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Abstract

Dissolved oxygen concentrations in freshwater streams is an important regulator of
ecosystem processes and an indicator of stream health. This study investigates the
impacts of urbanization and temperature on dissolved oxygen fluctuations in streams.
Field measurements, laboratory experiments, and statistical analysis of dissolved
oxygen, land use and temperature were evaluated in eight streams of the Gwynns Falls
and Anacostia watersheds along an urban to rural gradient. Temperature and dissolved
oxygen measurements were taken from 8 long-term monitoring sites (5 Baltimore Long
Term Ecological Research sites and 3 Anacostia branch sites monitored by the U.S.
Geological Survey) in order to characterize fluctuations in dissolved oxygen influenced
by changes in land use and temperature. Laboratory experiments were conducted to
evaluate changes in 5-day biological oxygen demand (BOD) in 3 different temperatures
(5°, 15°, and 20° Celsius) and across land use by using a temperature controlled
incubator. Data collected from incubations, in situ temperature and land use underwent
ANOVA multivariable tests and Pearson correlation. BOD typically increased with
increasing temperature and varied with land use. There was a strong correlation
between BOD in urban streams and forested streams at incubation temperatures
between 15° and 20° Celsius. These characteristics of BOD dependence on
temperature and land use are demonstrated to impact seasonal dynamics of dissolved
oxygen.

Introduction

Urbanization is a rapidly growing form of land use change, second to agriculture in its
extensive total area globally (UN Population Division, 1997; US Census Bureau, 2001).
Although it only consumes 2% of the earth surface, its ecological footprint is significant
(Folke et al., 1997; Paul and Meyer, 2001); over 130,000 km of streams and rivers in
the United States are impaired by urbanization, meaning streams do not meet EPA
water quality standards for intended use (USEPA, 2000). Given forecasted patterns in
urbanization, the extent of stream degradation in watersheds will likely increase globally
(Paul and Meyer, 2001; Walsh et al., 2005; Kaushal et al., 2005) and it is expected that
more than 60% of the world population will live in urbanized areas by 2030 (UN
Population Division, 1997).

A main concern of urbanization is the hydrological response to an increase of
impervious area within watersheds and streams including paved terrain and concreted
drainage channels (Dunne and Leopold, 1978; Imbe et al., 1997; Finkenbine et al.,
2000; Lee and Bang, 2000; Bledsoe and Watson, 2001; Rose and Peters, 2001;
Brezonik and Stadelmann, 2002; Schoonover et al, 2005). Increased imperious area
decreases surface water infiltration into soils resulting in frequent, volumous storm
events (Hirsch et al., 1990 and Schoonover et al., 2005). In order to accommodate the



increase in flow, streams experience geomorphological changes through high erosion
rates (Arnold et al., 1982; Gregory et al., 1992). These changes lead to increased
sediment loads, toxic trace elements, nutrients and biotic activity (Walling and Gregory,
1970; Waller and Hart, 1986; Wahl et al., 1997; Hunter et al., 1979; Norman, 1991;
Callender and Rice, 2000; Emmerth and Bayne, 1996; Herlihy et al., 1998; Lee and
Bang, 2000; Rose, 2002; Gregory and Frick, 2000; Schoonover et al., 2005). Although
a growing body of work focuses on the effects of urbanization on streams, less is known
regarding how global warming and stream channel alteration will interact to influence
biogeochemical processes and cycles.

| hypothesize that biological oxygen demand will decrease with an increase
in temperature and increase in watershed land use. Conversely, | hypothesize
that biological oxygen demand will increase with a decrease in temperature and
decrease in watershed land use. In this study, a statistical approach has been taken
to assess the influence of land use on biological oxygen demand (BOD) and
temperature. Due to microbial respiration and elevated temperatures, dissolved oxygen
(DO) concentrations fluctuate in a rapid manner and reach levels which are inhospitable
to stream ecosystems. It is possible to analyze the significance of the relationship
between temperature and land use and how these factors relate to biological activity
through BOD.

