



 
Executive Summary 
Swimming is one of the most popular recreational activities in Massachusetts (EOEEA, 2017), with over 111 million individual trips to coastal beaches annually (EOEEA, 2007). Each year, the Massachusetts Department of Public Health (DPH), Bureau of Climate and Environmental Health’s Environmental Toxicology Program collects beach water quality data from local health departments and the Massachusetts Department of Conservation and Recreation. This report provides a description and summary of that information.
· [bookmark: _Hlk67562046]Water quality: In 2023, a total of 16,297 water samples were collected from 596 marine and 583 freshwater beach sampling locations. These locations represent 574 marine and 540 freshwater beaches statewide, with 100% of marine and 99.4% of freshwater beach communities reporting water quality information to DPH. Approximately 8.0% and 5.6% of samples exceeded the Massachusetts bacterial water quality standards for marine and freshwater beaches, respectively, higher than in previous years. While exceedances were above average in 2023, the overall low historical exceedance rates indicate that Massachusetts beaches generally have high water quality. Elevated bacteria accounted for 77% of beach posting days for poor water quality; additional reasons for notifications included cyanobacterial harmful algae blooms, rainfall (typically associated with elevated bacteria), and combined sewer overflows (CSOs). 

· Field data: In 2023, nearly all water samples (98%) submitted to DPH had accompanying field data. Recent rainfall was identified as the most important factor contributing to elevated bacteria levels at recreational waterbodies. As in previous years, the exceedance rate was greatest in the 24 hours following rainfall. Pollution sources, particularly the presence of larger numbers of birds at marine and freshwater beaches, were also associated with higher levels of bacteria.

· Public notification: DPH published a new online beach water quality dashboard during the 2023 beach season (https://www.mass.gov/info-details/interactive-beach-water-quality-dashboard), which provides near real-time information on bacteria levels at public beaches, as well as information on current beach postings. The dashboard attracted over 65,000 page views and 43,000 unique visitors despite only being released at the end of July 2023. Individuals are also notified of unsafe conditions at beaches by physical signage that beach operators are required to post. In 2023, 97% of marine and 74% of freshwater beaches were in compliance with the public notification requirements. The lower compliance rate at freshwater beaches is likely to be a reporting failure, rather than a public notification failure, as the missed posting reports come from a small number of towns. DPH will work with these towns this coming season to improve reporting. 
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Introduction
Health risks to swimmers associated with poor water quality have been documented in numerous studies (Marion et al., 2010; Wade et al., 2003). Beachgoers may be exposed to pathogens through recreational activities in and around polluted waterbodies (Hlavsa et al., 2015). In the United States, most swimming-associated illnesses are caused by a variety of pathogens associated with fecal contamination (Cabelli et al., 1982; USEPA, 2012).  Fecal matter can enter beach water in a variety of ways: sewage treatment system failures, combined sewer overflows, discharge of sewage by boats, re-suspension of sediments, and rainfall with resulting surface runoff (Galfi et al., 2016; Rodrigues et al., 2016). 

To minimize swimming-associated illness and injury and to notify the public about the quality of beach water, DPH regulations require regular water quality monitoring and public notification of unsafe conditions.  All public and semi-public bathing beaches in Massachusetts are monitored for fecal indicator bacteria (FIB), and on occasion, harmful algae.  Monitoring occurs during the beach season which generally begins the weekend of Memorial Day and ends during the weekend of Labor Day.

DPH adopted the U.S. Environmental Protection Agency (USEPA) criteria for enterococci and E. coli in marine- and fresh-waters in 2001. These criteria consist of both a single sample and geometric mean (geomean) value reported as colony forming units per 100 milliliters of water (CFU/100 mL) (see Table 1). When beach water exceeds these water quality standards, DPH requires that the beach be posted with a notice alerting the public to the possible risk of swimming. 

At a majority of beaches in Massachusetts, water quality is considered to be unacceptable when two samples collected on consecutive days exceed the water quality standards. This approach is consistent with DPH regulations and has helped to minimize the impact of beach closures on vulnerable socio-economic populations, whose local beach may be the only accessible means of recreation during the summer.   

Some of the highest use beaches operated by the state are in the urban areas of Boston, Lynn, Quincy, and Revere.  Beaches with a history of multi-day elevated bacteria levels are required to post after a single exceedance. Posting is also required when the geomean of the five most recent samples exceeds the geomean standard.

