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Report Purpose

This report presents the water quality, streamflow, bacteria, and aquatic plant biomass data OARS collected
on theSudbury Assabet, and Concordrers and tributary streams 2025 It also summarizes and evaluates
trends in the data between 1992 @06@5 The data collectedre intended for use byunicipal employees,
engineers and consultantgnservatiorcommission members, local environmental organizations and
professionals to make progress towards a healthier watershed. This report is intended to display the data
collected to provide context that increases its usefulness for environmental bearedite, communicate

results in a format that is understandable for community members to feel empowered to serve as stewards of
the watershed.

Since OARSwas foundedlO years ago, major progress has been made for the water quality of the watershed
in general. Eutrophication and phospimlevels have been reduced, aigbolved oxygehas increased in

most areasThis report will discuss thmost pressingngoingthreats to water qualityvhich includethe

following: drought,wastewater treatment plant discharge, combined sewage ovelosedi, bacterial
contamination, rising water temperaturasdincreasingconductancérom road saltMore detailsare laid

out in the body of the report.

Water quality reports for 1992 0 25 ar e av ai | a bdam3rivens.or@ohmBri/riveve bsi t e (
science/waterquality/water -quality -reports/). All data are available upon request.

2025 Impact Numbers

400+

water chestnut rosettes pounds of trash water quality samples
removed removed collected

14 ] 6

bacteria monitoring sites Hudson water quality chlorophyll sites
special study sites

S Sili 64

water chestnut community events & Concord River Race
pulls programs participants
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Report Summary

OARS conducts water quality, bacteria and streamflow monitoring on the mainstems and large tributaries of
the Sudbury, Assabet, and "Cansecutive ybar collectiogvwater qually2 5 wa
data and its'7year collectinge. colibacteria data. Water quality data were collected at 25(Fiigsre6).
Bacteria data were collected & dites (Tablet). Eight additional sites were monitored for water quality
three times as part of a special study of water quality in Hudsguarg §.

The 2025 OARS Water Quality Monitoring Report documents both encouragingelaongmprovements

and continuing environmental stressors across the Sudbury, Assabet, and Rbreroncitershed.

Monitoring results show that nutrient pollution and dissolved oxygen conditions have improved substantially
sincethe OARS water quality program started monitoring the Assabet River in @8gding concerns for

water quality includelrought, warming water temperatures, road salt contamination, bacteria pollution
combined sewage overflows and wastewater treatpientdischarges

Climate, Hydrology, and Streamflow

Drought conditions in the SudbuAssabetConcord Watershed weadnormally dry to moderate drought
conditionsin 2025 Summer streamflow was below average compared tetkyngrecords dating back to

1980, while groundwater levels steadily declined through the summer and infovéathge summer air
temperaturebave increased neard/F since 1999 at Bedford Hanscom Fidlithese warmer and drier
conditions the pollutant load is present at a higher concentratibith canincrease stress on aquatic

organisms and intensify water quality impairmehtswy-flow conditions were especially important because
wastewater effluent makes up a larger proportion of river flow during drought periods. Reduced groundwater
recharge andnthropogenigvater withdrawals continue to threaten summer baseflow conditions that are
critical for maintaining aquatic habitat and water quality.

Water temperatures

Water temperaturegmained elevated across many river sections during the summer monitoring season.
Warm temperatures reduce dissolved oxygen availability and can stress aquatic life, particidlavter

species such as brook trout in tributary streams. Several tributaries already listed by MassDEP as impaired
for temperature continue to fa@niperaturehallenges

Conductance

Conductanceesults continued to show evidence of chronic road salt contamination throughout the
watershed, especially in urbanized tributaries and areas influencedjtryroadsElevatedconductancand
chloride concentrations were notable in tributaries such as Hop Brook and River Meadow Brook. Chloride
contamination remains one of the clearest {®1gn increasing trends in the watershed and poses risks to
freshwater organisms, especially duringnigr and spring runoff periodslany sitesexceeded EPA chronic
exposure guidance valugsthe 2025 specificonductancelata.

Dissolved oxygen

Dissolved oxygen conditions have improved over the-kemgn data recordgompared to historical

conditions before controls were implemented at wastewater treatment Btantsriver sectiondhowever,
still hadlow dissolved oxygen during ti#25summer growing season, especially in slowsving, dam
impounded reachesitlr excessive plargrowth Eutrophication continues to contributedissolvedoxygen
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depletion in portions of the Assabet River system. Drought and warm water temperatures likely intensified
dissolvedoxygen stress during 2025.

Acidity (pH)

Most monitoring sites remained within Massachusetts Class B water quality standards for pH, though
elevated pH values continued to occur in some nutgerithed river sections during periods of high aquatic
plant productivity. These elevated pH condii@re associated with photosynthesis during algal blooms and
excessive growth, especially in slomoving, damimpounded river reaches.

Phosphorus& Orthophosphate

Phosphorus reductiomas beem ne of t he wat er shedOoesSmeaphosphorinivi r onn
discharge limits were strengthened beginning in the 1990mastivastewater treatment upgrades were

completed by 201, total phosphorus concentrations hamprovedin the Assabet River system. Loteym

graphs show large reductions in summer phosphorus concentrations after implementation of stricter
wastewater discharge limits.

Despite these improvements, phosph@astinues to driveutrophication in many river reaches.
Orthophosphate, the biologically available form of phosphorus, continues to contribute to aquatic plant and
algal growth. The report notes that sediment phosphorus release and legacy nutrient storage in impounded
sectons still affect river conditions, especially during warm summer periods with low flow.

Nitrate & Ammonia

Wastewatetreatment plant dischargesntinue to influence nitrate concentratioespeciallydownstream of
major treatment facilities on the Assabet RNEPA regional reference conditions list median summer
nitrate concentrations around 0.43 mg/L, but downstream wasteintiiienced sites often exceed this level.
Long-term analyses showed that wastewater effluent continues to be a dominant source of dissolved
inorganic nitrogen in several river sectioRkst Assabet sites havdtrateconcentrations an order of
magnitude greater than the Ecoregion reference condition of 0.34 mghL Gor + NM©ON) (EPA, 2000).
Nitrate concentrations generally increased duringflow periods when wastewater represented a larger
percentage of streamflokkmmonia concentrations were generally low and much improved compared to
historical conditions, reflecting advances in wastewater treatment technology and permit requirements.

Total suspended solids

Total suspended solids loadse associated with periods of elevated precipitation and stormwater runoff.
Underthe 2025drought conditions, some siteBowedower suspended sediment concentratibias the
previous yearlikely due toreduced runoff inputs.

Chlorophyll-a

Chlorophylla 2025datawere high in the lower Sudbunyjth most or all measured levels exceeding the

50th percentile for data Reference Conditions for Ecoregionof#/00mg/L at sites along the lower

Sudbury High Chlorophylta levels indicateelevated algal productivitAlthough phosphorus reductions

have improved conditions compared to past decades, nuisance plant growth and algal blooms continue
especiallyin impounded sections of the Assabet and Concord rivers. Invasive aquatic plants such as water
chestnut, Eurasian milfoil, fanwort, and culaf pondweed &temain widespread.
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Bacteria

The Sudbury, Assabet and Concord Rivers are considered safe for secondary recreation, which includes

boating and fishing but not eating the fish. Some sites, however, fail to meet safety thresholds for swimming.

At three sitesk. coliexceeded the MA Surface Water Quality Standard based on primary contact
(swimming)calculated using the geometric medmata: Rt. 135 in Ashland (SURB6), Rogers St Bridge

in Lowell (CND-009) and Lawrence St. in Lowell (RVI01). These three areas do not offer public
swimming areas. On the one tributary stream monitored in Z202%li concentrations at the River Meadow
Brook site at Lawrence St., Lowell (R\VMBI01) exceeded the Massachusetts Secondary Contact
Recommendation (boating) calculated with th@a&mple Running Geometric Mean. Higrecipitation days
during lowprecipitation yees tend to have highest medi&ncolilevels.