Biological Controls on Dissolved Oxygen

The general water quality of a stream can be inferred from the concentration of DO in
the system (Alexander and Stefan, 1983 and Wang et al, 2003). The fluctuation of DO
which a stream experiences can be attributed to physical, chemical and biogeochemical
processes which are regulated by heterotrophic microbial communities and autotrophs.
Previous research has shown that land use has a strong influence on stream chemistry
and its biological components (Peierls et al., 1991; Hunsaker and Levine, 1995; Puckett,
1995; Howarth et al., 1996; Allan et al., 1997; Allan and Flecker, 1993; Richards et al.,
1996; Ometo et al. 2000). If urbanization can alter the primary source of organic matter
in a stream system, urbanization may change the dynamics of DO in stream systems. In
stream communities, organisms rely on two sources of organic matter for survival:
terrestrial material transported from upstream and material fixed within the channel
(Kaushik and Hynes, 1971; Minshall, 1978; Young and Huryn, 1999). Land use within a
stream’s drainage area can alter the source and relative importance of organic matter in
a stream (Wilcock, 1986; Quinn et al., 1992; Young and Huryn, 1999). For example,
deforestation can change the type and frequency of leaf litter input in a stream,
changing the seasonal availability of organic matter due to differing plant inputs and
decomposition rates (Delong and Brusven, 1994; Webster and Benfield, 1986;
Cummins et al., 1989). Additionally, the resulting increase in sunlight penetration will
increase primary productivity (Feminella et al., 1989; Young and Huryn, 1999). Land
development also increases primary productivity, as nutrients and sediments are
washed from construction and barren sites into streams (Malthus and Mitchell, 1988;
Smith, 1989). However, changes in bedload, sediment metal accumulation, and turbidity
due to storms can limit growth and reduce local microbial communities. Thus,
urbanization may result in rapidly changing DO concentrations as microbial
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Figure 1. Dissolved oxygen measured over a diurnal period. DO levels decreased to near
hypoxia conditions during the night, which could become a hazard to aquatic organisms sensitive to
oxygenated conditions.

communities appear and disappear due to changes in nutrients and sunlight and
heterotrophic microbial consumption of organic matter and conversion to carbon
dioxide.

Consequently, temperature, inflow chemistry and biotic activity are directly
affected by land use. For example, an unpublished study by Kaushal et al.
demonstrated the diurnal fluctuation of DO in streams local to the Chesapeake Bay
(Figure 1). The rapid drop in DO during a transition from day to night represents a
potential effect of urbanization on DO levels, where daytime concentrations range from
7 to 9 mg/L and nighttime concentrations are nearly hypoxic. This may be a result of
high respiration rates supported by a small photosynthesizing population during the day,
or another urbanization effect which regularly consumes O, overnight.

Physical Controls on Dissolved Oxygen: Air-Water Exchange

Urbanized stream channels are bordered primarily by concrete in a number of
variations: entirely concrete, partially concreted at tunnels when passing under roads, or
lined with broken concrete pieces. Water in concreted channels should have a higher
net temperature than natural streams, due to the low thermal diffusivity of concrete
compared to the high diffusivity of soil and groundwater (EPA 2005). In contrast, natural
streams are surrounded by permeable soils, allowing groundwater to flow in and heat to



be diffused evenly to surrounding materials. Overall, temperatures should be lower in
natural streams and higher in urbanized streams. Thus, the temperature difference
produced by urban heat island effects in nearby water bodies should influence oxygen’s
agueous solubility.

Based on the thermal diffusivity of concrete and the density of concreted,
urbanized streams in the Northern Chesapeake area, it can be concluded that
increased water temperatures are the cause of decreased DO in some urban streams
(Mackay and Shiu, 1981; Gosset, 1987; Sotelo et al., 1989; Staudinger and Roberts,
1996; Staudinger and Roberts, 2001). | suspect that stream water in concreted
channels maintain a higher constant temperature; as a result, O, comes out of solution
in these streams due a decrease in its aqueous solubility. Additionally, reduced tree
coverage will allow more sunlight to penetrate and warm the water due to lack of
shading. This may result in a more rapid change in temperature from day to night and
sunny to cloudy weather. | expect urbanized streams to experience greater fluctuations
and variability in water temperature and a greater net temperature than natural streams.

Study Area
Anacostia Watershed Washington DC

Anacostia Watershed extends into two physiographic provinces and is characterized by
free-flowing and freshwater tidal segments. The Piedmont province is characterized by
narrow and sloped valleys of shallow soils. The Fall Line, which falls along the
Montgomery/Prince George’s County boundary, delineates the transitional zone from
the Piedmont province to the Coastal Plain province (Figure 2). The Northwest Branch,
Northeast Branch and tidal drainage areas comprise the watershed. The confluence of
Northwest and Northeast Branches forms the Anacostia River within close proximity to
Bladensburg, Maryland. The drainage area consists of the tidal river, its flood plains and
small Coastal Plain streams which flow into the tidal river. Most of the Coastal Plain
streams are enclosed in storm sewer systems. The tidal reach of the Anacostia River is
8.4 miles (13.5 km) in length, from the Northeast/Northwest Branches confluence to the
Potomac River downstream, approximately 108 miles (174 km) upstream of the
Chesapeake Bay.