	Beach Type
	Indicator
	Single Sample
	Geomean

	Marine
	Enterococci
	>104
	>35

	Freshwater
	Enterococci
	>61
	>33

	
	E. coli
	>235
	>126


Table 1. DPH recreational water quality criteria (CFU/100 mL)

In addition to water samples, field data such as days since rainfall and potential pollution sources are required to be recorded at the time of sample collection. Field data help facilitate the interpretation of bacteria data and can improve the understanding of water quality at the local and state level.
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Short Beach, Nahant, MA
Photo by Logan Bailey
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Water Quality
Marine beach exceedances During the 2023 beach season, 8,504 samples were collected and analyzed from 596 marine sampling locations in the 61 communities with marine beaches. Of these 596 locations, 254 (42.6%) had at least one bacterial exceedance. A total of 680 out of the 8,504 samples exceeded the 104 CFU/100 mL standard bringing the percentage of exceedances for marine waters to 8.0%. The 2023 exceedance rate is higher than the historic average (5.2%) (Figure 1).
Figure 1. Marine beach exceedance rate (2001 – 2023).
Freshwater beach exceedances During the 2023 beach season, 7,793 samples were collected and analyzed from 583 freshwater sampling locations in the 181 communities reporting freshwater beach data. Most freshwater beaches (89%) used E. coli as the fecal indicator bacteria, with the other 11% using Enterococci. Among the 583 freshwater locations, 178 (31%) had at least one bacterial exceedance. A total of 433 out of 7,793 samples (5.6%) exceeded the single sample standard, which represents an exceedance rate above the historic average exceedance rate of 4.2% (Figure 2). 




Figure 2. Freshwater beach exceedance rate (2001 – 2023).
Posting beaches In 2023, there were a combined 4,528 posting days across the 1,114 beaches where individuals were advised to not swim in the water. The majority of posting days were due to the exceedance or expected exceedance (e.g., rainfall) of a water quality standard. For marine beaches, there were 1,949 total posting days due to either elevated bacteria (91% of days), rainfall (1%), combined sewer overflows (5%), or other reasons (3%) (Figure 3). For freshwater beaches, there were 2,579 posting days due to either elevated bacteria (66%), cyanobacterial harmful algal blooms (29%), rainfall (1%), and other reasons (4%) (Figure 3). Other reasons for posting include: missed sampling, flash flood, petroleum in water, exceedances at adjacent beaches, and weed mitigation work at the beach.

  
Figure 3. Posting details for marine and freshwater beaches in 2023.



Rainfall  Rainfall is recognized as one of the major drivers of bacterial exceedances in beach water (Harder-Lauridsen et al., 2013). Historically, overall exceedances at both marine and freshwater beaches generally rise and fall with the total amount of summer rainfall, with some exceptions. In 2023, this pattern was observed in both marine and freshwater results (Figure 4). The rainfall data were obtained from the National Oceanic and Atmospheric Administration (NOAA, 2023). Data sets from two coastal communities, Boston and Chatham, were used to represent monthly rainfall amounts at marine beaches. For rainfall at freshwater beaches, data sets from Amherst and Ashburnham, along with those from Boston and Chatham, were used to represent monthly rainfall across the state.
  


Figure 4. The historical relationship between rainfall amounts and exceedance rates at (A) marine and (B) freshwater beaches.
Occurrences of exceedances will typically drop as time between rainfall and sample collection increases. For both marine and freshwater beaches in 2023, samples collected in the 24 hours following rainfall were most likely to exceed the state standard (Figure 5).
 [image: Chart, bar chart

Description automatically generated]Figure 5. Relationship between the exceedance rate and days since rainfall in 2023.
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 Bank Street Beach, Harwich, MA
 Photo by Irena Draksic


Potential pollution sources Starting in 2017, beach operators were asked to report the number of swimmers, birds, and dogs present in the water when a sample was collected. Figure 6 shows the mean bacteria levels of samples at marine and freshwater beach locations in 2023 compared to the number of reported swimmers, birds, and dogs. The data indicate that the presence of larger numbers of birds was associated with increases in bacteria levels at marine and freshwater beaches. No clear relationship was observed between bacteria levels and the number of humans or dogs present. Enterococci results at freshwater beaches were not included in this analysis due to the low number of samples. 