Conclusions

O A R Sodgtdrm watershed restoration efforts have produced meaningful improvements in river health,
especially through reductions in phosphorus pollution and improved wastewater treatment practices.
However, many river segments remain classified as impairetbdar@yoing issues including bacteria
contamination, chloride pollution, nutrient enrichment, invasive species, dissolved oxygen stress, and
warming temperature® A R @5datademonstrate how drought and climate change can intensify

existing impairments by reducing streamflow and increasing nutrient stress on aquatic ecosystems.
Continued monitoring, infrastructure upgrades, stormwater management, and watershed stewardiship rema
essential for protecting the lofigrm health of the Sudbury, Assabet, and Cone@tgrshed

Water quality and bacteria data, collected undefbea | i ty Assurance Project Pl

Quality and Quantity Monitoring Prograf©ARS, 2024), may be used by EPA and DEP in making

regulatory decisions. The goals of OAd®Btendsiothe t or i

condition of the rivers and their tributaries, to provide sound scientific information to evaheaseipport
regulatory decisions that affect the rivers, and to promote stewardship of the rivers through volunteer
participation in the project.

Figure 1 OARS volunteers participate in a water
chestnut pull to reduce invasive plants.

.
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Introduction 5 ‘.o 2dkna

OARS isan innovativenonprofit organization whose
mission is tgorotect, improve, and preserve the
Sudbury, Assabet, and Concord rivers and watershe ER—
for all people and wildlifeWe are working to support & 4
watershed with resilient streams and rivers that provi et f,i,f,‘,’;,msm hse
healthy wildlife habitat, water supplies, beauty, j e
education, and recreational opportunities for all.
Established in 1986 as the Organization for the Assa
River (OAR) by a group of concernadsidentsOAR
added the Sudbury and Concoiers to its mission in
2011, becoming OARS

Pemigewasset

Located in eastern Massachusetts, the Sudbury,
Assabet, and Concord (SuAsCo) rivers collectively
drain a 399%quaremile watershed that flows
northward into the Merrimack River at Lowellhe
rivers provide habitat for a variety of native species,
including Eastern Brook TrouRaintedTurtles
crayfish, blue herons and a variety of birds, beavers, et o
river otters, and muskrats. ' 3/ ¥

Themainstentivers, particularly the Assabdtave
sufferedfrom culturaleutrophicatiorcaused by exces Figure 2 The Concord Watershed flows into the
nutrientscomingfrom point and no#point sources and Merrimack River as part of the greater Merrimack

from the soft sediment®uring the growing sason watershed. Image credit: Karl Musser based on
excess nutrients, phosphorus in particlayefueled USGS data.

nuisance algal anghacrophyticplant growththat

interferes with recreational use of the riveeaind causedaily variations indissolved oxygewgoncentrations
and pHthat reduce thhabitatquality for aquatic life When the algae and plamtscay they generatstrong
sewagedike odors, can lowerdissolved oxygetevelsin thewater columpand impairthe aesthetics and use
of the rives. Invasive aquatic plants are also a problem throughout the watefstee8udbury River has a
long history of invasive water chestniirépa natan} and efforts to remediateiiproblem have been
underway for many yearSignificant water chestnut infestations are also common on the Concord River,
particularly in the Billerica impoundment, and in
sections of the Assabet Rivdownstreanof Hudson
Other invasive aquatic plants include Eurasian
milfoil, fanwort, and curly leaf pondweed

Underthe federalClean Water Act (Section 305b),
states are required to evalu#tiecondition of the
stateds surface and groundw
ability to support designated usesach as fishing and
swimmingas defined in each of
water quality standard$he published Daft
. _ Massachusetts Integrated List of Waters for the Clean
Figure 4. The Sudbury, Assabet and Concord rvers \yatar Act20252026 Reporting Cycleglentifies
provide habitat for native species like the Eastern most assessed seaments of the Assabet Concord. and
Brook Trout. Photo Credit: Bill Byrne . 9 : . ! !

Sudbury rivers and many tributaries as Category 5
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impairedwaters n t he

|l mpaired

Waters List as

impairments (MassDEP, 2023)his most recent repoftom MassDEP segmentaahpairments by

Assessment Unand alsaclassifies several Concord River segmefas PFAS fish tissue impairmentfable

1 provides a list of impairments by waterbody.

Table 1: Category 5 impaired waterwayst

Category

Waterbody

Category 5 Impairments

AssabeRiver

Various including: Escherichia cole( coli), fecal coliform, benthig
macroinvertebrates, fish bioassessments, nutrient/eutrophicatic
biological indicators, dor, phosphorus, trastjssolved oxygen
and invasive species

Concord River

Various including: Escherichia cok( coli), fecal coliform,
mercury, chloride, trash, nutrient/eutrophication biological
indicators, turbidity, invasive species, and PFAS in fish tissue

bridge)

Sudbury River (d.s. of Fruit St.

Various including: mercurydissolved oxygerEscherichia colif.
coli), and benthic macroinvertebrates

Beaver Brook

Escherichia coli. coli), dissolved oxygen

Broad Meaow Brook

Escherichia coliE. coli), dissolved oxygerbenthic
macroinvertebrates

Cochituate Brook

Escherichia coliE. coli), trash, benthic macroinvertebrates,
nutrient/eutrophication biological indicators

Cold Spring Brook

Dissolved oxygenbenthic macroinvertebrates

Coles Brook

Escherichia coli. coli), chloride

Eames Brook

Benthic macroinvertebratesjar, nutrient/eutrophication biologica
indicators, trash

Elizabeth (& Assabet) Brook

Escherichia coliE. col), benthic macroinvertebrates

Hop Brook in Northborough

Benthic macroinvertebrates, chloride

Hop Brook in Sudbury

Phosphorugjissolved oxygemutrient/eutrophication biological
indicators, benthic macroinvertebrates, Escherichia EokE@li),
turbidity, suspended solids, and pH

Nashoba Brook

Escherichia coli. coli),temperature, benthic macroinvertebrate

North Brook

Temperature

Pantry Brook

Fecal coliform

Picadilly Brook

Temperature, fish bioassessments

River Mealow Brook

Escherichia coliE. coli), fecal coliform, temperature, trash, bent
macroinvertebrates, chloriddissolved oxygen

Whitehall Brook

Benthic macroinvertebratedissolved oxygen

1 Source: published Draft 2022026 MA Integrated List of Waters.
https://www.mass.gov/doc/massachusdteftintegratedist-of-watersfor-the-cleanwateract 20242026

reportingcycle/download
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History of Wastewater Treatment in the Watershed

Nutrientlimits were first set for the Assabet River wastewater treatment plants (WWTPSs) in 1993, seven
years after OAR was establish&the Environmental Protection AgengizPA) andMass Department of
Environmental ProtectioMassDEP)set summer discharge concentration limits of 1.0 mg/L for all four
plantsthat were active at this timand by 2000all plants reported average summer concentrations below
1.0 mg/L achieved through waste treatment with ferrous sulfate, ferrous chloride, ferric chloride, and/or
alum
‘ ‘ Bk The Assabet River Total

[Dcal NeWS SRR Maximum DailyLoad for

5§ ‘ Total Phosphorustudy
- corfirmedthat the majority
of the nutrients entering the
AssabeRiverwere coming
from the wastewater
treatment plants that
discharge treated effluetd
the river(MassDEP, 2004
Wastewaterreatment
plantswere the major
source ofOrtho
phosphoruswhich isthe

RSP0

HUS

iver extends @ sfinging
wolcome. hews Pt by John cOvwant)

Figure 5. Before nutrient limits were set for the Assabet River wastewater bioavailable form of
treatment plants in 1993, people used to call it the cesspool of Massachusetts « phosphorusWhile non-
to plant growth from eutrophication. point sourcesontributed

nutrientsvia stormwater
runoff, theycontributel significantly less thathe point surces The 2004study concludethat reductionén
nutrient loads from both point and npoint sourcesvould be required to restore the Assabet RiveClass
B conditions MassDEPand EPA dopted a twephased adaptive management plan to reghosphorus
loads in the Assabedn Phase Jllowersummertimeotal phosphorus discharge limag0.1 mg/Lwere
required athe four majomwastewater treatment planMethods tdimit nutrient flux from thenutrientrich
sedimentshataccumulatén theimpounded river sectiongerestudied

The Assabet River, Massachusetts, Sediment and Dam ReS8tadgéxamined sediment dredging, dam

removal, and lowewinter phosphorus discharge limés way=f controlling the annugdhosphorusoading

from the sediment®ACOE, 2010) The study concludéthat: (1)dredging would achieve, best,shortterm
improvements(2) phosphorus discharge from thvastewater treatment planh the winter contributes to

the annual phosphorus budget for the Assabet and, therefore, decreased winter phosphorus discharge limits
would be another way to control phosphdasding to the systepand (3)dam removal plus the Phase 1
wastewater treatment plaplhosphorus discharge reductiamsuld nearlymeet theMassDER2004) goal of
reducing the sediment phosphorus contributio®®3, achieving an estimated 80% overaltiudion.

