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Massachusetts Surface Water Quality Standards
(314 CMR 4.00) – Overview

• The foundation of surface water quality 
programs in the Commonwealth under 
the federal Clean Water Act

• Provide the scientific and legal basis for 
controlling the discharge of pollutants 
into surface waters

• Define water quality goals for 
waterbodies and establish water quality 
criteria to enhance, maintain, and 
protect designated uses



Massachusetts Surface Water Quality Standards
(314 CMR 4.00) – Water Quality Criteria

• Examples of water quality criteria include aquatic life criteria that 
protect aquatic life from specific pollutants

• Aquatic life criteria typically contain three components:
• Magnitude (concentration)

• Duration (averaging period for concentration)

• Frequency (allowable exceedances of average concentration)

• Usually include:
• An acute criterion (for short-term, lethal exposures)

• A chronic criterion (for long-term, sub-lethal exposures)

• Different criteria for fresh and saltwater



Massachusetts Surface Water Quality Standards
(314 CMR 4.00) – Site-Dependent Criteria

• Site-specific criteria vs. Site-dependent criteria

• Site-specific criteria: listed in Table 28 and apply to a particular surface 
water or segment
• Based on a modification of generally applicable criteria (such as class-based criteria) 

that reflect local conditions

• Implementation of new or revised site-specific criteria requires Table 28 revisions

• Site-dependent criteria: equation- and model-based criteria with inputs 
and outputs (criteria values) that will be different at each site
• Implementation of site-dependent criteria does not require Table 28 revisions

• Example: aluminum



Massachusetts Surface Water Quality Standards
(314 CMR 4.00) – Narrative Toxic Pollutant Standard

• 314 CMR 4.05(5)(e):

All surface waters shall be free from pollutants in concentrations or 
combinations that are toxic to humans, aquatic life or wildlife.



Aluminum: Toxicity to Aquatic Life

• Produces harmful effects on fish and 
wildlife

• Accumulates on the gills of fish, and 
mussels are sensitive

• Acute toxicity can be noticeable 
(e.g., fish kills)

• Chronic toxicity reduces growth and 
reproduction

Healthy gills (left), Al-impacted (right) of 
Atlantic Salmon
Source: The Northeast Fisheries Science Center 
www.nefsc.noaa.gov/salmon/factsheets/sss_factsheet.pdf

Yellow Lampmussel

Dwarf Wedgemussel

http://www.nefsc.noaa.gov/salmon/factsheets/sss_factsheet.pdf


EPA’s Previous Aquatic Life Ambient Water Quality 
Criteria for Aluminum in Freshwater (1988)

• Fixed aluminum criteria values:
• Acute = 750 µg/L

• Chronic = 87 µg/L

• Criteria reflect scientific knowledge in 1988
• Applicable only to a narrow pH range (6.5 to 9.0)

• Excludes other influential factors (DOC and hardness)

• Toxicity studies: 1972 – 1986

• Did not account for freshwater mussel sensitivity to aluminum



EPA’s Current Aquatic Life Ambient Water Quality 
Criteria for Aluminum in Freshwater (2018)

• Variable aluminum criteria values that are dependent on water chemistry

• Criteria reflect the latest scientific knowledge:
• Aluminum toxicity to aquatic life increases as its bioavailability increases

• pH, DOC, and hardness all affect aluminum bioavailability and toxicity

• Updated toxicity studies: 1972 – 2018

• Accounts for freshwater mussel sensitivity to aluminum

• Equation-based criteria using Multiple Linear Regression (MLR) models:
• Uses concurrent pH, DOC, and hardness data to derive criteria



Massachusetts Surface Water Quality Standards
(314 CMR 4.00) – Aquatic Life Ambient Water Quality 
Criteria for Aluminum in Freshwater 

• Recent amendments to 314 CMR 4.00 adopt EPA’s 2018 aluminum criteria

• EPA approval is pending

• The amendments allow for two approaches:

1) EPA’s 2018 Aquatic Life Ambient Water Quality Criteria for Aluminum (MLR)

• Site-dependent aluminum criteria values: variable aluminum criteria based on available 
water chemistry data (pH, DOC, and hardness)

2) Default aluminum criteria values 

• Default criteria for watersheds and watershed groups: based on existing statewide 
water chemistry data (pH, TOC/DOC, and hardness)

• Site-dependent criteria values supersede watershed default criteria, regardless 
of whether they are more stringent or less stringent than the watershed default 
criteria



