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Summary 
Each year, the Massachusetts Water Resources Authority (MWRA) prepares this report, 
an overview of environmental monitoring related to the discharge of municipal effluent 
from the Deer Island Treatment Plant through its Massachusetts Bay outfall.  The report 
presents monitoring results and information relevant to the MWRA’s permit-required 
Contingency Plan, including threshold exceedances and permit violations, responses, 
and corrective actions.  The overview also includes monitoring results relevant to the 
Stellwagen Bank National Marine Sanctuary and information on special studies. 
 
The 2012 report marks the twenty-first year of MWRA’s monitoring program, including 
almost nine years of baseline monitoring and more than twelve years of “outfall-
discharge” monitoring, covering the years since MWRA ceased discharge of sewage 
effluent to the relatively confined waters of Boston Harbor and began to discharge into 
deeper water in Massachusetts Bay.  The monitoring program reports on results from 
effluent, water-column, sea-floor, and fish-and-shellfish monitoring in the outfall 
nearfield and at reference stations and on results from special studies. 
 
Operations at the Deer Island Treatment Plant continued to be exceptional in 2012, 
earning MWRA a second consecutive National Association of Clean Water Agencies 
(NACWA) Platinum Peak Performance Award.  This NACWA award recognizes 
facilities with 100% permit compliance for five consecutive years. 
 
Ambient monitoring results from 2012 were consistent with predictions and past results.  
There were exceedances of Contingency Plan “caution level” thresholds1 (Tables i 
through iv) for presence of Phaeocystis pouchetii, a nuisance algal species that is poor 
food for zooplankton; Alexandrium fundyense, a nuisance algal species that can cause 
paralytic shellfish poisoning; and for two soft-bottom benthic community parameters, 
Shannon-Wiener diversity and Pielou’s evenness.  No “warning level” exceedances were 
observed in 2012  
 
These exceedances have been reviewed for evidence of whether they were or were not 
caused or exacerbated by the outfall discharge.  Blooms of Phaeocystis pouchetii are 
greatly influenced by temperature patterns and have not been found to be influenced by 
the outfall.  Presence and abundance of Alexandrium fundyense is controlled by the 
presence and extent of seed beds to the northeast of Massachusetts Bay and on 

                                                 
1 MWRA’s NPDES permit includes Contingency Plan threshold indicators that may indicate a need for action. The 
thresholds are based on permit limits, state water quality standards, and expert judgment. “Caution level” thresholds 
generally indicate a need for a closer look at the data to determine the reason for an observed change. “Warning level” 
thresholds are a higher level of concern, and the permit requires a series of steps to evaluate whether adverse impacts 
occurred and if so, whether they were related to the discharge. If caused by the discharge, MWRA may need to 
implement corrective action. Thresholds based on effluent discharge permit limits are only “warning level.” Some 
ambient parameters have both “caution” and “warning” level thresholds, and others have only “caution level” 
thresholds. 
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Table ii. Water column Contingency Plan thresholds and exceedances. = no exceedance, NA = not 
applicable, C = caution level exceedance 

 

Water Column Parameter 20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

Nearfield bottom water

Dissolved oxygen concentration             

Dissolved oxygen saturation C            

Dissolved oxygen depletion rate NA            
Stellwagen Basin bottom water

Dissolved oxygen concentration             

Dissolved oxygen saturation C            
Nearfield chlorophyll

Annual NA            

Winter/spring NA            

Summer NA      C      

Autumn C            
Nearfield nuisance algae Phaeocystis pouchetii

Winter/spring NA    C   C     

Summer NA  C C C C C      C
Autumn             

Nearfield nuisance algae Pseudonitzchia

Winter/spring NA            

Summer NA            

Autumn             
Nearfield nuisance algae Alexandrium

Any sample      C C  C C  C C
Farfield shellfish

PSP toxin extent             
Plume

Initial dilution NA  Complete
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Table iii. Sea floor Contingency Plan thresholds and exceedances. = no exceedance, NA = not applicable, 
C = caution level exceedance 