Upgrades tahe four municipal wastewater treatment plants that discharge to the Assabet River were
completedoy thespring of 2012Hudsonin September 2009, Maynard in spring 20M&rIborough
Westerly and Westborough épring2012 The Marlborough Easterly plgrtischarging to the Sudbury
Rivervia Hop Brook finished required upgrades by spring 20@4th the upgrades complete, all the
treatmenplant currentlymeeta summer total phosphorus discharge limit of 0.1 migilPhase 2f the
adaptive management plalassDEPandEPA were tasked with jointly deciding what additional
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phosphorus treatment would be needed for the Assabet to meet water quality stémédagsthey took
the next step afeducing the winter phobprus discharge limfrom 1.0 mg/Lto 0.2 mg/I?, and as 02025
Mar |l borough Easterlydés summeosr discharge | imit was

The existing bagw in the Assabetand its tributaries must be preservedrderfor the nutrientoad

reductonpr oposed i n the stateds ToeffativelyVestaré atemguabtyain |y L
the mainstemBaseflow the flow of groundwater into the streams, is critical during the surangbis

essential to diluting the effluent discharged to the rivEie.a r eveatersesources are under the straiarof
increasing demanfir water supply andentralizedvastewatetreatmentwhich results irthe netossof

waterfrom manysubbasinsandreducedaseflow in the mainstem and tributari8sfficient sreamflow
levelsthroughout the yearecritical to supporting fie and other aquatic life

2 Marlborough WesterlyWastewater Treatment Pldimhit 4.8 Ib/day, which corresponds to 0.2 mg/L at design flow

2
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Figure 8. Town of Hudson special study water quality site map.
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Table 2: OARS 2025Water Quality Monitoring SitesList

Sampling Dates

Gage reading

OARS SSite #|Waterbody Site Description Municipality SARIS # |Lat/Lon Junedul/[ May/ | Nov/ | jstreamflow*
Aug Sept | March

CND-009 |Concord River Rogers Street Lowell 46500 42° 38' 09"-71° 18' 05" 6] O 0 (USGSgage)

CND-036 |Concord River Bristol & Amherst Streets |Billerica 46500 42° 35' 59"[-71° 17" 49" 6]

CND-110 |Concord River Route 225 Bedford 46500 42° 30' 33"/-71° 18' 51" 6]

ABT-026 Lower Assabet Route 2 Concord 46775 42° 27' 57"[-71° 23' 28" o] o] 0

ABT-062 Lower Assabet Route 62 (Canoe access) |Acton 46775 42° 26' 27"[-71° 25' 46" @)

ABT-077  |Lower Assabet USGS Maynard Gage Maynard 46775 42° 25' 55"-71° 26' 59" 6] O 0 (USGSgage)

ABT-144 Upper Assabet Route 62 (Gleasondale) Stow 46775 42° 24' 16"/-71° 31' 35" O

ABT-237 Upper Assabet Robin Hill Road Marlborough 46775 42° 20' 48"[-71° 36' 53" 6]

ABT-301 Upper Assabet Route 9 Westborough  |46775 42°16'59"/-71° 38' 19" 0 0 0

ABT-312 AssabeHeadwater [Mill Road Westborough  |46775 42°16'10"-7 1 A 3 8N o) o) 0] o)

SUD-005 Lower Sudbury Route 62 (Boat House) Concord 47650 42° 27' 30"/-71° 21' 59" 6] O 0

SUD-064 Lower Sudbury Sherman Bridge Road Wayland 47650 42° 23" 47"[-71° 21' 52" 6] 0

SUD-086  |Lower Sudbury River Road Wayland 47650 42° 22' 26"-71° 22' 54" 6] 0

SUD-096 Lower Sudbury Route 20 Wayland 47650 42° 21' 49"/-71° 22" 31" o] o]

SUD-144  |Lower Sudbury Sudbury Landing Framingham  |47650 42° 19'32"/-71° 23' 51" o] 0 0 (USGSgage)

SUD-236 Upper Sudbury Chestnut Street Ashland 47650 42° 15' 27"[-71° 27' 18" 6]

SUD-293 Upper Sudbury Fruit Street Southborough (47650 42° 16' 03"/-71° 33' 09" O O 0 0

DAN-013 |Danforth Brook Route 85 Hudson 47275  [42°24' 14"1-71° 34' 29" 0 0 0 0

ELZ-004 Elizabeth Brook White Pond Road Stow 47125 42° 25' 36"/-71° 29' 07" O o] 0

HOP-011 Hop Brook N'boro Otis Street Northborough (47600 42° 21' 26"-71° 37' 46" 0 0 0 0

HBS-016 Hop Brook Sudbury [Landham Road Sudbury 47825 42°21' 26"-71° 24' 11" 6] 6] )

HBS-098 Hop Brook Sudbury [Route 20 Above Hager Pon{Marlborough 47825 42° 21' 03"/71° 29' 26" 6]

NSH-002 Nashoba Brook Commonwealth Ave. Concord unnamed (42° 27' 32"/-71° 23' 50" 6] 0 0 O

NSH-047  |Nashoba Brook Wheeler Lane Acton 46875 42° 30' 43"-71° 24' 17" 6] 0 6] (USGS gage)

RVM-005 |River Mealow Thorndike Street Lowell 46525 42° 37' 55"/-71° 18' 32" o) O 0 O

* USGSgageindicates that data is collected from USGS-teak gaging stations vidSGS National Water Information System (NWISARS Gages are maintained and read manuallARS volunteers anstaff.
** USGS gage at Mill Road, Westborough, is no longer availabléherrealtime USGS NWS website;age ismaintained andead by OARS.
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Table 3: OARS Hudson Water Quality Special Study Sitelist, 2025