Paint Branch Stream is a free flowing tributary of the Anacostia River. It joins Indian
Creek south of College Park near Calvert Road, forming the Northeast Branch (Figure
3). The Paint Branch subwatershed boundary roughly is outlines by Cherry Hill Road to
the east, New Hampshire Avenue to the west and Spencerville Road to the north. Paint
Branch is the least developed subwatershed of the Anacostia. It predominantly consists
of low density residential development in addition to forest cover and some agriculture.
Its water quality is relatively good compared to other Anacostia tributaries. However, the
water quality and condition of the fishery and habitats downstream have been impaired.
This is due to higher imperviousness associated with increased land use density, storm
water impacts, channelization, loss of riparian buffering and increase thermal loads
(Feminella et al., 1989 and Quinn et al., 1992).
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Figure 2, Map of Anacostia Watershed with neighboring states for geographic reference,
Anacostia stream sitesindicated in color on roadmap.
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Figure 4. Northwest Branch of the Anacostia watershed. Its channel

is lined by 1-3 m boulders and slabs of concrete which have been
artificially placed. There is no tree coverage and no buffer zone for

runnff

Figure 3. Paint Branch of the Anacostia watershed. Its cannel is

lined by 1-4 m boulders and A/O horizon material. There is moderate

tree coverage and a broad buffer zone for runoff

Northwest Branch is a free flowing tributary to the tidal Anacostia River and its

confluence with the Northeast Branch forms the tidal river, upstream of Bladensburg,
MD (Figure 4). The Northwest Branch is located in Riverdale, MD at the intersection of
Riverdale Road and the Northwest Branch Tralil. It is highly urbanized and dominated by
residential land use in addition to commercial use. The Northwest Branch has been
found to experience high elevated temperatures due to lack of riparian buffer zone, tree
coverage, and concreted channel. This may contribute to impairment of biotic stream
communities



Northeast Branch is a free flowing tributary for the Anacostia River and its
confluence with Northwest Branch forms the tidal river, upstream of Bladensburg, MD
(Figure 5). The Northeast Branch is outlined by Greenbelt Road to the north, Hyattsville
to the south, Annapolis Road to the east and Adelphi Road to the west. It is highly
urbanized and dominated by residential land use in addition to industrial and
commercial use. It has been noted that the Northeast Branch experiences elevated
temperatures which may contribute to the impairment of biotic stream communities.

g The subwatershed is bounded by Olney-
Sandy Spring Road to the north, New
Hampshire Avenue and Adelphi Road to
the east, University Boulevard and
Georgia Avenue to the west and
Hyattsville to the south. The uppermost
part of the subwatershed is primarily
semi-rural with some agricultural and is
dominated by low density residential land
. use. The lower portions of the watershed
| Figure 5. Northeast Branch of the Anacostia vyatershed. !ts channel is are urbanized W|th h|gher residential
Coverage and a imied bt zone oot densities and commercial development.
The uppermost Northwest Branch is
home to some of the healthiest water quality conditions in the Anacostia Watershed.
Further downstream water quality deteriorates due to higher density development,
storm water impact, stream channelization downstream of Queens Chapel Road and a
corresponding deterioration of aquatic habitats and dependent biota.

Gwynn'’s Falls Watershed Baltimore

Pond Branch, Baisman Run, Gwynns Run, Carroll Park and Villanova are streams
within the Gwynns Falls watershed, which lies predominantly within the Piedmont
province and drains 17,150 ha within the Patapsco River drainage Basin. It flows
through Baltimore County and City, Maryland and into the Northwest branch of the
Patapsco River, eventually flowing into the Chesapeake Bay (Figure 6). The primary
channels of Gwynn’s Falls spans an urbanized gradient from densely populated, older
portions of Baltimore City to less densely populated, suburban and rural portions of
Baltimore County in the Northwest.