Sea Floor Parameter 20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

Nearfield sediment

Acenaphthene NA   NA NA  NA NA  NA NA  NA

Acenaphylene NA   NA NA  NA NA  NA NA  NA

Anthracene NA   NA NA  NA NA  NA NA  NA

Benzo(a)anthracene NA   NA NA  NA NA  NA NA  NA

Benzo(a)pyrene NA   NA NA  NA NA  NA NA  NA

Cadmium NA   NA NA  NA NA  NA NA  NA

Chromium NA   NA NA  NA NA  NA NA  NA

Chrysene NA   NA NA  NA NA  NA NA  NA

Copper NA   NA NA  NA NA  NA NA  NA

Dibenzo(a,h)anthracene NA   NA NA  NA NA  NA NA  NA

Fluoranthene NA   NA NA  NA NA  NA NA  NA

Fluorene NA   NA NA  NA NA  NA NA  NA

Lead NA   NA NA  NA NA  NA NA  NA

Mercury NA   NA NA  NA NA  NA NA  NA

Naphthalene NA   NA NA  NA NA  NA NA  NA

Nickel NA   NA NA  NA NA  NA NA  NA

p,p’-DDE NA   NA NA  NA NA  NA NA  NA

Phenanthrene NA   NA NA  NA NA  NA NA  NA

Pyrene NA   NA NA  NA NA  NA NA  NA

Silver NA   NA NA  NA NA  NA NA  NA

Total DDTs NA   NA NA  NA NA  NA NA  NA

Total HMW PAH NA   NA NA  NA NA  NA NA  NA

Total LMW PAH NA   NA NA  NA NA  NA NA  NA

Total PAHs NA   NA NA  NA NA  NA NA  NA

Total PCBs NA   NA NA  NA NA  NA NA  NA

Zinc NA   NA NA  NA NA  NA NA  NA

Sediment RPD depth NA            
Nearfield soft-bottom benthic diversity

Species per sample NA            

Fisher’s log-series alpha NA            

Shannon diversity NA          C C C
Pielou’s evenness NA          C C C

Nearfield soft-bottom species composition

Percent opportunists NA            



 

ix 
 

Table iv. Fish and shellfish Contingency Plan thresholds and exceedances. = no exceedance, NA 
= not applicable, C = caution level exceedance 
 

 
 
  

Fish and Shellfish 20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

Nearfield flounder tissue

Total PCBs NA    NA NA  NA NA  NA NA 

Mercury NA     NA  NA NA  NA NA 

Chlordane NA    NA NA  NA NA  NA NA 

Dieldrin NA    NA NA  NA NA  NA NA 

Total DDTs NA    NA NA  NA NA  NA NA 
Nearfield flounder disease

Liver disease (CHV) NA            
Nearfield lobster tissue

Total PCBs NA    NA NA  NA NA  NA NA 

Mercury NA    NA NA  NA NA  NA NA 

Chlordane NA    NA NA  NA NA  NA NA 

Dieldrin NA    NA NA  NA NA  NA NA 

Total DDTs NA    NA NA  NA NA  NA NA 
Nearfield mussel tissue

Total PCBs NA    NA NA  NA NA  NA NA 

Lead NA    NA NA  NA NA  NA NA 

Mercury NA    NA NA  NA NA  NA NA 

Chlordane NA C C  NA NA  NA NA  NA NA 

Dieldrin NA    NA NA  NA NA  NA NA 

Total DDTs NA    NA NA  NA NA  NA NA 

Total PAHs NA C C C NA NA  NA NA  NA NA 
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1. Introduction 
Since its creation by the Massachusetts state legislature in 1984, the Massachusetts 
Water Resources Authority (MWRA) has worked to minimize the effects of 
wastewater discharge on the marine environment.  The mission of what became 
known as MWRA’s Boston Harbor Project included reducing inflow of contaminants 
into the waste stream, ending biosolids discharge, improving wastewater treatment 
facilities, and providing better dilution of the sewage effluent discharge.  Throughout 
MWRA’s early years, scientists conducted environmental monitoring in Boston 
Harbor and also in Massachusetts Bay, at the (then future) location of a relocated 
sewage effluent discharge. 
 