(S)itAe R#S Waterbody Description Municipality |Lat/Lon
ABT-156 Upper Assabet |WWTP, Hudson Hudson 42° 24' 13"/-71° 32' 12"
DAN-005 |Upper Assabet |Main St. Bike Path Hudson 42° 23'32"/-71° 33' 12"
DAN-001 |Upper Assabet |Wheeler Road d 42° 23'12"/-71° 33" 41"
Conservation Land Hudson
HOG-002 Hog Brook Foss Conservation LanqHudson 42° 22' 51"[-71° 34' 57"
ABT-192 Danforth Brook |Bruces Pond Outlet Hudson 42° 23' 23"/-71° 33' 60"
ABT-1761 |Upper Assabet |Apsley St Bridge Hudson 42° 23' 46"/-71° 34' 00"
ABT-170 Upper Assabet [Rt. 85Bridge Hudson 42° 24" 14"[-71° 34' 29"
DAN-013 [Danforth Brook |Tripps Pond Hudson 42° 23' 23"-71° 34" 34"
Table 4: OARS Bacteria Monitor ing SitesList, 2025
gitAe R#S Waterbody Description Municipality |Lat/Lon
ABT-077 |Lower Assabet RiverlUSGS Maynard Gage Maynard 42° 25' 55"/-71° 26' 59"
ABT-176 [Upper Assabet River\Wheeler Road Hudson 42° 23' 14"/-71° 33' 39"
CND-009 [Lower Concord RivelRogers Street Lowell 42° 38' 09"/-71° 18' 05"
CND-093 [Upper Concord RivelConcord River at Rt. 4 Billerica 42° 32'09"/-71° 17' 57"
RVM-001 |River Mealow Brook (645 Lawrence St. Lowell 42° 37'60"/-71°18' 11"
SUD-144 [Lower Sudbury RivellSudbury Landing Framingham|42° 19' 32"/-71° 23' 51"
SUD-236 |Upper Sudbury RiverjChestnut Street Ashland 42° 15' 27")-71° 27' 18"
ABT-033 |Lower Assabet River|Rt. 62, W Concord Concord 42°27' 19")-71° 23' 24"
ABT-079 [Lower Assabet RiverfWalnut St Bridge Maynard 42° 25'51")-71° 27" 12"
ABT-080 |Lower Assabet RiveriMain St & Walnut Maynard 42° 25' 54"[-71° 27' 19"
ABT-084 [Lower Assabet RiverMaynard Town Hall Maynard 42° 25' 43")-71° 27" 42"
ABT-089 |Lower Assabet River|Rt. 117 Maynard 42° 25' 28"[-71° 28' 07"
SUD-177 |UpperSudbury Kellog Street Framingham|42° 23' 41"/-71° 25' 51"
SUD-004 [Lower Sudbury Nashawtuc Road Concord 42° 27' 30"/-71° 21' 33
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Water Quality Monitor ing
Water Quality Sampling Methods

Trained volunteers and OAFstaff monitoed
water quality at siteghroughout the watershed
(Figure®6, Table2). Each sitevas assigned a threef
letter prefix forthe waterbody name pltisree :
numbes designaing river miles(to one decimal)
above its confluence with the next stre@irable
7). Water quality monitoringvas conductedne
Sundayeach month itMarch May, June, July,
August, September, and Novemb&lt siteswere
sampled in June, July, and AugustMarch, May,
September, and November, osllected sites
were sampledFromthe growing season dflay to
Septembemonitoringwas conducted between =i
6:00am and 930 am to capture the diurnal low in
dissolved oxygemeadingsin the norgrowing
seasonwhendissolved oxygexoes not vary
dramatically over the daynonitoringwas
conductedefore12:00 pm. Streamflowwas either
calculated from stage readingsOARSOgagesusing stage/discharge rating curves develgeethe United
States Geological Survey 5G9 standards (Rantz, 1983moot, 1968pr recorded from the USGS real
time gagewelsites

Figure 9. Trained volunteer Patrick Thayer collects a wate
quality sample.

Nutrient chloride,suspended soligand chlorophyla samplesvere taken using bottles supgali bystate
certified laboratoriesinder contract with OARSNnd were stored in the dark on ice during tpansfrom the
field to the lab Samplesvere delivered to the lalithin 26 hours of collectiorandanalyzedwithin their
respective holdimes Chlorophylla samplesvere delivered to the lalithin 6 hours of samplingn situ
readings of temperaturdissolved oxygenpH, andconductancevere taken using muifunction YSIPro-
series o6-series meterdre- and postcalibrationwasdone by OARS staffTo ensure that samples were
representative dhe bulk flow of the riverbottle samples antdeterreadings were taken from the main flow
of the iiver at6i 12 incheslepth by wading, using a pole, or by lowering the meter from a biigdicate
field samples andistilled waterfield blankswere taken for 10% dhe samplego ensure high quality data
collection methodsTable3 summarizes the parameters measured, laboratory metimatiequipment used
Detailed descriptions of sampling methods and quality control measures are availab{@uality
Assurance Project Plan for OARSO& Waavalable @ueguestt y
(OARS, 20%).

an
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Table 3: Water Quality Sampling and Analysis Method2025

Analysis Method Equipment Range/ Samplin
FEIEUEL / # Igep%rting Lim?ts EquipFr)negt LeloerEiios
Water Temperature -51 45 degrees C YSI multi-par. sonde
pH 0i 14 units YSI multi-par. sonde ---
Dissolved oxygen 01 50 mg/L YSI multi-par. sonde -
Conductance 0i 10,000 pS/cm YSI multi-par. sonde
Total Suspended Solids SM 2540D 51 100 mg/L bottle Pace Analytical
Total Phosphorus SM 4500-P-E 0.017 1 mg/L bottle Pace Analytical
Orthophosphate SM 4500-P-E 0.005i 1 mg/L bottle Pace Analytical
Nitrate-N SM 4500-NO3-F 0.17 10 mg/L bottle Pace Analytical
Ammonia-N SM 4500-NH3-BH 0.075i 10 mg/L bottle Pace Analytical
Chloride EPA 300.0 171 1000 mg/L bottle Pace Analytical
Chlorophylli a SM 10200-H(3) 2i 100 pg/L bottle Pace Analytical

Bacteria Sampling Methods

Trained water quality volunteers collected bacteria samples on nine sampling days at Talsiee3. (The sites were

selected with the objective of evaluating recreational areas of the rivers and monitoring populated areas with suspected
pollution sourcesBacteria monitoringvas conducted two Mondays per moritbm May to September between 6:00

am and3:00am E. colisamplesvere taken using sterile bottles supplied bystse certified laluinder contract with

OARS andwere stored in the dark on ice during transport from the field to thé&Skmplesvere delivered to the lab

within 6 hours of collection and analyzed witt8hoursof collection To ensure that samplesre representative of the

bulk flow of the river, bottle samplagere taken from the main flow of the riversik inchesdepth by wading or using

a pole Duplicate field samples and field blanksstérilewater were taken for 10% of the samplEsble4 below

summarizes laboratory methods and equipment. idetdiled descriptions of sampling methods and quality control

measures are availabletreQu al i ty Assurance Project Plan for OARS®& W
Program(OARS,2024).
Table 4: Bacteria Sampling and Analysis Methods
Parameter Analysis Method # ngpmgnt Rgnge/ Sar_npllng Laboratory
eporting Limits Equipment
E. coli SM 9223-B (IDEXX Colilert) 1 MPN/100 mL * bottle Nashoba Analytical

* MPN = most probable number
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Water QualityReviewMethods

Water quality measurement®re compared with th2021 Massachusetts Wat®uality Standards
(MassDER2021) (Table5). For nutrient concentratior@/here the Massachusetts standard is narjative

resul ts

wer e Cc GadBaotkbe d owiatl h plRPA phorus criteri

data for Ecoregion XIV subregion 59 (EPA, 2000able6). All mainstem river sections are designhated
Class B waters, and all except for therer Sudburyare Warm Water fisherie$he lower Sudburyas a
reducedAquatic Life designation, which applies ClasgiSsolved oxygemand temperature critetidhe MA
Division of Fisheries and Wildlife list33 tributary streams in the basin &oldwater Fish ResourcéSFRs)
(MassDepartment of Fish and Wildlif@@25). SeeAppendix VI. for water quality designations by river
segment anthe list ofcold-watertributaries

For data analysis, the water monitoring sites are divided into sections: (1) Upper Assabet mainstem, (2)
Lower Assabet mainstem, (3) Upper Sudbury mainstem, (4) Lower Sudbury mainstem, and (5) Concord
mainstem. Tributary sites are analyzed individuallybTiary and mainstem basin characteristics calculated
t he

using

USGSO0s StreanmPperdixhk program are avali

Table 5: MassDEPClass BWater Quality Standards and Guidance (MassDEP, 2(21)

a

Standard / Guidance Standard / Guidance

IS Class B Class B fAAgquatic
Dissolved oxvaen O 5.0 mg/l for warm water ff 050mgl/l 16 hours of any 24-hour
Y9 O 6.0 mg/l for cold water flperiod and O 3.0

M7DM* <28.3 C and D < 2.8 C for warm water fisheries

Temperature M7DM* <20.0C and D < 1.7°C for cold water fisheries ©29CandDO 2C 8
pH 6.51 8.3 and < 0.5 outside the natural background range
Nutrients Acontrol cul t urfGold Boeki*tstanolgrchTP & @.G5 img/Irfod rivers entering a lake

or impounded section

Suspended Solids

Aifree from floating, suspended and settl eal

would impair any use assigned to thiscl as s 0

All surface waters shall be free from pollutants in concentrations or combinations that settle to form

Aesthetics objectionable deposits; float as debris, scum or other matter to form nuisances; produce objectionable odor,
color, taste or turbidity; or produce undesirable or nuisance species of aquatic life.
Primary Contact: Geometric Mean < 126 CFU/100 ml and 90% of samples < 410 CFU/100 ml
E. coli Secondary Contact: Geometric Mean < 630 CFU/100 ml and 90% of samples < 1260 CFU/100
ml
Chloride EPA Recommended Criteria*** < 230 mg/L chronic exposure, < 860 mg/L acute exposure.