Pond Branch is a forested basin located in Oregon Ridge State Park in Cockeysville,
MD which is 10 km north of Baltimore City (Figure 7). It is entirely unpopulated and has
the highest water quality of the LTER sites.
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Baisman Run is located within the Oregon Ridge Park, near Ivy Hill Road (Figure 8).
It drains from forested landscape and unpolluted residential land into its headwaters.
Stream flow at the gauge site is controlled by a concrete barrier, on the upstream side
of the Ivy Hill Road Bridge.

Gwynns Run is located at the Carroll Park Municipal Golf Course, upstream from the
bridge on Washington Blvd. and northwest of Morrell Park (Figure 9). Gwynns Run
converges into Gwynns Falls less than 100 m upstream of the Carroll Park collection
site. Over 99% of the stream is subsurface to the city, while ~100 m are above ground,
downstream from Baltimore City. As a result, the stream receives substantial runoff from
high-density land use; urban housing, commercial, and industrial sources.

Carroll Park is located within the Carroll Park Municipal Golf course in Baltimore City
and is bordered by Washington Boulevard near Exit 51 off I-95 (Figure 10). The stream
drains from approximately 16,000 ha of suburban and urban development and its gauge
is located a few yards from the Gwynn’s Falls trailhead.

Villanova is located inside the 1-695 beltway, near the Baltimore City/County border.
It drains from approximately 7400 ha of developed land and is monitored by a gauge
located 300 ft east of the Liberty Road and Essex Road intersection (Figure 11).
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Figure 7. Pond Branch of the Gwynns Falls watershed. Its Figure 8. Baisman Run of the Gwynns Falls watershed. Its channel
channel is lined by 1-2 m boulders and A/O horizon material. is lined by 10 cm cobbles to 1 m boulders and A/O horizon material.
There is moderate tree coverage and a broad buffer zone for There is dense tree coverage and a broad buffer zone for runoff.

runoff.

25 L B
Figure 9.  Gwynns Run of the Gwynns Falls watershed. Its Figure 10. Carroll Park of the Gwynns Falls watershed. Its channel is
channel is lined by 1-4 m boulders and A/O horizon material. lined by rough vegetation and 10 to 40 cm cobbles which have been
There is moderate tree coverage and a limited buffer zone. The artificially placed. There is no buffer zone and sparse bridge coverage.
stream suffers from sewage leaks, street runoff and litter from the
city.
Figure 11. Villanova of the Gwynns Falls watershed. Its channel is
lined by 1-4 m boulders and A/O horizon. There is dense tree
coveraae and a broad buffer zone for runoff.
Methods

This study was broken up into two parts: sampling/experimentation and statistical
analysis. In the first step, water samples were collected from 8 stream sites, three from
the Anacostia Watershed and five from the Gwynn’s Falls Watershed. BOD incubations
were conducted to produce data for multiple regression tests between land use,
temperature and BOD. In the second step, incubation data were subjected to three
ANOVA tests with long term temperatures and land use indices for the sampling sites.
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Water Collection and BOD incubations

Samples, temperature, pH and DO were taken from each site in single-day collections
by watershed; Gwynn’s Falls from July to September (7/31, 8/14, and 9/4) and
Anacostia from September to October (9/23, 10/25, and 10/29) in 2011. This sampling
period coincides with the peak and recession of stream metabolism. Water samples
were collected using the grab sampling technique and data was obtained from
laboratory experiments, USGS, and Baltimore Ecological Study sources. The method of
collection and incubation is a standard BOD analysis method set forth by the EPA.

Sampling locations were identified as USGS site stations which are marked by
sampling stations, described by the USGS with coordinates and are consistently used
by the BES and LTER for research. These stations are mid- stream rather than at
junctions or mouths of tributaries in order to sample whole-stream metabolism rather
than tributary contribution. Glass bottles, black out to prevent photosynthesis, were
used as incubation bottles, rinsed with liquinox then deionized water in the lab, prior to
sampling. Bottles were then rinsed with stream water, filled and capped underwater for
a water-tight seal for grab sampling. Samples were collected upstream of other study
activity in the stream to prevent risk of contamination by stream disturbance (Lurry and
Kolbe, 2000). Three collections and incubations were conducted for each of the
watershed locations. Three bottles were collected per experiment for the Gwynn’s Falls
Watershed (15 samples total) and six were collected per experiment for the Anacostia
Watershed (18 samples total). Collection times were recorded and samples were placed
on ice into returned to the lab for incubation. Initial DO and temperature measurements
were made prior to experiment designation and incubation; time was noted at the time
of measurement and placement in experimental temperature environments. The
samples were incubated across three temperatures: 5° C, 10° C and 20° C (room
temperature) for five days. All samples were incubated in closed containers and in dark
enclosures in order to prevent excess interaction with the surrounding environment and
isolate the metabolic activity which takes place within the bottles. Bottles were removed
at 4.5 days into the experiment, time noted, and allowed to acclimate to room
temperature for final DO and temperature measurement.