In 2000, most of the Boston Harbor Project had been completed, including the 
relocated effluent outfall, which diverted sewage effluent from Boston Harbor to the 
deeper, less confined waters of Massachusetts Bay.  The outfall operates under a 
National Pollutant Discharge Elimination System (NPDES) permit for the Deer Island 
Treatment Plant (DITP) constructed as part of Boston Harbor Project.  The permit 
was issued jointly by the U.S. Environmental Protection Agency (EPA) and the 
Massachusetts Department of Environmental Protection (MADEP).   
 
The NPDES permit includes requirements for ongoing monitoring of the sewage 
effluent and for ambient monitoring of the receiving waters.  Monitoring assesses 
compliance with specific permit conditions and additional conditions specified by a 
permit-required Contingency Plan.  Background information on the monitoring 
program can be found in Werme et al. (2012), an updated document that describes 
monitoring revisions implemented in 2011.  The background document, monitoring 
plans (MWRA 1991, 1997a, 2004, 2010), the Contingency Plan (MWRA 1997b, 
2001), and area-specific technical reports are available on the technical report list at 
MWRA’s website, http://www.mwra.state.ma.us/harbor/enquad/trlist.html. 
 
Results from most baseline years and for each year since the outfall began to 
discharge have been documented in reports such as this one, the annual outfall 
monitoring overview.  Since the Massachusetts Bay outfall came on line in 2000, the 
reports have included information relevant to permit requirements, including 
Contingency Plan threshold exceedances, responses, and corrective actions.  Reports 
also include information relevant to the Stellwagen Bank National Marine Sanctuary.   
 
This year’s outfall monitoring overview presents results for 2012, marking the 
twenty-first year of MWRA’s monitoring program, including more than twelve years 
of outfall-discharge monitoring.  Measurements include effluent, water-column, sea-
floor, and fish-and-shellfish parameters, as well as special studies conducted in 
response to permit conditions and environmental concerns.  Data specifically related 
to the Stellwagen Bank National Marine Sanctuary are included in the overview’s 
water-column and sea-floor sections.  
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2. Effluent  

2012 Characterization 
As in past years, DITP continued to operate as designed through 2012, earning 
MWRA the National Association of Clean Water Agencies (NACWA) Platinum Peak 
Performance Award for a second consecutive year.  The Platinum Award is 
NACWA’s highest award recognizing compliance with NPDES permit limits and is 
reserved for facilities that have had no permit violations for five consecutive years. 
 
It was a relatively dry year in the Boston area in comparison to other years since the 
outfall came on line in 2000, with precipitation about 20% below the long-term 
average (Figure 2-1).  Total effluent flow was lower in 2012 than in any year since 
the outfall came on line, and virtually all the flow, 99.6%, received full primary and 
secondary treatment (Figure 2-2).  There were no extreme or protracted storms, and 
consequently, storm-related discharges of primary-only effluent blended with effluent 
receiving full secondary treatment were relatively small and brief (Figure 2-3). 
 

 
Figure 2-1. Annual rainfall in Boston in 1950–2012 (black line) and mean (red line) for the 
period. Rainfall in 2012 was about 20% below the long-term average (red line).  
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Figure 2-2. Annual primary-blended and full secondary effluent flows. In 2012, 99.6% of effluent 
flow received full secondary treatment. (During large storms, flow exceeding the secondary capacity of 
the plant is diverted around the secondary process to prevent washing out the essential microbes that 
carry out secondary treatment. These diverted flows are combined with full-secondary flows before 
disinfection; all discharges meet permit limits.) 
 

 
Figure 2-3. Monthly primary-blended and full secondary effluent flows during 2012. Total flow 
was below average (about 350 million gallons per day) in every month throughout 2012, and there 
were only small amounts of primary-blended flow. 
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The total suspended solids load to Massachusetts Bay was just less than 10 tons per 
day, the lowest level recorded (Figure 2-4).  Carbonaceous biochemical oxygen 
demand (BOD) was also at a record low in 2012, remaining well below levels that 
might be expected to affect ambient waters at the discharge site (Figure 2-5).  
Nitrogenous BOD (also shown in Figure 2-5), which is a result of the biological 
processes in secondary treatment and not a permit limit or Contingency Plan 
parameter, was lower than any level measured since 2001. 
 