* M7DM i Mean of Zday daily maximum
** EPA, 1986, Gold Book.
*** EPA, 2002, National Recommended Water Quality Criteria

Table 6: ReferenceConditions for EcoregionXIV (subregion59) Streams (EPA, 2000

Nutrient Parameter 25th percentile of summer data 50th percentile of summer data
Total Phosphorus 0.025 mg/L 0.050 mg/L
Orthophosphate 0.010 mg/L 0.025 mg/L

Total Nitrogen 0.44 mg/L 0.74 mg/L

NO:z + NOs (as N) 0.34 mg/L 0.43 mg/L

Chlorophyll-a (Spec A method) 2.00 ng/L * 4.00 ng/L *

* Chlorophylla dataareavailable only for subregion 63
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Climate androught Conditions

Air temperatures

The summer 02025showedhigh summer temperaturesompared to historic averagésgure9). Warm
summertemperaturegicrease evapotranspiration and deplete both soil moisture and groundwater recharge
Mean winter o2025temperatures were lower thaf24 and 2023Air temperature data from the Bedford
Hanscom airfield shosa nearlyfive-degree~ahrenheitncrease in the trend line of average summer air
temperature since 199Bigure9).

Mean Summer Air Temperature (Jun/Jul/Aug) y = 0.1105x + 68.837
74.0 R2 = 0.2933
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Figure 10. Annual summer and winter air temperature (1999 2025), NWSdata, Bedford Hanscom Field,
Bedford, MA

Precipitation

Most of 2025was classified as abnormally dry or moderate drought conditions within the Stilaalyet
Concord (SuAsCo) Watershed, according to the U.S. Drought MoRiguireé 11). Precipitation influences
water quality conditions throughout the watersi@dRS data show howrecipitation, and the associated
increasen stormwater runoff and streamfla@ndcorrelatepositivelywith concentrations of total suspended
solidsandtotal phosphorus and negatively with nitra&amples collected during rising streamflow
conditions may capture the Afirst flushod runoff e
streams during a storm eveReduced streamflow can contribute to elevated contaminant concentrations
because there is less dilution from precipitation and runoff inputs.

11
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Total Summer Precipitation (Jun/Jul/Aug)

y =0.0139x + 11.037
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Figure 12 Annual summer precipitation (1999 2025, NWS data, Bedford Hanscom Field Bedford,

MA
HUC 01070005 (Concord) Percent Area in U.S. Drought Monitor Categories
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From the U.S. Drought Monitor website, https://droughtmonitor.unl.edu/DmData/TimeSeries.aspx, 2-26-2025

Figure 11. U.S. Drought Monitor status 2025for Concord watershed
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Mean Daily Depth to Groundwater at USGS Groundwater Well, Acton, MA
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* Mean Daily Water Level

o = Historic Mean Level (1963-2020)

© Level on OARS sampling date
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Figure 13. Mean daily groundwater depth at USGS groundwater well in Acton
2025 Daily Precipitation for SuAsCo Watershed
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Figure 14. Daily rainfall ® with sampling dates

3 Daily rainfall sourced from CoCoRaHS, for box bounded by 42.22857/0227 and 42.51768/.31912
cocorahs.org/ViewData/
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Streamflow

The2025mean summestreamflomwvas below averageompared to datsince 198qFigure14). Mean
daily streamflow for2025at the AssabetSudbury and Concordiver gagewas much lower than thastoric
mean streamflovfor the period ofecord(Figure 15) Note that flow at the Sudbury River gage in
Saxonville/Framingham is affecteg keservoirdam releaseandmanipulationsThe Sudbury Rivemwater
chemistryis impactedby water supplied from the Massachusetts Water Resource Autfidriiass.
Department of Conservation and Recreasi@ivision of Water Supply Protection owns or has control of
activity on15% of the Sudbury watershad a water supply reservddssachusetts Department of
Conservation and Recreation, n.d.)

Average Daily Summer Flow (Jun/Jul/Aug)

=8~ Assabet at ABT-077 =& Sudbury at SUD-144
300

----------------------------------------------

Figure 15 Average summer streamflow (June/July/August) 198Q025
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Mean Daily Streamflow at USGS Concord River Gage, Lowell, MA
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Groundwater

2025Groundwatelevelsin Acton wereextremely low compared fuistoric levels, according to dat@m

the USGS monitoring well in étorf (Figure 16). Groundwater levels are influenced by both precipitation

and evapotranspiration and in turn play a critical role in sustaining baseflow to streams during drylperiods.
particular, themaximumannualgroundwater level was significantly low#ran inrecent yearsndicating

that groundwater recharge was limited and failed to recover to typical seasonal highs.
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Figure 17: Groundwater Levelsat the USGS Monitoring Well in Acton, MA
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Wastewater Treatment Plant Discharge

Eight wastevater treatment plants dischamgjgnificant volumes of water into tf&udbury, Assabet and
Concordrivers (Figurel7). Many of the plants discharge into the upstrearost vulnerable sections of the
rivers The largest plant, Westborough, discharges to the headwaters of the Assab@dthieitieird largest
plant, Matborough Easterlydischargeso the headwaters of Hop Brodkote that wastewater treatment
plant discharge correlagavith precipitation and groundwater levels

During low flow times, the discharge of these treatment plants reps@ssignificant portion of the total

flow of the rivers especially for thé\ssabet RiverStreamflow measureat the Assabet River gage in

Maynard include effluent discharges from three of the fonajormunicipal wastewater treatment plants on
the river(Hudson, Marlborough Westerly, and Westborou¢ih2025, seven of the eight wastewater
treatment plants in the watershed watrer extremely close to compliance with their National Pollution
Discharge Elimination (NPDES) permiih 2024 and 2025, the Hudson Wastewater Treatment Facility failed
to meet National Pollution Discharge Permit requirements for parameters including chlorine, pH, dissolved
oxygen, biochemical oxygen demand, phosphorus, temperaturg, esiddischarges into the Assabet

River, according to EPA ECHO dafkigure18).

WWTP Average Daily Discharge Flow

8 = \Westborough
Billerica
6..
=) & - Easterly
O] —
S 44 = \Nesterly
z
© === Hudson
il === Concord
y v — 7/ /\ =
0 p— N Maynard
2021 2022 2023 2024 2025 2026 = MCI Concord

Figure 18 Wastewater Treatment PlantDischarge Flowis released from eightvastewater treatmentplants into
rivers after treatment, graphed in millions of gallons per dayJan 2020i Dec2025.

EPA Data: Total Phosphorous Discharge,

o
E" 15 Hudson Wastewater Treatment Plant (2023-2025)
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Figure 19 EPA ECHO data show that the Hudson Municipal Wastewater Treatment Plant failed to meet its
NPDES permit limit for phosphorus in effluent discharge throughout 2025.
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Combined Sewage Overflows

Dry Weather
Wet Weather

Outfall
pipe to
waterbody
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wastewater treatment plant Conibined sewar to

wastewater treatment plant

Figure 20 The combined flow of wastewater and stormwater can overwhelm the systewhen Combined Sewage
Overflows (CSOs)occur. Source: US EPA.