A laboratory refrigerated room in the Biochemistry building at University of
Maryland was used for the 5° C environment, Fisher Scientific Isotemp Undercounter
Refrigerated Incubator was used for the 15° C temperature environment, and an empty
drawer monitored with a thermometer was used for the 20° C environment. The Isotemp
Incubatory range of capability is -10° to 60° C, precision is £0.2° C and uniformity is £1°
C. A Global Water Instrumentation, Inc. OXI 1970i Portable Dissolved Oxygen Meter
was used for field and laboratory measurements. Its range of capability is +0.1° C and
+0.5% DO at ambient temperature of 5° to 30° C after independently calibrated at room
conditions.

The historical temperature data collected from the Gwynn’s Falls sites were
collected during similar field visits, over intervals from 2008 to present, where samples
were collected for stream chemistry then measurements were made with the same
instrumentation.
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Table 1. Characteristics of Anacostia and Gwynns Falls Channel Watershed Reaches of completely forested,
agricultural, suburban and urban streams.

Land Total Reach Population Land Use (%)
Use/ Drainage Drainage Density
Station Context Area(ha) Area(ha) (perha) Forested Residential Agriculture Impervious
Gwynn's Falls Watershed
Pond Branch Forested N/A 32.3 0 100 0 0 0
Suburban
Baisman Run  /Forested 381 370 1.0 66 34 1 1
Gwynns Run Urban 17,069 -- -- -- -- -- --
Villanova Suburban
/Urban 8348 7282 12.2 22 50 8 19
Carroll Park Urban 16,278 7930 19.7 17 52 5 27
Anacostia Watershed
Paint Branch Suburban 5387 N/A 10.0 26 42 12 18
Northwest Suburban
Anacostia /Urban 10,852 N/A 15.9 22 54 9 17
Northeast
Anacostia Urban 1735 N/A 17.8 26 51 0 36

From Law et al. 2004

Statistical Analysis

Three dominant categories of land use were determined from for the selected study
sites; these include: urban, suburban, and forested (Table 1). During analysis, these
land use categories were designated a number based on an arbitrary scale of land use
(i.e. forested-1, rural-2, suburban-3 and urban-4) for the purpose of running statistical
tests where a quantitative value is required. The order of scale was chosen to represent
an increasing gradient of land use (rural being included for the purpose of scale though
not present in this set). ANOVA tests were used to determine probability significance
(pr=0.05) between incubation temperature, land use, season of collection, total and
percent BOD. A second set of ANOVA tests were run using in situ temperature, land
use, and season for all eight sites. The results from these tests were also used to
evaluate standard deviation within the sets as well as probability distribution along a
standard bell curve.

Pearson correlation tests were run for all data sets (land use, season, incubation
temperature, in situ temperature, total and percent BOD) to determine degree of
correlation between all factors considered in this study. Seasons were designated a
number based on scale of mean temperature (i.e. winter-1, fall-2, spring-3, summer-4)
for the purpose of running tests with quantitative values. The order of scale was chosen
to represent an increasing gradient of temperature. Degree of correlation is determined
by value range:

negative positive
none -0.09 t0 0.00 | 0.00 to 0.09
small -0.3t0-0.1 0.1t00.3
moderate -0.5t0-0.3 0.3t0 0.5
strong -1.0to-0.5 0.5t0 1.0

12



ANOVA performs analysis of variance in a balanced data set where a (quantitative)
dependent variable is measured under conditions determined by two
(quantitative/qualitative) independent variables. The variation response is concluded to
be a result of interaction with the independent variables and considering random error
for outliers. The Pearson correlation test measures values from two data sets against
each other to produce a coefficient between -1 and +1, describing the extent to which
two measured variables change together. This value range is independent of the units
of the tested variables. Sign of the coefficient denotes whether the correlation is positive
or negative. SAS Version 9.3 and Excel 2010 were used to run tests and perform
statistical calculations.