 
 

 
Figure 2-4. Annual solids discharges. Solids discharges reached a record low in 2012. 
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Figure 2-5. Annual biochemical oxygen demand (BOD). MWRA’s permit limits carbonaceous 
BOD, which reached a record low in 2012. Nitrogenous BOD is the result of microbiological 
breakdown that occurs during secondary treatment and is not regulated by the permit.  

 
 

 
Total nitrogen loads were also lower in 2012, remaining below the permit limits 
(Figure 2-6).  The portion of the load made up of ammonium increased slightly.  
About 10% of the ammonium in the sewage influent is removed by secondary 
treatment, but the biological treatment process converts some organic forms of 
nitrogen to ammonium.  Also, ammonium-rich liquids from the biosolids pelletizing 
(fertilizer) plant, built as part of the Boston Harbor Project, are reintroduced to DITP 
for treatment, adding to the ammonium load.  As required by its permit, MWRA 
continually evaluates nitrogen-removal technologies, so that it could be quickly 
implemented, should a need arise (Bigornia-Vitale and Wu 2012).  Because nitrogen 
loads have remained below the Contingency Plan caution threshold, and there have 
not been nitrogen-related adverse environmental impacts, nitrogen removal has not 
been required or implemented. 
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Figure 2-6. Annual nitrogen discharges. Most of the nitrogen in the effluent is in the form of 
ammonium.  
 
 
Metals loads also decreased to record low levels in 2012 (Figure 2-7).  Metals 
discharges are now only a small fraction of what they were before the Boston Harbor 
Project, when more than seven hundred fifty pounds of metals were discharged to 
Boston Harbor each day.  Most metals meet water quality criteria in the effluent itself, 
while copper meets the criteria after initial dilution at the Massachusetts Bay outfall.     
 
Mercury loads were also low (Figure 2-8).  Although sensitive methods have been 
adopted for mercury analysis, mercury is now only rarely detected in effluent 
samples, the consequence of efforts on the part of MWRA and the New England 
states and New York to reduce mercury use, handle workplace spills, and discourage 
disposal practices that introduce mercury into the sewer system.  Most mercury 
entering New England waters is from atmospheric deposition. 
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Figure 2-7. Annual metals discharges. Except for copper, the metals meet receiving water quality 
criteria in the effluent, even without the dilution provided by the outfall.  
 

 
Figure 2-8. Annual mercury discharges. Mercury is only rarely detected in the effluent, and fewer 
than ten pounds were discharged in 2012. (Note that prior years’ outfall monitoring overviews reported 
loads in pounds per day.) 
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Polychlorinated biphenyl (PCB) and pesticide loads also decreased in 2012 and were 
similar to loads discharged in 2007 and 2009 (Figure 2-9).  About two pounds of 
PCBs and two pounds of pesticides were discharged.  All contaminant loads remained 
well below those that had been anticipated during the planning process for the 
relocated outfall.  Those predictions had been that more than 10 pounds of the 
pesticide DDT and its breakdown products and more than 100 pounds of PCBs would 
be discharged each year. 
 
 
 

 
Figure 2-9. Annual PCBs and pesticides discharges. New methods were implemented in 2006 to 
detect these compounds, which are present at very low levels. PCBs and the pesticides DDT and 
chlordane were banned in the 1970s and 1980s but persist in the environment (4-4’ DDE is a DDT 
breakdown product and the only form detected in the effluent). (Note that prior years’ outfall 
monitoring overviews reported loads in pounds per day.) 
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Contingency Plan Thresholds 
DITP had no permit violations, and there were no exceedances of the Contingency 
Plan effluent thresholds in 2012 (Table 2-1).  For a second consecutive year, DITP 
achieved the NACWA Platinum Award for facilities having five consecutive years 
with 100% permit compliance.  
 