Data Collection to Support Implementation of 
Revised Freshwater Aquatic Life Aluminum Criteria

Dave Armstrong
Hydrologist
U.S. Geological Survey New England Water Science Center



• A Scientific Investigations Report (SIR)

Armstrong, D.S., Savoie, J.G., DeSimone, L.A., Laabs. K.A., and Carey, R.O., 2022, 
Surface-water-quality data to support implementation of revised freshwater 
aluminum water-quality criteria in Massachusetts, 2018–19: 
U.S. Geological Survey Scientific Investigations Report 2021-5144, 85 p.,
https://doi.org/10.3133/sir20215144

• And two data releases:

USGS ALUMINUM STUDY - REPORTS

(TOC-DOC Data Release: DeSimone and Armstrong, 2022)

Armstrong, D.S., DeSimone, L.A., and Savoie, J.G., 2022, Surface-water-quality 
data and time-series plots to support implementation of site-dependent 
aluminum criteria in Massachusetts, 2018–19: 
U.S. Geological Survey Data Release, https://doi.org/10.5066/P95WCT5T

DeSimone, L.A., and Armstrong, D.S., 2022, Total and dissolved organic carbon 
for an assessment of aluminum in Massachusetts surface waters: 
U.S. Geological Survey Data Release, https://doi.org/10.5066/P9420WXU

The study has 3 products:

(Armstrong and others, 2022)

(Aluminum Data Release: Armstrong, DeSimone, and Savoie, 2022)

(Armstrong and others, 2022) 

https://doi.org/10.3133/sir20215144
https://doi.org/10.5066/P95WCT5T
https://doi.org/10.5066/P9420WXU


(1) Collect discrete water-quality data  
(38 stations)

(2)  Demonstrate the use of the EPA Aluminum Criteria Calculator
(at ambient upstream stations and selected pond stations)

(3)  Collect continuous water-quality data 
(11 stations - 1 per facility)

(4)  Develop a relation between TOC and DOC in Massachusetts streams
(using historic data from sites in Massachusetts)

STUDY OBJECTIVES



STUDY AREA

• Water-quality data were collected at 
38 stations near 4 wastewater-
treatment facilities (WWTFs) and 
7 water-treatment facilities (WTFs) 
in central and eastern Massachusetts

(Armstrong and others, 2022)



PARTICIPATING FACILITIES AND RECEIVING WATER BODIES

(Armstrong and others, 2022)



Assabet River Assabet River

RECEIVING WATER BODIES

Third Herring 
BrookMill River

Assabet River

Lily 
Pond

Hocomonco Pond

Wyman Pond

5 Streams 
( 2.7 – 8.4 mi2)

3 Ponds 
(28 – 117 ac)

3 Rivers 
(35 – 117 mi2 ) 

Wyman
Pond

Photographs by 
D. Armstrong, USGS

Maple Meadow
Brook

Monoosnoc

Brook

Assabet 
River



STUDY DESIGN–STREAMS AND RIVERS

(Armstrong and others, 2022)



STUDY DESIGN–PONDS

(Armstrong and others, 2022)



• The effluent was sampled at the effluent outfall (where possible)

STUDY DESIGN–EFFLUENT

Photographs by 
D. Armstrong, USGS



• Samples analyzed at the USGS National Water Quality Laboratory (NWQL) for 6 constituents. 
• Field parameters were collected in-situ for each sample

WATER QUALITY

(Armstrong and others, 2022)



QUALITY ASSURANCE

• Monthly discrete samples and field parameters
• Monthly maintenance of continuous sensors
• Monitor antecedent rainfall conditions to minimize 

effects  of stormwater runoff. Dry-weather 
conditions defined as antecedent dry periods that 
had less than 0.1 inch (in.) of rain during a 1- to 3-
day period before sampling: 
• 1 day for ponds 
• 2 days for streams 
• 3 days for rivers.

