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liter are considered lethal to aquatic life, while concentrations above two but 
below four or five milligrams per liter may support aquatic life, but warrant 
further study. However, prolonged periods of exposure to below optimum 
conditions may stress some aquatic life.  

Trends 
Ocean 

While monitoring began in 1979, assessment of dissolved oxygen in ocean 
waters did not begin until 2002 when the USEPA changed the reporting 
requirements for states, and integrated the 305b water quality reporting and 
303d impairment listings into one document. The data revealed that 70% of 
the New Jersey's ocean waters (bottom waters only) did not meet the State’s 
surface water criterion.  The three charts below show historical data from the 
USEPA helicopter dissolved oxygen transect flights for areas 0 to 3 nautical 
miles off New Jersey’s coast. The helicopter flights consisted of ten transects, 
each with 5 sample locations from 1 to 9 nautical miles offshore, extending 
from Sandy Hook to Cape May, and consisted of grab samples to provide a 
snapshot of coastal dissolved oxygen conditions. Due to cost constraints, the 
helicopter transect flights were discontinued after 2005.  The historical data is 
useful to describe background conditions.  On average, 100 surface and 100 
bottom samples were collected each summer season (June through August) 
until 1997.  After 1997 only bottom samples were collected.   The data show 
that each summer between 1979-2005, bottom-level dissolved oxygen 
concentrations fell below 5 mg/l, the State Surface Water Quality criteria for 
ocean waters, (see Percentage of Ocean Bottom Dissolved Oxygen Samples 
Below 5 mg/l by Year), with a minimum concentration of <2 mg/l in 16 of the 
27 years (See Minimum Ocean Bottom Dissolved Oxygen Concentration by 
Year). Samples from the surface showed very few instances when dissolved 
oxygen concentrations fell below 5 mg/l.  A maximum of 2.8% of samples 
were less than 5 mg/l in 1990. Many years, however, there were no surface 
samples recorded less than 5 mg/l (See Percentage of Ocean Surface 
Dissolved Oxygen Samples Below 5 mg/l by Year).  

 

Background 
Dissolved oxygen is a measure of the amount of oxygen dissolved in the 
water column, and is a fundamental requirement for the maintenance of 
balanced populations of fish, shellfish, and other aquatic organisms, in both 
estuarine and near shore coastal waters. Estuarine and near shore ocean 
waters influence each other with the tidal water flow through inlets and from 
coastal rivers. For example, south-to-west coastal winds can cause ocean 
upwelling events that carry cold, nutrient-rich water into the estuaries. In the 
opposite direction, rain events over land can wash nutrient loads into the 
estuaries and rivers, which will then flow into the ocean. These events can 
result in algal blooms which, during die off, can deplete oxygen from the water 
column. The nature and extent of various organisms’ response to low oxygen 
concentrations depends on several factors including the concentration of 
oxygen in the water, the duration of the organism’s exposure to reduced 
oxygen, and the age and physiological conditions of the organism. Because of 
the effect of low dissolved oxygen on the biological community, dissolved 
oxygen has been used as a surrogate for ecological health.   

 

Because dissolved oxygen is so important to aquatic life, New Jersey has 
established surface water criteria for oxygen levels in marine waters. The 
surface water criteria is five milligrams per liter (mg/L) for ocean waters and 
four milligrams per liter for estuarine waters. Surface water is defined as all 
water that is above ground, such as such as rivers, streams, lakes, bays and 
the ocean. Therefore, bottom samples collected from deep waters are 
considered surface water samples, and are thus assessed against surface 
water criteria. Bottom samples are used for assessment in deeper water 
because they represent a “worst case” for dissolved oxygen concentrations, 
due to poor mixing with the atmosphere and limited light that would help 
support aquatic plants that assist in adding oxygen to the water. Low deep-
water dissolved oxygen concentrations can also impact non-motile benthic 
dwelling organisms, such as worms and shellfish, causing an adverse 
ecological impact. Dissolved oxygen concentrations below two milligrams per 
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The difference between surface and bottom results suggests strong water 
column stratification, with the surface being well mixed with the atmosphere. 
The historical data shows that ocean bottom low dissolved oxygen 
conditions occur on an annual basis, which may be due to natural physical 
oceanographic conditions.   

In response to the historical ocean-bottom low-dissolved-oxygen conditions, 
and the stratification of the surface and bottom, the DEP, USEPA, and 
Rutgers University have performed studies to better characterize the 
dissolved oxygen concentrations off of the New Jersey coast.  One project 
employs the use of Slocum Gliders, which are fitted with continuous 
dissolved oxygen sensors, to investigate the factors that influence low 
bottom oxygen conditions and to get a better understanding of the near 
shore New Jersey coastal ocean oxygen conditions during the summer 
months.  The other project involves the development of an Ocean Benthic 
Index to better understand the impacts of low dissolved oxygen 
concentrations on the biological community.  These projects which were 
initiated in 2011 and 2012 are discussed in greater detail at the end of this 
report.   
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Estuaries 

The chart below (New Jersey Estuarine Waters Impaired for Dissolved 
Oxygen During the Summer Months) shows the trend with regard to 
estuarine waters assessed for summer dissolved oxygen conditions over a 
15-year period.  The percent of waters exhibiting impairment has varied over 
the years. No clear reason can be found for the fluctuating impairments, but 
variation from year to year can be caused by numerous factors such as the 
weather preceding the sample collection, water temperature, water quality 
parameters (e.g., nutrients, chlorophyll a), and the time of sample collection. 
The data assessed were from grab samples, which are usually collected 
between 7 am and 11 am. Water samples collected during this time frame 
may not include the minimum dissolved oxygen concentration - which may 
occur during the very early morning hours, before sunrise.  To look for any 
long term changes and their causes, more continuous monitoring of 
dissolved oxygen is needed to understand the daily fluctuations (diurnal 
changes) and how it relates to weather conditions and water quality 
conditions.  Data from 2013 were collected and are undergoing quality 
assurance review.  