 
 
Table 2-1. Contingency Plan threshold values and 2012 results for effluent monitoring. cBOD = 
carbonaceous biological oxygen demand, NOEC = no observable effect concentration, LC50 = 50% 
mortality concentration, NA = not applicable 

Parameter Caution Level Warning Level 2012 Results 
pH None <6 or >9 Not exceeded 

Fecal coliform bacteria None 

14,000 fecal coliforms/100 
ml (monthly 90th percentile, 
weekly geometric mean, 
maximum daily geometric 
mean, and minimum of 3 
consecutive samples) 

Not exceeded 

Chlorine, residual None 631 µg/L daily, 
456 µg/L monthly Not exceeded 

Total suspended solids None 45 mg/L weekly 
30 mg/L monthly Not exceeded 

cBOD None 40 mg/L weekly, 
25 mg/L monthly Not exceeded 

Toxicity None 

Acute: effluent LC50<50% 
for shrimp and fish 
Chronic: effluent NOEC for 
fish survival and growth and 
sea urchin fertilization 
<1.5% effluent 

Not exceeded 

PCBs Aroclor=0.045 ng/L None Not exceeded 

Plant performance 5 violations/year Noncompliance >5% of the 
time  Not exceeded 

Flow None Flow >436 mgd for annual 
average of dry days Not exceeded 

Total nitrogen load 12,500 mtons/year 14,000 mtons/year Not exceeded 
Floatables NA 
Oil and grease None 15 mg/L weekly Not exceeded 
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3. Water Column 
The water-column monitoring program measures physical processes and water 
quality and studies phytoplankton and zooplankton at stations at the mouth of Boston 
Harbor, in Massachusetts Bay, and in Cape Cod Bay (Figure 3-1).   
 

 
Figure 3-1. Water-column monitoring stations. Also shown are two instrumented buoys, one 
operated by the Northeastern Regional Association of Coastal and Ocean Observing Systems 
(NERACOOS) and the other by the National Data Buoy Center (NDBC); the MWRA outfall diffuser; 
and the Stellwagen Bank National Marine Sanctuary.   
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The revised water-column monitoring plan implemented in 2011 (MWRA 2010, 
Werme et al. 2012) includes nine annual surveys at fourteen stations.  Monitoring 
includes sampling for vertical profiles of physical, chemical, and biological 
characteristics in the area around the outfall (the nearfield), where some effects of the 
effluent were expected and have been observed.  Similar measurements are carried 
out at farfield reference stations, including stations in Cape Cod Bay and near the 
Stellwagen Bank National Marine Sanctuary.  Additional surveys are conducted and 
stations sampled in response to Alexandrium fundyense red tide blooms.  The field 
monitoring program is augmented by measurements on two instrumented buoys, the 
Northeastern Regional Association of Coastal and Ocean Observing Systems 
(NERACOOS) Buoy A01 and the National Oceanic and Atmospheric 
Administration’s National Data Buoy Center (NDBC) Buoy 44013, and by satellite 
imagery.  
 
The program also benefits from collaboration with the Center for Coastal Studies at 
Provincetown, which conducts a monitoring program in Cape Cod Bay (see Section 
6, Special Studies).  The Center for Coastal Studies also conducts MWRA’s 
monitoring at stations in Cape Cod Bay and the Stellwagen Bank National Marine 
Sanctuary.  Regulators have set a target that, whenever possible, sampling in Cape 
Cod Bay should occur within 48 hours of MWRA Massachusetts Bay sampling and 
that any failure to meet that schedule should be reported in the annual outfall 
monitoring overview.  Except for one survey, in the first two years of sampling under 
the new monitoring plan, sampling in Cape Cod Bay was completed within 24 hours 
of sampling in Massachusetts Bay.  For that one survey (May 14–20, 2011), 
inclement weather delayed sampling in Massachusetts Bay until six days after the 
Cape Cod Bay survey had been completed.  All 2012 sampling was completed within 
the regulatory schedule. 
 

Physical Conditions 
Monitoring has shown that the water column in the vicinity of the outfall and 
throughout Massachusetts and Cape Cod bays is heavily influenced by river inflows, 
weather, and other physical factors.  Information about physical conditions has 
proven key to interpreting the annual monitoring data. 
 