• QA/QC
- Equipment blanks on bottles at start of study (4)
- Replicate samples (27) 6 % of environmental samples

- Equipment blanks (48) 11 % of environmental samples

including Field blanks (15), Equipment blanks (33) 

- Laboratory spike samples (4)

http://www.iweathernet.com/total-rainfall-map-24-hours-to-72-hours

Photographs by D. Armstrong, USGS



• Continuous (15 min) water quality data (pH and temperature) were collected at one station for each facility

CONTINUOUS WATER QUALITY

Photographs by D. Armstrong, USGS

Westborough-WWTF Marlborough Hudson Maynard Leominster

Cohasset Westborough-WTF Fitchburg HanoverWeymouth Wilmington



STATION SELECTION – Many factors influence selection of station locations

Downstream dams Upstream water diversions

ground water withdrawalsflood-control dams

Stormwater, 
Abandoned landfill

Superfund siteRemote access (wetlands)

Tributaries

Images from Google Earth



STATION SELECTION

The report includes a table listing 
some factors to consider during 
selection of sampling locations

• Accessibility and logistics
• Safety considerations
• Receiving water bodies
• Channel conditions
• Water and land use
• Selection of stations

• Upstream
• Downstream
• Pond 
• Effluent

(Armstrong and others, 2022)



STATION SELECTION – worked closely with MassDEP to identify sampling locations

• Challenge: Upstream tributaries and effluent join in large wetland;  Solution: two upstream stations
• Challenge: Effluent combines with stormwater;  Solution: Sample effluent at lagoon weir

Downstream station: Maple Meadow Brook

Example: Wilmington

Photographs by D. Armstrong, USGS

Upstream station 2: Sawmill Brook

Upstream station 1: Maple Meadow BrookWetland Effluent discharge

Lagoon weir



– Need to consider winter conditions STATION SELECTION
• Sample through ice, or if ice is not safe, at alternate location known to have similar conditions

Photographs by D. Armstrong, USGS, and D. Davis, and D. Tympanick, MassDEP



• If effluent discharged below the water surface of receiving water

• If effluent combined with storm-water discharge before outfall

• Sampling locations at some stations 
varied depending on backwash conditions at 
time of sampling

STATION SELECTION–EFFLUENT   
Some stations sampled at locations other than the outfall 

Photographs by 
D. Armstrong, USGS



STATION SELECTION–CONTINUOUS

Photographs by D. Armstrong USGS

Flood Drought – dry streamLow flows - changing water quality

• Equipment needs to function over a range of flows and water quality conditions.



DH-81
in streams 
and rivers,
while wading

Grab sample
in streams, 
while wading, 
and for
effluent

DH-95
in rivers,
from 
bridges

Peristaltic 
pump –
In ponds, 
and rivers,
from canoe,
and for
effluent

METHODS–DISCRETE SAMPLING

Photographs by D. Armstrong, USGS

• Sampling methods varied by water-body type and with flow conditions



(1) equipment constructed of noncontaminating
materials and that has been cleaned rigorously 

(2) handling equipment in a manner that 
minimizes the chance of altering sample 
composition;

(3) handling samples in a manner that prevents 
contamination;

(4) routinely collecting quality-control (QC) 
samples.

(5) Clean sampling procedures 
- separate field duties to dedicate one individual
to tasks related to direct contact with the sample

METHODS–DISCRETE SAMPLING
• Clean sampling procedures used throughout all steps of the sampling and analysis 

using methods and procedures described in the USGS National Field Manual (NFM) 

Photographs by D. Armstrong, USGS

https://www.usgs.gov/mission-areas/water-resources/science/national-field-manual-collection-water-quality-data-nfm



METHODS – FIELD PARAMETERS (pH, specific conductance, temperature)

Photographs by D. Armstrong, USGS

• Field parameters were collected in situ at the same locations where samples were collected



USGS ALUMINUM DATA RELEASE

• A total of 420 discrete water-quality samples were collected, including 306 ambient samples and 114 effluent samples
• The data are all available in the Aluminum Data Release,  https://doi.org/10.5066/P95WCT5T, published on Sciencebase.gov 
• Data are also available on the USGS National Water Information System (NWIS) database   https://waterdata.usgs.gov/nwis

Aluminum Data Release: Armstrong, DeSimone, and Savoie, 2022

https://doi.org/10.5066/P95WCT5T


The data release includes

• Plots showing station locations
• Discrete water-quality data 
• Time-series plots of 

water-quality data 
(pH, DOC, Hardness, and 
aluminum) for each station

• Instantaneous monthly CMC and 
CCC values

• Plots of continuous and discrete 
pH data

• QAQC data (replicates, blanks)
• Metadata

USGS ALUMINUM DATA RELEASE EXAMPLE - HUDSON

Aluminum Data Release: Armstrong, DeSimone, and Savoie, 2022



pH

Hardness

DOC

Aluminum

USGS ALUMINUM DATA RELEASE

Example - Hudson

Apr    May   Jun    Jul     Aug    Sep   Oct    Nov    Dec    Jan   Feb    Mar   Apr   May
2018                                           |                  2019  