Combined sewage overflows occurcombined sewer systemvherewastewater and stormwater flow

through the same pip€dS EPA, 2025)Acc or di n g I dry wedtreer, el RaStewat@r flows to a
wastewater treatment plant where it is treated before being discharged to a waterbody. But during wet
weather, stormwater also enters the system. The combined flow of wastewater and stormwater can

overwhelm the syem. Permitted outfalls are located throughout the system to act as relief points during wet
weather. These outfalls discharge untreated or partially treated stormwater and wastewater into nearby
waterbodies. These discharges are called<C80 ( US Environment al Protection

Combined sewage overflows are fouatdhe Warren Statioim the Concord watershed in the City of Lowell
(Figure20). Four combined sewage overflows were recorded at this station inQ@23ecember 29
approximately half a million gallons of combined sewage overflows entered the Concord River at the Warren
Stationduring a rain event of less than one i(Elgure21). Combined sewage overfloved this statiorare

located in neighborhoods classifiedMassachusetts Environmental Justice Populatioiesto theitigh
percentages of residents who are members of racial minority giidagsachusetts Executive Office of

Energy and Environmental Affairs, 202Combined sewage overflows are permittéPDES Permit

MAO0100633, andthese facilities received200,000 in finegor permitviolationsin 2019, according to the

US EPA ECHO websitdS Environmental Protection Agency, 2025
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Figure 21 Combined Sewage Overflows (CSOs)ccur within the Concord Watershed at Warren Station one of
the nine combined sewage overflow sites in the area arouddwntown Lowell, MA. Figure source: lowellma.gov

Combined Sewage Overflows (MG) and Rainfall (in)

Warren Station

1.4 1.4
1.2 ® 1.2
1 * 1

[ ]
0.8 ™ 0.8
[ ]
0.6 e _ . . 0.6
0.4 . . 0.4
[ ] ° [ ] [ ]

0.2 * . e I 5 0.2
0 [ | [ . 0
O O DD DO DD DD DD DO DD OO

R S P P N R AR AR AR AL Y SR A

PN FFF PPN VA
M
D A A D D A A A D D A A 4D D A A 4D D A S

® Volume (Million Gallons) e Rain (in)

Figure 22 Four combined sewage overflows were recorded at the Warren Station site in Lowell, MA in 2025,
recorded in millions of gallons of discharge during rain events (inches). Data source: lowellma.gov.
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OAR®ater QualityData

OARS water quality data are intended to provide reliadé@@mation for municipalitiesall interested
stakeholders and community members, and the Commonwealth of Massacb/sR8s.eleases a River
Report Card once every five years with additional information abouttknng trends

Full dataareavailablein an Excel Spreadsheet on OARS webaitd can be filtered to individual sites
years on request by email@ARS Water Quality Program Manag®&fainstemstatisticsfor all water
quality parameters are provided in tabular formppendix |

How to ReadVater Quality Results

Site numbers: Each site is assigned a thilegter prefix for the waterbody name plus three numbers
designating river miles (to one decimal) above its confluence with the next siézdengenerallyflows
from high-numbered to losnumbered siteEExample:CND-009 islocatedthe Concord River, 0.9 km from
the confluence with the Merrimack.drop of waterat CND-093 flows8.2 kmdownstreanbefore it reaches
CND-0009.

Load: Loadis thetotal massof a nutrient or pollutant that is carriddwnstreanper day Our load
calculations are based on a combination of measured flow at sites with gages and bisstaddow
estimates at the sites without gages

Boxplots: Many of the graphs are boxpitytpe graphsin a boxplot graph, the box represents the middle

50% of the datg1% quartile to 3' quartile, or 2% to 73" percentile) the line in the middle of the box is the

median, the lower whisker represents the bottom 25% of the data, and the upper whisker represents the upper
25% of the dataOutliers are any poin@bove or below the box byiore tharl.5 times the interquartile

range The interquartile range is defined as the range betweers theattile and the"3quartile (bottom to

top of the box).

5 ecoreportcard.org
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Water Temperature

Importance of water temperature Manynative species, such as Eastern Brook Trout,
survive in a specific range whter temperatures.

Threats to water temperatureAir temperatures in the entire watershed have risen alonc
with global temperature increases over the past decaBesiods of drought that decrease
water quantity can result in warmer water temperatur&me wastewater treatment
plants and other permitted facilities release warmed water into riveesmsslow the flow

of water, creating impoundments wislevatedwater temperatures.

2025 data:

Water temperaturest all sitesmetthe ClassB warm water fisheries standaf28.3°C)on alltesting dates

in 2025(Figure23 andFigure24). The coldwater standard is the recommended maximum for brook trout
andfor brown trout the maximum is 23@©. All tributaries exceeded the celater fisheries standard in
July. Danforth Brook, Hop Brook and Hog Brook are classified as cold water fisheries (Mass Fish and
Wildlife, 2025). However, the Hog Brook and both of the two Hop Braitdsshow median summer
temperatures alve the coldwater fisheries standard@he upstream Danforth Brook monitoring siAN-
013 has a median summer temperature below thewatdr fisheries standard, bag the water flow
downstreamless than one kilometer away the median summer temperaidd®Na005 has risen above the
cold-water fisheries standard.

Longterm trends:

OARS has monitored water temperature with rpdiiameter sondes from 1997 to 2025. River temperatures
tend to increase as water modesvnstreamespecially for the Assabet and Sudbury Rivére Concord

River summer water temperature has bmestlyincreasing since 2004igure 23. Along the Lower

Assabet River, maximum detected water temperatures have been increasing from 1997Rmga6234.

The uppermost site in the Assabet (ABTI2) also shows an upward trend in temperatures for the périod o
record(Figure24). The lower Nashoba and upper Assabet sites are both |lat@aiststreanof large
impoundmentswhich have a warming effect
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Temperature (C)
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Figure 23 Water temperatures for the Assabet, Sudbury and Concord Rivers (1992025)
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Water Temp. Summer 2025
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Figure 24: Water temperature by site, summer (Juri Aug 2025

The tributary sites in this bgite chart are grouped together and colored green, from IDABIto RVMO05 Mainstem
sites are grouped by river and listed in river mile sequédrara downstreamno upstream
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Figure 25. Water temperature by month and site 2025
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Conductance & Chloride

Importance ofspecificconductanceand chloride specificconductances a measure of a
a2t dziAz2yQa | 0Af ASpecifidodduciapogsRised dis a froxpior EHGRNIS .
because they have a linear relationsimnductancés an indirect indicator of pollutants,
especially road salEish and macroinvertebrates can only tolerate certain levels of chlor

Threats tospecificconductanceand chloride The main contributor to specifaonductance
in the watershed is salt applied to roads during icy winter conditiBred salt, wastewater,
landfill leachate, fertilizers, and erosican all contribute to speciftonductanceehanges.

Why monitor specificonductancek chloride:

Road saltisthdomi nant source of dissolved i onsnindicatorohe r eg
road salt pollutionOARS started sampling for chloride in 2018 to measure the effect of road salt application

on the riversin the New England region, chloridkéghly correlates wittconductancén a linear relationship

(Heath, 2011; MassDEP, 2018). This strong correlation allows us to confidently make conclusions about
chloride based on easily collediconductanceneasurements. Hend@ARS6sampling progranmeasures
conductancat all sites OARSanalyzes for chloride at sitedownstreanof the Westborough stewater

Treatment Plant tomonitor highconductance¢herebecause thiMassachusetts Department of Environmental
Protection requires chloride data to classify water qudéitynstreanof wastewater treatment plants as

impaired.

