80 176 277 315

MA

8l

020z 1aquiaydag o) aunp ‘spasnyaesse ul 13A1Y HIRWLII 3y} Jo Ajjeng-1a)epy



Table 9. Summary of measurements of field-collected continuous water-quality properties at monitoring stations on the Merrimack River in Massachusetts from June to

September 2020.
[°C, degree Celsius; mg/L, milligram per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius; PSU, practical salinity unit; —, no data]
Sensor Water temperature Dissolved oxygen Dissolved oxygen, Specific conductance Salinity
Monitoring depth (°C) (mg/L) percent saturation (pS/cm) (PSU)
station name in water ) ) . ) . . . . . .
column in Median Max Min Median Max Min Median Max Min Median Max Min  Median Max

Merrimack River near Top 19.5 25.5 29.4 6.5 8.6 11.9 = = = = — = = — —
Tyngsborough Bridge,  ytom 19.5 23.7 28.0 0.0 6.6 9.1 0 75 104 151 219 313 0.1 0.1 0.1
Tyngsborough, MA

Merrimack River at Top 20.0 25.6 298 6.5 9.0 14.0 — — — — — — — — —
Lowell Motorboat Bottom 200 250 284 42 7.7 104  — — - = — — — — —
Club, Lowell, MA

Merrimack River near Top 20.1 25.5 28.6 6.5 8.4 11.6 — — — — — - — — —
Aiken Street Bridge,
Lowell, MA

Merrimack River Top 17.3 24.4 28.1 5.1 7.8 11.8 — — — — — — — — —
near power lines, Bottom 171 237 280 34 6.7 101 — — e — - — — —
Methuen, MA

Merrimack River at Top 18.2 23.5 29.5 6.3 8.4 13.0 = = = = — = = — —
Bashara Boat House,  potom 249 264 275 50 6.6 82 63 82 105 194 228 252 0.1 0.1 0.1
Lawrence, MA

Merrimack River down-  Top 16.5 242 289 32 6.3 9.0 36 68 106 328 355 564 0.2 0.2 0.3
stream Stanley Island,
Haverhill, MA

Merrimack River Top 21.6 25.4 29.4 5.3 8.0 11.1 63 98 139 253 347 9,670 0.1 0.2 5.4
near power lines, Bottom 21.6 25.4 29.4 5.1 7.9 10.9 61 97 137 247 349 12,500 0.1 0.2 7.2
Merrimac, MA

Merrimack River at Top 20.3 25.2 29.4 6.6 8.3 10.9 — — — — — - — — —
Goodwin Creek, Bottom 183 248 294 54 8.3 109 — — - = — — — — —
Amesbury, MA

Merrimack River at Top 12.6 20.0 28.1 7.0 8.8 11.5 — = = = — = = — —
Bridge Marina, Bottom 113 187 280 69 9.0 1 — — - — — — = — =
Salisbury, MA

Merrimack River Top 11.3 18.5 27.4 6.7 9.3 11.2 — — — — — — — — —
estuary near Buoy 15, Botom 113 178 272 6l 9.5 13 — — R — — - — — -

Newburyport, MA
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For more information, contact

Director, New England Water Science Center
U.S. Geological Survey

10 Bearfoot Road

Northborough, MA 01532
dc_nweng@usgs.gov

or visit our website at

https://www.usgs.gov/centers/new-england-water
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