Apr    May   Jun    Jul     Aug    Sep   Oct    Nov    Dec    Jan   Feb    Mar   Apr   May
2018                                           |                  2019  

Apr   May   Jun    Jul     Aug    Sep   Oct    Nov    Dec    Jan   Feb   Mar   Apr   May
2018                                           |                  2019  

Apr   May   Jun    Jul     Aug    Sep   Oct    Nov    Dec    Jan   Feb   Mar   Apr   May
2018                                           |                  2019  

pH
DOC

Total hardness

Total hardness

Aluminum

Aluminum Data Release: Armstrong, DeSimone, and Savoie, 2022



USGS ALUMINUM DATA RELEASE EXAMPLE - HUDSON

• Time series of continuous pH readings from the Hudson station (01096870)

Apr      May        Jun         Jul        Aug        Sep        Oct       Nov       Dec         Jan        Fe b     Mar     Apr     May

2018                                   |                           2019                             

Aluminum Data Release: Armstrong, DeSimone, and Savoie, 2022



RESULTS–DISCRETE PH

(Armstrong and others, 2022)



RESULTS–DISCRETE DOC

(Armstrong and others, 2022)



RESULTS–DISCRETE TOTAL HARDNESS

(Armstrong and others, 2022)



RESULTS–DISCRETE ALUMINUM

(Armstrong and others, 2022)



RESULTS–EFFLUENT DISCRETE pH, DOC

DOCpH

(Armstrong and others, 2022)



RESULTS–EFFLUENT DISCRETE TOTAL HARDNESS, AND ALUMINUM

Total hardness Aluminum

(Armstrong and others, 2022)



• Some effluent samples had high concentrations of aluminum (~ 10,000 – 100,000 µg/L)

RESULTS–DISCRETE Aluminum concentrations for effluent stations 

• Most high aluminum concentrations were related to limited capacity of lagoons, clean-out of 
lagoons, collection of effluent samples leaking from lagoon weir as the lagoons refilled, or
winter conditions.

Photographs by D. Armstrong, USGS



RESULTS–CONTINUOUS pH 
• Diel variations in pH are caused by the effects of photosynthesis and respiration on carbon-dioxide concentrations in 

surface water. 
• The greatest diel range in pH were measured in some of the pond and Assabet River stations with open canopies and 

large amounts of algae and aquatic vegetation.

2018                     |                  2019                 

May     Jun    Jul      Aug     Sep    Oct    Nov    Dec     Jan     Feb     Mar   Apr

May     Jun    Jul      Aug     Sep    Oct    Nov    Dec     Jan     Feb     Mar   Apr  

May     Jun    Jul      Aug     Sep    Oct    Nov    Dec     Jan     Feb     Mar   Apr

2018                     |                  2019                 

May     Jun    Jul      Aug     Sep    Oct    Nov    Dec     Jan     Feb     Mar   Apr  

2018                     |                  2019                 

2018                     |                  2019                 

Aluminum Data Release: Armstrong, DeSimone, and Savoie, 2022



RESULTS 
CONTINUOUS pH
and 
DISCRETE pH

Some differences 
were observed, 
possibly because 
discrete and 
continuous pH 
were measured at 
slightly different 
locations

(Armstrong and others, 2022)



EPA ALUMINUM CRITERIA CALCULATOR

• EPA (2018) guidance included multiple linear 
regression equations to estimate aluminum 
concentrations that – if not exceeded – would be 
expected to protect aquatic life from acute and 
chronic aluminum exposures.

Model inputs:
• pH, DOC, and total hardness. 

Model outputs:
• Criteria Maximum Concentration (CMC) 

An estimate of the highest aluminum concentration in surface water to which an aquatic community can be 
exposed briefly without resulting in an unacceptable effect. 

• Criteria Continuous Concentration (CCC)
An estimate of the highest aluminum concentration in surface water to which an aquatic community can be   
exposed indefinitely without resulting in an unacceptable effect.

https://www.epa.gov/wqc/2018-final-aquatic-life-criteria-aluminum-freshwater



• The report includes a table showing minimum values and the 5th percentile and 10th

percentile statistics for CMC and CCC aluminum calculations 

RESULTS CMC and CCC

• The instantaneous CMC and CCC values determined by the EPA Calculator indicate
toxic endpoints for the water quality conditions at the time of sampling

(Armstrong and others, 2022)



RESULTS CMC and CCC
• The report includes a table showing minimum values and the 5th percentile and 10th

percentile statistics for CMC and CCC aluminum calculations 

• For facilities when more than one station was selected, results are shown for each 
station and for combinations of stations (shallow, deep, etc.) 