Results and Discussion
Experimental Results

All incubations yielded a loss of DO ranging from 0.2 mg/L to 1.4 mg/L +0.4 mg/L in the
greatest range of uncertainty (Figure 12). Urban streams experience a higher rate of
BOD over the incubation period followed by suburban then forested sites. All sites
experienced higher BOD in the 20°C temperature environment and the least
consumption at 5° C. BOD in the 15° environment fell between 20° and 5° C in the
suburban and urban sites, however, the forested site did not demonstrate similar
behavior, falling below the BOD rate at 5° C. The range of error on this
temperature/land use characteristic suggests it is possible the 15° C environment for the
forested site may follow behavior of the suburban and urban 15° C environments or it
may fall farther out of the trend. The overall ranges of error in this figure indicate the
urban sites experience overall higher BOD than the forested site with little overlap. The
suburban site falls within the overlap range and cannot be concluded as diagnostically
different, only a transitional range between the two extreme endpoints. An even,
standard distribution of experimental data was confirmed by a normal probability plot
(Figure 13).

Table 2. Mean seasonal temperatures from 2001 to 2011 by land use
gradientin ° C. (£0.1° C)

Season Land Use Context

urban suburban forested
winter 48 3.6 4.8
spring 16.6 14.9 14.4
summer 234 21.1 19.9
fall 11.7 9.9 10.3

Mean in situ temperatures experienced between the urban, suburban and
forested streams are not greatly different during the same season as demonstrated in
Figure 14. Although there is a slight decreasing trend from the urban to forested sites,
the overlap in error prevents the sited from being truly distinguished by land use. The
level of distinction in mean temperatures between the seasons is greater and does not
overlap by error. The streams experienced highest temperatures in the summer and
lowest in the winter with fall delving into cooler temperatures and spring in higher
temperatures (Table 2).

13
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Pearson correlation tests demonstrated limited, nearly indistinguishable, negative
correlations between BOD, land use, season, and incubation temperature.
Acknowledged as weak correlations, this suggests that there is a negative relationship
where increases in land use, seasonal temperature and incubation temperature were
matched by a decrease in BOD (Table 3). Further exploration into these relationships in
the ANOVA tests challenges this result. The only strong correlation found is between
season and temperature; a common, and observable trend in nature.

Table 3.

characteristics

Correlation factors of qualitative and quantitative

Correlation Factor

BOD % BOD Temperature
LUI -0.25£0.08 0.23£0.08 0.1+ 0.07
Season -0.18 £ 0.07 -0.21 £ 0.08 0.84 +0.04
inc. T 0.23£0.11 0.22£0.12 -

ANOVA analysis of DO, land use and temperature yielded few statistically
different land use and temperature relationships. As demonstrated in Table 4, no valid
significance was found between the incubation temperature environments from this
study. The probability factors calculated for the temperature environment relationships
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support the graphical data plotted in Figure 12, suggesting a limited relationship in BOD
between 20, 15 and 5 degree environments as independents.

Evaluation of the dependent variable, DO, it was found that there is statistical
significance between the urban 20 degree environment and three other environments:
forested 15, suburban 5 and urban 5. This significance suggests BOD in the urban, 20
degree environment is higher than that of 5 degrees in urban and suburban streams. It
is also different from the 15 degree forested environment; this may be a product of the
sample size and degree of error in the set. These relationships support Figure 12 in
suggesting that though close in plot, these environments are experiencing significantly
different consumptions of BOD.

Conclusion

Relationships between BOD, land use gradient and temperature were tested and it was
found that there is no statistically observable relationship between land use and in situ
temperature in the selected streams. It was also observed that temperature does have a
significantly differing effect on BOD between 20° and 5° C for urban to suburban sites
and 20° to 15° C for forested sites. Additionally, there is a significant difference in BOD
as a function of land use, solely when co-dependent on temperature.

From this study, it can be concluded that urban streams experiencing high
temperatures, trending with the summer season, can be at risk for anoxic conditions
due to higher BOD rates. This risk is lower in suburban sites but still a possibility, unlike
forested sites which can experience warmer temperatures without exceptionally high
BOD. These characteristics are important to note in urban and suburban streams
because high BOD places streams at risk of hypoxia. In broad perspective, if low
oxygen conditions were to propagate into a day-long condition, the environment would
become inhospitable to certain freshwater taxa that require specific dissolved oxygen
levels (e.g. certain organisms such as trout species have narrow thermal and oxygen
tolerances). Additionally, low DO can impact a stream’s redox potential which could lead
to release of metals from sediments under hypoxic conditions and increase the
vulnerability of fisheries and drinking water resources exposure to metal poisoning
ultimately becoming an issue of public health.
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