Figure 6. Mean bacteria levels and numbers of birds, dogs, and humans at marine (top) and freshwater (bottom) beaches in 2023.
Environmental Justice Communities Beach access and water quality are particularly important in environmental justice (EJ) communities, as these communities are disproportionally affected by the increased presence of environmental hazards and poor health outcomes (DPH, 2017). For example, EJ communities have high population densities, low income, and high levels of non-vehicle ownership.  This means that more individuals in these communities, compared to other areas in the state, will tend to frequent a local public beach for cooling off or enjoying summer recreation.  As rainfall is a significant factor in flushing enteric bacteria into beach water, any increase in rain near a population-dense EJ area will lead to an increase in exceedances.
Town EJ population data from the Massachusetts Executive Office of Energy and Environmental Affairs (EOEEA 2022) were used to evaluate water quality of beaches located near EJ communities. In 2023, beaches located in municipalities with more than 50% of the population living in EJ areas had a higher exceedance rate than other beaches (Figure 7).

Figure 7. Relationship between 2023 beach exceedance rate and municipal EJ population data. 
Public Notification
Beach website During the 2023 season, DPH published an online beach water quality dashboard (https://www.mass.gov/info-details/interactive-beach-water-quality-dashboard) to provide the public with up-to-date beach testing data and beach posting information in an accessible, easy-to-use format. The dashboard is updated twice daily throughout the beach season (Memorial Day to Labor Day).

Between its launch on July 30th, 2023, and the end of April 2024, the dashboard was viewed over 65,000 times by nearly 43,000 unique visitors. Since the dashboard stops updating once the beach season ends on Labor Day, most of the page views occurred during August 2023. Despite being live for only 5 weeks of the beach season, the dashboard attracted 6 times more page views than the previous DPH website did over the entirety of the 2022 beach season.

In 2023, DPH also developed a new data portal for local health departments, beach operators, and testing laboratories to use when reporting beach water quality results and beach posting information to DPH. This portal replaced and improved upon DPH’s previous beach data reporting system. The portal was piloted by coastal communities during the 2023 season and will be available statewide for the 2024 season.

Beach postings When water quality standards are exceeded or other safety concerns exist, beach operators are required to post signage at the beach advising individuals of the hazard and recommending they stay out of the water. This is an essential part of the public notification system. Based on posting data reported to DPH, marine and freshwater beaches were posted properly 97% and 74% of the time, respectively. The lower compliance rate at freshwater beaches is likely to be a reporting failure, rather than a public notification failure, as the missed posting reports come from a small number of towns. DPH will work with these towns this coming season to improve reporting. 
Conclusions
In 2023, the exceedance rates at both marine and freshwater beaches were well above the historical average due in large part to the high amount of rainfall in Massachusetts during the summer of 2023. However, average historical exceedance rates of 5.2% at marine beaches and 4.2% at freshwater beaches indicate that the state has beaches with generally good water quality. Elevated bacteria levels, rainfall events, and cyanobacterial harmful algal blooms were the primary drivers of beach posting days for poor water quality. Public notification of beach testing results and postings via DPH’s new dashboard was a highly utilized means of communicating with the public. 
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For more information, please visit:
DPH Beaches website: http://www.mass.gov/beaches 

DPH Algae website: http://www.mass.gov/dph/algae


Or contact:
Massachusetts Department of Public Health
Bureau of Climate and Environmental Health
Environmental Toxicology Program
250 Washington Street
Boston, MA 02108
Email: dph-beach@mass.gov
Phone: (617) 624-5757







  



	



 
40 Steps Beach, Nahant, MA
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Marine Exceedance Rate	2001	 	2004	 	2007	 	2010	 	2013	 	2016	 	2019	2022	6.1666666666666668E-2	2.7287557467002819E-2	4.1672267777927138E-2	4.2704626334519574E-2	4.5707915273132664E-2	4.8387096774193547E-2	3.2186604117800367E-2	5.6705081194342588E-2	7.0328858233772634E-2	6.1876499558025003E-2	5.909090909090909E-2	4.2842867849113168E-2	5.8411214953271028E-2	4.3773283661522083E-2	4.8447204968944099E-2	3.4665991902834009E-2	4.0952137189659586E-2	4.9830124575311441E-2	6.0673877906253885E-2	5.1108150660046023E-2	7.8781387599666783E-2	5.3290795226279095E-2	7.9962370649106301E-2	Historical Average	2001	 	2004	 	2007	 	2010	 	2013	 	2016	 	2019	2022	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	5.2134782131489407E-2	Year

Exceedance Rate [%]