Highlight: Barnegat Bay 

Barnegat Bay exhibits very good oxygen conditions, with very few 
dissolved oxygen samples recorded at less than the State’s 4 mg/l surface 
water quality criteria for estuaries between 1998 and 2012 (see Percent of 
Summer Samples Below 4 mg/l  of Dissolved Oxygen, Barnegat Bay, 
below). Grab water samples are collected at a minimum of 15 fixed 
stations throughout the Bay each year at a minimum frequency of once 
every 3 months. The limitation of this data is that all of the sample results 
are collected between 7am and 11am and therefore may not include the 
minimum dissolved oxygen concentration - which may occur during the 
very early morning hours, before sunrise.  Data from 2013 were collected 
and are undergoing quality assurance review.   

To supplement the fixed grab sample monitoring described above, four 
continuous monitoring buoys are located throughout the Barnegat Bay 
Estuary (see map and graphs of each station data below) to measure the 
diurnal changes in the dissolved oxygen concentrations. The oxygen 
sensor in the buoy is located 3 feet below the surface which, in many 
areas of the bay, is about mid-depth in the water column. Barnegat Bay is 
a shallow and well mixed estuary, so mid-depth sampling is a good 
representation of the oxygen conditions.   The figures for each of the 
buoys show the continuous dissolved oxygen data collected from the 
buoys between May and November 2012 from Barnegat Bay. The data 
show very few instances where dissolved oxygen dropped below 4 ppm.  
The two gaps in the data at the Little Egg Inlet were a result of equipment 
malfunctions. 
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Locations of the continuous monitoring buoys throughout 
the Barnegat Bay Estuary 
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Outlook and Implications  
 
Estuaries 

The trend for New Jersey's estuarine (bay) waters shows a high degree of 
variability from year to year. In addition, the factors responsible for long-term 
changes in dissolved oxygen levels are poorly understood. In recent years, 
data on the health of the benthic community in New Jersey's estuarine waters 
has been collected to complement ongoing dissolved oxygen measurements 
and to, hopefully, provide a more complete picture of the health of the state's 
estuarine waters.  

The trend for Barnegat Bay also shows a high degree of variability from year 
to year. Eleven of the 15 years show no dissolved oxygen impairment within 
the estuary. This assessment is based on fixed station single grab samples. 
The newer buoy data will be able to provide a better assessment of oxygen 
conditions throughout the estuary. 

Ocean 

A new Ocean Benthic Index was developed in 2012.  The ensuing 
assessment of the health of the near shore ocean benthic community, using 
this new index, showed it to be non-impaired, even with the summer low 
oxygen conditions.  A comparison of data collected from 2007, 2009, and 
2010 with the Ocean Benthic Index is ongoing.  Additional sampling of the 
ocean benthos is planned, to look for trends in the health of New Jersey’s 
ocean waters.  

In addition, Slocum Gliders fitted with dissolved oxygen sensors were 
deployed in the summers of 2011 and 2012 to better understand the oxygen 
conditions of the near shore ocean waters off of the New Jersey Coast. 
Slocum Gliders are autonomous underwater vehicles (AUVs) that are 5 feet 
long, use ocean currents as propulsion, wings for steering, and record 
locations by GPS. These gliders record dissolved oxygen, salinity, and 
temperature data every second. They glide through the water column from 
surface to bottom, east to west, and north to south, to give a 3-dimensional 
view of the dissolved oxygen conditions, and can be used to understand the 



magnitude and duration of the low dissolved oxygen events.  Data from the 
gliders is currently being evaluated. An example of the data, from the 
August 2012 deployment is represented below. This plot shows the ocean 
dissolved oxygen conditions from 8/15/2012 to 8/30/2012. The colors 
represent the oxygen concentration - the black color is the ocean floor, with 
the depth in meters on the left. The graph shows a clear separation of 
oxygen levels between the surface and the bottom, with lower concentration 
of oxygen (blue color) near the bottom for the period 8/15 through 8/24.  
This difference is a normal occurrence and is due to the separation of 
cooler bottom water from warmer surface water and the lack of aeration and 
mixing of the cooler bottom water with the atmosphere. A strong storm front, 
with 60 mph winds, passed through the area on 8/24, mixing the water 
column, and resulting in higher dissolved oxygen concentrations deeper into 
the water column (red color).  
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More Information 

Additional information can be obtained by contacting DEP's Bureau of Marine 
Water Monitoring at (609) 748-2000 or by visiting www.nj.gov/dep/bmw.  

 
 

http://www.nj.gov/dep/bmw�
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