Longterm trends:

Summerconductancgraphs show a clear upward trena@nductanciehloride for all river sections on a
decadal scalegure 26. The increasingonductancérendhas been quantifietiroughout New England

and attributed tooadsalt application and its accumulation in groundwater and soils (Daley, 2009; Zuidema,
2018; Evans, 2018). LoAgrm data show a trend of higbnductancén dry years (low dilution) and low
conductancen wet years (high dilution). 2025 was a very dry year with legihductancéFigure25). The
Sudbury, Assabet an donductancease abovR300 |£Skcra i 2085p Moathlyf i ¢
analysis usually showsonductancéncreasing later in the summer as flows decrease and salts become more
concentrate@OARS Water Quality report, 2024Temperaturalsoaffects specificonductanceas the

warmer waters have higher specifenductance

2025 data:

Conductancéevels in 2025 wereelatively high Hot spots below wastewater treatment plants and major
roads were elevated and clearly distinct from the other sites. Rivetai@rook (RVM-005) in
Chelmsford, for example, receives rafi with significant road salt from495and highway interchanges
that has caused elevated spedifiaductancéevels Figure20). Hop Brook (HOPO11)conductancéevels
are also impacted by major highwagsir conductancand chloride data also show that the Westborough
Wastewater Treatment Plant is a major source of chloride in the As&abetin Hudson, specific
conductancevas high at all sites.
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Chloride increases posethreat to the ecological health of all our waterwaye.estimated chloride for

many of these sites is approaching or exceeding the EPA continuous critbedaPA haestablished a

Continuous Concentration Criterion for chloride of 230 mg/L and a-$&ornt Maximum Concentration
Criterion of 860 mg/L (EPA, 2002). The EPAOGs crit
indicated that macroinvertebratddrances may be much lower (Moody, 2024galthystreams supporting

good mixed fisheries havecanductanceange between 150 and 500 uS/cm (Ellis, 1984)stOARS sites

along the mainstem Sudbury, Assabet and Concord rivers havali®athe healthyrangefor specific
conductanciehloridein recent years.

Conductancéot spots can be highly localizedur monitoring usually highlights higtonductancéevels
downstreanof thewastewater treatment plaffsBT-301, ABT-237, ABT-144, HBS098) anddownstream
of highways (RVMO005, HOR011). Two of the headwater and tributary sites (ABT2andDAN-013) are
consistentlywithin themixedfishery rangeThe headwaters site AB312 (Mill Street, Westborough) is
upstream of the first wastewater treatment plant disch@#gBS has conducted surveysathertributaries
and shown thatonductancéevelscanincreasdrom 400 to 1400 uS/cm in short distances of the same
brook driven by road and parkirigt runoff.

Conductancés not as elevated along the Sudbury River, compared with the Assabet and Concord Rivers,
likely due to dilution from external water sources. Within the SudssabetConcord watershed, the
Massachusetts Water Resources Authority (MWRA) supplies watbettowns of Northborough,

Marlborough, Southborough, Framingham, and Ashland (Massachusetts Water Resources Authority, 2026).
The local environmental organization Green Acton provides additional analysis of road salt in Nashoba
Brook on their websitéKastens et al., 2024)
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Conductivity Summer 2025
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Figure 26: Specific conductanceby site, summer (Juri Aug 2025

The tributary sites in this bgite chart are grouped together and colored green, from DABIto RVMO05. Mainstem
sites are grouped by river and listed in river mile sequdrara downstrearo upstream
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Figure 27 SpecificConductanceData by month and site, 2025
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Figure 28 Specific conductance data, Upper Assabet and Lower Sudbury River 20@D25
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Figure 29. Chloride was monitored at three sites in the watershed: Assabet River (AB301), Hop Brook (HBS
098), River Meadow Brook (RVM-005).
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Dissolved Oxygen

Importance ofdissolved oxygemissolved oxygen (DO) measinew much oxygen is
dissolved in the watelAquatic organismssuch agish and zooplanktorrequire minimum
levels ofoxygen to lie.

Threats todissolvedxygen Droughts threaten dissolved oxygen levmsause slow
moving water tends to contain less dissolved oxygen comparexptdy moving water
Rooted aquatic plants and alggeoduce oxygeas a product of photosynthesis.
Eutrophication (warm water witlexcessive plant growth) can result in very low dissolvec
oxygen, causing fish kilBissolved oxygen also changes seasonally with temperature, a
cold water can hold more oxygen. Thus, warming temperatures globally also threaten
dissolved oxygen levels.

Longterm trends:

Increasing dissolved oxygen levels in the Assabet indicate an improved environment for local fish and
wildlife over the past 40 yearBissolved oxygen levels in the Assabet River have increased (improved)
significantl y o vkigure3Q ARSDevideat fram 1996 to 20000 whén all four
wastewater plants implemented improved water treatment procdéiges26).

In the Lower Sudbury River, we have been watching a concerning dissolved oxygen downward trend in
dissolved oxygen levels, but levels have rebounded in recent years, such as 2022 and 2024. It is possible that
the preceding high flood years washed out aagatad organic detritus, thus reducing biological oxygen

demand in the following yearghe Lower Sudbury is surrounded by large wetland avelaish naturally

have lowdissolved oxygetevels due to still water and high respirati@tizabeth Brook and the Sudbury
headwaters have chronic laissolved oxygeand pH levels downstream of large wetlands.

2025 data:

Low minimumdissolved oxygeroncentrations and large diurnal variationgigsolved oxygegan indicate
eutrophic conditionand violate water quality standards for dissolved oxygen. In our rivers, dissolved
oxygenremainsconsistently above the minimum water quality standatdse Assabet and Concord river
sites. ssolved oxygen at the Lower Sudbury sites tends to hover near or below the Class B starfilard (>5
mg/L) (Figure30andFigure31). The Lower Sudbury ialsosurrounded by large wetland areas, and
wetlands naturally have low dissolved oxygen levels due to still water and high respiration. Even though the
Lower Sudbury sites were close to this threshold, dissolved oxygen at these sites was significantly higher
than in 2023. We have seen a pattern of very low dissolved oxygen during high flow years when the
marshlands are floodednd 2023 fit this patterThe Massachusetts Water Resources Authority influences
the Sudbury River through providing water to multiple towns and also controlling reservoirs, which
influences water quality in general.

The Hop Brook site (HB®16)showed significantly improved dissolved oxygen levels in 2025. During
previous years, this sitonsistently hd the lowest dissolved oxygen levels due to the combination of
wetlands and high nutrient loads coming from upstréém.Hop Brook site (HB®16) continues to show a
distinct improvement in dissolved oxygen since 2015, the same year upgrades were completed at the
upstream Marlborough Easterly Wastewater Treatment FHesrh 2024 to 2025, HB816 improved from
below the Class B Aquatic Life standard (>3 mg/Labmve the Class B Water Quality Standard (>5 mg/L).

29




OARS

Low dissolved oxygen levetend tocoincide with low pH in eutrophic conditions. This was especially
evident in the Sudbury headwaters (SQ88).

The low dissolved oxygen levels in September and November in Danforth Brook-Q3\\are typical for
very low flows at that siteThe Nashoba Brook site (NSB02) shows a gradual decline idissolved oxygen
This site isdissolved oxygendlownstreano f  War ner 6 s Rrmeated inil87 b€ @ dam onr d |,
Nashoba Brook. The ponsl now in a critical state witBxcessiveaquatic biomasdhe Town of Concord,
which owns the damis evaluatingneasures teeduce the biomassd improve water quality.

Dis. Oxygen Summer 2025

Class B Aquatic Life >3 mg/L Class B Water Quality >5 mg/L
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Figure 31: Dissolved oxygerconcentration by site, summer (JuitAug 2025

The tributary sites in this bgite chart are grouped together and colored green, from IDABIto RVMO05 Mainstem
sites are grouped by river and listed in river mile sequédrare downstreamno upstream

30




OARS

DO Concentration—2025: Mainstems
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Figure 32 Dissolved oxygerby month and site 025
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Figure 34: Dissolved oxygertrends for selected sites (June/July/August)
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Acidity (pH)

Importance ofpH: pH (‘potential of hydrogen)' quantifies acidityfrom 0-14, with 0 being
the most acidic and 14 being the most ba&la.this scale, 7.0 is neutral, and most water
bodies have a pH between 6.5 and 8J5. Environmental Protection Agency, nAc)d
water (low pH especially threatens wildlife in riverg damaging fish gillseducing
reproductionkurvival and number of species prestmtboth fish and insectand
increasing the rates of heavy metal leaching.