Freshwater Exceedance Rate	2001	 	2004	 	2007	 	2010	 	2013	 	2016	 	2019	2022	5.9458502919837196E-2	4.063031052062413E-2	5.1447935921133704E-2	3.6510324080404756E-2	4.0011191941801902E-2	3.7510083355740791E-2	2.9585057038987089E-2	4.1485830993106973E-2	2.8891202498698594E-2	3.9919893190921228E-2	5.7015239096163954E-2	2.662052442433116E-2	3.8152336830630879E-2	2.6637673280782821E-2	4.1867546308043645E-2	3.0129870129870132E-2	3.7767683322517842E-2	4.9382716049382713E-2	3.2532200239012085E-2	5.5581074873679373E-2	6.6832983193277309E-2	4.6469129356480877E-2	5.5562684460413195E-2	Historical Average	2001	 	2004	 	2007	 	2010	 	2013	 	2016	 	2019	2022	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	4.1880119927288177E-2	Year

Exceedance Rate [%]



Elevated bacteria	
Freshwater	Marine	0.65761923226056607	0.91021036428937918	Rainfall	Freshwater	Marine	8.1426909654904994E-3	1.0261672652642381E-2	Algae	
Freshwater	Marine	0.29158588600232649	0	Other	
Freshwater	Marine	4.2652190771616909E-2	7.9527963057978449E-2	


Exceedance rate	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	6.1666666666666668E-2	2.7287557467002819E-2	4.1672267777927138E-2	4.2704626334519574E-2	4.5707915273132664E-2	4.8387096774193547E-2	3.2186604117800367E-2	5.6705081194342588E-2	7.0328858233772634E-2	6.1876499558025003E-2	5.909090909090909E-2	4.2842867849113168E-2	5.8411214953271028E-2	4.3773283661522083E-2	4.8447204968944099E-2	3.4665991902834009E-2	4.0952137189659586E-2	4.9830124575311441E-2	6.0673877906253885E-2	5.1108150660046002E-2	7.9000000000000001E-2	5.2999999999999999E-2	0.08	Rainfall amount (in.)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	11.49	7.7	10	9.9	7.8	16	6.3	10.199999999999999	13.6	9.8000000000000007	12.7	8.3000000000000007	14.2	9.3000000000000007	9.8000000000000007	3.9	10.9	8.7799999999999994	11.994999999999999	4.665	12.3	4.4000000000000004	16.175000000000001	Year

Exceedance rate (%)

Rainfall amount (inch)



Exceedance rate	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	5.9458502919837196E-2	4.063031052062413E-2	5.1447935921133704E-2	3.6510324080404756E-2	4.0011191941801902E-2	3.7510083355740791E-2	2.9585057038987089E-2	4.1485830993106973E-2	2.8891202498698594E-2	3.9919893190921228E-2	5.7015239096163954E-2	2.662052442433116E-2	3.8152336830630879E-2	2.6637673280782821E-2	4.1867546308043645E-2	3.0129870129870132E-2	3.7767683322517842E-2	4.9382716049382713E-2	3.2532200239012085E-2	5.5581074873679373E-2	6.7000000000000004E-2	4.5999999999999999E-2	5.6000000000000001E-2	Rainfall amount (in.)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	11.5	8.5	12	10.1	9.6	15.3	8.3000000000000007	13.5	15.8	10	15.1	9.8000000000000007	15.7	11.4	12	5.4	10.7	13.8	11.54	7.4750000000000005	14.8	6	18.112500000000001	Year

Exceedance rate (%)

Rainfall amount (inch)



0	# of Humans	# of Birds	# of Dogs	40.802802	36.215600000000002	38.732109999999999	1 to 5	# of Humans	# of Birds	# of Dogs	36.40099	36.694099999999999	55.978700000000003	6 to 10	# of Humans	# of Birds	# of Dogs	21.521739	52.921100000000003	64.2	>	10	# of Humans	# of Birds	# of Dogs	21.497039999999998	134.03829999999999	0	
Mean Enterococci result [cfu/100mL]




0	# of Humans	# of Birds	# of Dogs	59.074849999999998	55.798896999999997	57.766179999999999	1 to 5	# of Humans	# of Birds	# of Dogs	44.2926	50.387300000000003	64.004499999999993	6 to 10	# of Humans	# of Birds	# of Dogs	58.906556999999999	75.913386000000003	46.033299999999997	>	10	# of Humans	# of Birds	# of Dogs	77.034520000000001	150.9547	61.8	
Mean E. coli result [cfu/100mL]




<	 25% in EJ area	
Freshwater Beaches	Marine Beaches	4.7896558004006558E-2	4.8749198203976905E-2	25% - 50% in EJ area	
Freshwater Beaches	Marine Beaches	4.2293906810035843E-2	7.9365079365079361E-2	>	 50% in EJ area	
Freshwater Beaches	Marine Beaches	0.12238147739801543	0.15123606398448861	
Exceedance Rate [%]
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