The year 2012 was notably drier than other recent years (noted in Section 2, Effluent),  
with an unusually warm winter, a mixing event in June, and Hurricane Sandy in the 
fall.  The relatively dry conditions followed a period of wetter years in the Boston 
area and resulted in river discharges that were below average compared to 1992–2011 
(Libby et al. 2013).  Flows from both the Merrimack and Charles rivers were below 
average in every season and especially lower than average during the spring months 
(Figure 3-2). 
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Primary Productivity Model Evaluations 
Through 2010, MWRA measured primary productivity at three stations, one at the 
mouth of Boston Harbor (F23), one several kilometers to the northeast of the outfall 
(N04), and one a kilometer to the south of the outfall (N18).  (See Figure 3-1 in 
Section 3, Water Column, for station locations.)  In 2009, MWRA proposed ending 
that special study, because the measurements were costly and results had found that 
the relocated discharge did not result in detectable increased productivity near the 
outfall.  Regulators and their science advisory panel (OMSAP) concurred, but 
requested that MWRA evaluate other, less costly approaches to assessing primary 
productivity in marine waters.  
 
One alternative approach was to use a simple light-biomass model, known as BZpI0, 
which had been developed for estuaries.  BZpI0 multiplies the chlorophyll biomass 
present in the photic zone (the BZp term) by the intensity of the sunlight hitting the 
ocean surface (the I0 term).  BZpI0 has been found to be a suitable replacement for 
direct productivity measurements in many well-mixed coastal systems where the 
amount of available light limits algal growth.   
 
Comparisons between BZpI0 and productivity measurements had already been 
included in MWRA reports for 1992–2000. Those results were mixed, with good 
correlations for some stations in some years but poor correlations for other stations 
and years.   
 
A new evaluation of data from 2001–2010 found similar mixed results (Keay et al. 
2013).  Comparison of annual results found that some years showed a good 
correlation between BZpI0 and field measurements, but others did not.  Spatially, the 
correlation was better for data from the station at the mouth of Boston Harbor than it 
was for the offshore stations (Figure 6-4).  Spring and fall data correlated better than 
summer data (Figure 6-5).   
 
Overall, BZpI0 did not reflect the measured primary productivity well enough to 
consider its use as a replacement for direct measurements.  The variability in results 
was not surprising, because BZpI0 is a simple model with assumptions that are 
sometimes not met in Boston Harbor or Massachusetts Bay.   
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List of Acronyms 
BOD  Biochemical oxygen demand 
cBOD  Carbonaceous biochemical oxygen demand 
CHL-A  Chlorophyll 
CHV  Centrotubular hydropic vacuolation 
DDE  Dichlorodiphenyldichloroethylene 
DDT  Dichlorodiphenyltrichloroethane 
DIF  Deer Island Flats 
DIN  Dissolved inorganic nitrogen 
DITP  Deer Island Treatment Plant 
ECCB  Eastern Cape Cod Bay 
EPA  U.S. Environmental Protection Agency 
FF  Farfield 
HMW  High molecular weight 
IAAC  Inter-Agency Advisory Committee 
IH  Inner Harbor 
IPUE  Individuals per unit effort 
LC50  50% mortality concentration 
LMW  Low molecular weight 
LNB  Outfall site B 
MADEP Massachusetts Department of Environmental Protection 
MWRA  Massachusetts Water Resources Authority 
NA  Not analyzed/not applicable 
NACWA National Association of Clean Water Agencies 
NB  Nantasket Beach 
NERACOOS Northeastern Regional Association of Coastal Ocean Observing  
  Systems 
NDBC  National Data Buoy Center 
NF  Nearfield 
NOEC  No observed effects concentration 
NPDES  National Pollutant Discharge Elimination System 
OMSAP Outfall Monitoring Science Advisory Panel 
OS  Outfall site 
OSM  Outfall site 
PAH  Polycyclic aromatic hydrocarbon 
PCB  Polychlorinated biphenyl 
PE  Pemaquid Point, Maine 
PIAC  Public Interest Advisory Committee 
PSP  Paralytic shellfish poisoning 
RPD  Redox potential discontinuity 
T  Temperature 
WC  Water column 
 

 