Threats topH: Most rainwater is slightly acidic and can lower pH (increase acidity).
Wastewater treatment plantischargeanto riverscan raise pHLeachate from septic
systems and landfillsanacidify water bodies.

Longterm trends:

OARS watches for major pH changes as an indicator of human impach e wat er shedds over
Carbon dioxide dissolved in water can lower pH, and thus can indicate high levels of respiration or
eutrophication, and photosynthesis can raise pH by consuming carbon dioxide.

Long-term datsshow a clear upward trend in pH in the Assabet River, which is a positive sign of reduced
eutrophication and lower levels of aquatic respiration driven by-ferrg phosphorus reductiofrom
wastewater treatment plant discham@educing nutrients can reduce biomass, which would result in less
respiration from decomposition, less dissolved carbon dioxide, and a higher pH. This hypothesis is also
supported by the corresponding improvement in dissolved oxygen shown &lmpue 82).

ThepH readings in the Hop Brook in Sudbury and the farthest upstream SwRilsargite consistently have
very low pH related to wetlands, nutrient load, and tiisgolved oxygenThe AssabeRiver sites
downstreanof Ben Smith Dam show consistently high pH probably driven by floating algal greWw

004 has had unusually low pH levels for the &styears.For the past six years, the Elizabeth Brook site
(ELZ-004) has had depressed (more acidic) pH lewtgife 35.

2025 data:

Acidity (pH) readings in 2025 were almost all within the EPA recommended pH limits for freshiaraier .

2024 to 2025, the pH at Sudbury River S288 site slightly decreased/worsened, sometimes going below

the Class B Standard lower limit of 6.5 pH. The Danforth Brook site, D85 showed concerningly low

pH levels, just above the Class B Standard Idingt of 6.5 pH. The pH also increased/improved at Hop

Brook Spring, HBS016 but slightly decreased at the other Hop Brook Site-a0PHBS-016 and SUP

293 have upstream wetlands with significant opportunities for organic decomposition and very low dissolved
oxygen levels, as discussed above in the dissolved oxygen section.

For thefourth year in a rowiwo sitesdownstream of major damaBT-077 and ABT062) had higher pH
thantheupstream sites. ABD77 shows high pH levels since 2(dizhis sitedownstream of the Ben Smith
DamImpoundment and the Hudsonadtewater Treatment Plafihe HudsoiWastewater Treatment Plant

discharge violations exceeded the pH limlitsing the 2025 yeaABT-062 is downstream of the
PowdermillDamimpoundment and the Maynardaatewater Treatment Plamthichwasgenerallyin

compliance with its discharge permits during20Phh e We st bor ough Wastewater Tr
average discharge maximum pH is slightly alkaline, at pH 7.6.
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pH Summer 2025
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Figure 35: pH by site, summer (Juri Aug 2025

The tributary sites in this bgite chart are grouped together and colored green, from IDABIto RVMO05. Mainstem
sites are grouped by river and listed in river mile sequédraa downstreamno upstream
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Figure 36: pH by month and site 025
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Figure 37: pH by year and section (June/July/August)
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Total Phosphorus

Importance ototal phosphorusTotal phosphorus is the primary indicatof wastewater
treatment plant performance, as historically the wastewater treatment plants released
excess phosphos into the rivers, causing eutrophication and foul odBrgrophication
from excess phosphorus can lead to fish kills and lowers habitat quality for native spec

Threats tatotal phosphoruswastewater treatment plants that violate permits release
excess phosphorus into rivers, and runoff containing fertilizer can also increase phospl
leading to eutrophication in rivers.

Longterm trends:

Total Phosphorus is the primary indica@ARS monitoredas improvements were made to the wastewater
treatment plants on the Assabet Riosphorus is considered the limiting nutrient for primary production
in freshwater systems because it is available in much lower proportions per biological need than the other
essential nutrients, nitrogen and carb&m.otal Maximum Daily Load (TMDL) for phosphorus was
established for the Assabet River in 2004 (MassDEP, 2004), and permit limits were set effective 2010 for
each of the wastewater treatment plants to meet the TMDL. Significant reductions in instreamomisosp
concentrations have been achieved as a result of these permitfiguie39). OA R S 6 -tdrnodatg from

the nineties shows dramatic improvements in phosghaiter the final plant upgrades were implemented in
2012. Since 2012, mainstem concentrations have been close to the 0.05 mg/| pisdapfetin all

mainstem rivers.

2025 data:

In 2025, total phosphorus concentrations were at or below the EPA Gold Book recommendation of 0.05
mg/L at most but not all siteFigure38). Phosphaus levels increased along tributaries, such as Nashoba
Brook and River Meadow Brook in 2025. Hifllow events, such as those that occurred during 2021 and
2023, can inject quantities of phosphorus into the river system. 2@028diaphosphars levels during the
summer after high rainfall events in the beginning of June.

Hop Brook Spring sites HB898 andHop Brook in NorthborougfHOP-011) show

decreases/improvements in the phosphorus levels in 2025, but th@6BPows increased phosphorus
levels.Hop Brook in SudburyHBS-016)has historically shown the highest total phosphorus levels in our
watershedwhich is also true for 2025op Brook in Northborough (HOB11) is downstream of a large
wetland, a highway interchange, a sand quarry, and numerous retail parkithgtiatsuld contribute runoff

into the rivers This catchment area has an opportunity to improve the water quality with green stormwater
infrastructurelt is downstream of four large impoundments that collected phosphorus discharged from the
Marlborough Easterly Wastewater Treatment Rlasich could still remain in the sedimeithe Hop Brook
Protection Association is working to determine what actions can be taken to improve water quality in these
impoundments, and OARS has provided additional data to support these efforts during multiple years.

From 2024 to 2025, phosphorus increased at all sites along the Concord River; rising above the EPA Gold
Book Standard of <0.05 mg/L at all three sites, which were below the limit in 2024. From 2024 to 2025,
phosphorus increased at all sites along the SydRiver; in particularphosphorugevels rose above the

EPA Gold Book Standard of <0.05 mg/L at most sites along the Sudbury River e2@,/)B8UD064,

SUD-086, SUD096 where they were below the limit in 20d4e Sudbury River headwater site, S\2B3,
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tends to have high total phosphorus, low pH, and low dissolved oxygen. It is downstream of a major swamp,
Cedar Swamp, and a major highway interchange.

The Hudson Wastewater Treatment Plant significantly exceeded its permit for phosphorus discharge into the
Assabet River during both 2024 and 2025. Toward the end of the 2025 year, the permit violations became
less severe but still persistddiidson hagquipment issues suchaginal clarifier failure in 2022nd

significant staffing issues during and following @®VID pandemicOARS has raised a flag with Mass.
Department of Environmental Protection and the Environmental Protection Agency on nogitipéons

regarding permit violations from the plant. From 2622025, he Town ofHudson has implemented

significant upgrades to their wastewater treatment pdeck the plant violations have become less severe in
2026.

Total Phosphorus—2025: Mainstems
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Figure 38. Total phosphorusconcentration by month and river site (2025)
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Figure 39: Total Phosphorusconcentration by site, summer (JuinAug 2025

The tributary sites in this bgite chart are grouped together and colored green, from IDABIto RVMO05. Mainstem

sites are grouped by river and listed in river mile sequédraa downstreamno upstream
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Figure 40: Total phosphorusconcentration by year andriver section (June/July/August) The improvements are
significant enough to necessitate a change in the scale for concentration in Figure 33 between the years 2007 and
2008.
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