(Armstrong and others, 2022)



CMC

RESULTS–ALUMINUM CRITERION MAXIMUM CONCENTRATION

(Armstrong and others, 2022)



CCC

RESULTS–ALUMINUM CRITERION CONTINUOUS CONCENTRATION

(Armstrong and others, 2022)



RESULTS 
TOC-DOC
REGRESSION
EQUATION

• Paired values of DOC 
and TOC were available 
from 223 samples 
collected at 52 stations, 

(Armstrong and others, 2022)



• DOC and TOC were well correlated in the 223 samples 
Pearson’s r = 0.96, R2 = 0.93 

RESULTS–TOC-DOC REGRESSION EQUATION

• The equation enables MassDEP to use available 
water-quality data to evaluate water-quality conditions
at additional sites across Massachusetts where
only pH, hardness, and TOC data are available.

(Armstrong and others, 2022)



TOC-DOC DATA RELEASE https://doi.org/10.5066/P9420WXU

TOC-DOC Data Release: DeSimone and Armstrong, 2022

https://doi.org/10.5066/P9420WXU


Implementation of Freshwater Aquatic Life 
Aluminum Criteria in NPDES Permitting

Susy King
Chief, National Pollutant Discharge Elimination System Section
Massachusetts Department of Environmental Protection



Implementation Guidance

• Specifies how criteria should 
be applied in determining 
NPDES permit limits

• Includes data requirements for 
developing site-dependent 
criteria



Data Requirements for Site Dependent- Criteria

• Existing Data
• Data no older than 10 years, only 5 most recent years of 

data used
• At least 5 continuous years of concurrently measured pH, 

DOC, hardness data
• At least 20 sampling events in 5 most recent years of data

•New Data Collection
• Minimum of 20 sampling events over two years, spaced at 

least monthly



Current Status of NPDES Permits

•Wastewater Treatment Plants
• Individual permits
• 3 of 4 have aluminum limits with 3-year compliance 

schedule, opportunity for permit modification

•Water Treatment Plants
• Coverage under 2009 Potable Water Treatment Facility 

General Permit (PWTF GP)
• No aluminum limits yet



Addressing Aluminum in Permit Reissuance

• Evaluate available data for calculating site-dependent criteria
• Existing data

• New data

• USGS data do not meet requirements for new data collection (i.e., 
not enough data)

• If insufficient data for site-dependent criteria, use watershed 
default values for determining aluminum limits

• Anti-backsliding must be considered in setting permit limits



Hudson and Maynard WWTFs

• Currently have individual permits, proposed to be covered under 
Medium WWTF General Permit

• GP likely to be issued after water quality criteria approved, limits 
based on watershed default values

• 3-year compliance schedule will end prior to effective date of final GP, 
will need permit modifications
• Evaluation for modification will be based on watershed default values

• Current individual permit and medium WWTF GP require pH, 
hardness, and DOC/TOC monitoring
• Expect when medium WWTF GP is renewed, will have sufficient data to 

calculate site-dependent criteria, which will be basis of future limits



Marlborough and Westborough WWTFs

• Individual permits recently renewed
• Westborough has aluminum limit, Marlborough does not

• Westborough will need modification once water quality 
criteria approved
• Aluminum limit in modification will be based on watershed default 

values

• Permits require pH, hardness, and DOC monitoring
• Expect when permits are reissued, will have sufficient data to 

calculate site-dependent criteria

• Site-dependent criteria will be used to determine limits/if limits 
necessary in the future



Water Treatment Facilities

• PWTF General Permit due for renewal

• Facilities will be covered under the GP renewal or new 
individual permits
• Limits to be based on watershed default values

• Anticipate including requirements for ambient pH, hardness, and 
DOC monitoring

• For future permit reissuances, anticipate will have sufficient 
data to calculate site-dependent criteria, which will be the 
basis of future limits



Thank you!
Questions ?

USGS:
• Dave Armstrong, darmstro@usgs.gov

MassDEP:
• Richard O. Carey, Ph.D., richard.carey@mass.gov
• Susy King, susannah.king@mass.gov

mailto:darmstro@usgs.gov
mailto:richard.carey@mass.gov
mailto:susannah.king@mass.gov

