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Abstract

Concentrations of phosphorus (P) and nitrogen (N) in the Great Miami (GM) and Little
Miami (LM) basins still remain among the highest detected in the United States. The
recent nutrient analysis from the Ohio Environmental Protection Agency revealed
slightly above average P and N for the recorded period. To assess the temporal
changes of nutrient concentrations, this short communication examined datasets col-
lected in the GM and LM basins for three consecutive years—from 2015 to 2017.
Our results indicated abrupt spikes of N concentrations in 2017 for six sample sites.
By mapping 3 years of data, we found high annual differences in levels of P in the
middle and southeast zones of the watersheds. The concentration levels of N did not
change much over 3 years, except for specific hotspots in the middle section of the
region. Our results could benefit environmental scientists and watershed managers in

identifying optimum conditions and adopting new strategies and tools to further miti-
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1 | INTRODUCTION

Phosphorus (P) and nitrogen (N) are essential nutrients in dynamic
aquatic ecosystem when they occur in small amounts. However, when
they are present in excessive quantities, they can result in negative
human health and environmental effects (Salas & Subburayalu, 2019).
Some of the negative impacts to the watershed when these nutrients
are in surplus quantities include degradation of water quality (Paul &
Meyer, 2001), destruction of biotic communities, eutrophication, fish
anomalies and fish kills (Naramngam & Tong, 2013), severe harmful algal
(HAB) (OEPA, 2013),
(DO) concentrations, and increasing fluctuations in diel DO and pH

blooms reduced dissolved oxygen
(MCD, 2011). These adverse impacts are not only felt in river systems
inside the watershed, but similar effect may be experienced in larger con-
necting river systems where the affected watershed eventually drains.
Agricultural land use covers the majority of the Great Miami

(GM) and Little Miami (LM) watersheds in Ohio. With about 68% for

gate the input of P and N nutrients into the river systems of the GM and LM basins.

nutrient loadings, nutrient management, nutrient pollution, Ohio watershed, temporal analysis

GM and 56% for LM classified as agricultural areas, high rates of fertil-
izer application from county-level data have been recorded (Battaglin &
Goolsby, 1995). Commercial fertilizers from farms, in addition to manure
from livestock production, are the major sources of nutrients in surface
and ground waters (OEPA, 2018). These mobilized agricultural nutrients
are easily transported in significant quantities to the Ohio River and
other coastal marine systems, such as the Gulf of Mexico, due to poor
agricultural practices in the watersheds (Gorham, Jia, Shum, & Lee,
2017). The GM watershed is a major contributor of P and N nutrients to
the Mississippi-Atchafalaya River watershed (Goolsby et al., 1999) and
has the highest soluble reactive phosphorus concentrations amongst the
10 streams studied in Ohio (Baker, Richards, & Kramer, 2006). In addi-
tion, the growth of harmful algal blooms in the Gulf is believed to have
been caused by transport of P and N nutrients during spring runoff
(Scavia, Justic, & Bierman, 2004). The latest Water Quality Monitoring
and Assessment Report showed the GM and LM basins as sources of
recent algal blooms in the Ohio River (OEPA, 2018).
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The water quality in the GM and LM river systems has seen
improvement in the last two decades (MBI, 2014). Nevertheless,
publicly available reports (OEPA, 2011; OEPA, 2012; OEPA, 2013)
revealed that surpluses of P and N nutrients in the watersheds
still occur. Elevated concentrations of nutrients detected in
streams were occasionally at levels that surpassed the rec-
ommended statewide nutrient target concentration standards.
Thus, the aim of this short communication is to understand the
temporal trends of P and N concentration levels. We investigated
datasets collected in the GM and LM watersheds for three con-
secutive years from 2015 to 2017, mapped the annual spatial dis-
tributions of P and N, and examined concentration differences
between years. Our findings could help improve awareness and
better understanding of the nutrient loading processes. By map-
ping distributions of P and N, it becomes easier to identify those
river systems that contribute disproportionately high nutrient load-
ings to the watersheds.
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2 | MATERIALS AND METHODS

21 | Studyarea

The GM and LM basins drain about 7,354 miles? (19,047 km?) in south-
western Ohio and southeastern Indiana (Figure 1). Since 1997, both

TABLE 1 The six selected sampling sites and their nearest
weather stations

Site Station Name

1 USC00332651 Fairfield

2 US10HBTO0017 Hamilton 1.5 NW
3 US10HBT0017 Hamilton 1.5 NW
4 US10HBT0001 Hamilton 4.7 E

5 USC00335220 Middletown

6 USC00335220 Middletown

FIGURE 1 The Great Miami (GM) and Lower Miami (LM) basins. In panel (a) are locations of all sampling points from 2015, 2016, and 2017
data collection. In panel (b) are the selected six sample sites along the GM River that have available data for three consecutive years (2015, 2016,
and 2017). Site 1 is located downstream of the river, while Site 6 is located upstream. The nearest weather stations for the selected sampling

sites are also provided in (b)
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basins have been part of the 51 major river basins in the nation that are
called “study units” for long-term assessment of water-quality condi-
tions under the USGS National Water-Quality Assessment (NAWQA)
Program. Major rivers in the GM and LM are the Great Miami River and
Little Miami River in Ohio and the Whitewater River in Indiana
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(Rowe & Baker, 1997). The study area is temperate continental with
mean annual temperature that ranges from 49 to 55 °F (9.4 to 12.8°C).
The average annual precipitation ranges from 35 to 43 in. (889 to
1,092 mm) and increases towards the south; about one-third of the
(Rowe & Baker, 1997).
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Commercial fertilizers N and P (P in the form of P,Os phosphate and
K,O potash) are used widely in both watersheds, which are predomi-
nantly cropland (OEPA, 1996). These commercial fertilizers from row-
crop farming, in addition to manure from livestock production, are the
major sources of nutrients in surface and ground waters (OEPA, 2018).

2.2 | Watershed datasets

We used datasets from StreamBank, a centralized online repository
that publishes water quality datasets for public use (StreamBank,
2018). These datasets were collected by trained volunteers from
Butler County Stream Team, Lower Great Miami Citizens' Water
Quality Monitoring, Saturday Stream Snapshot by Greenacres, and
the Mill Creek Volunteer Water Quality Monitoring program. Volun-
teers were taught how to collect field water samples and analyze

them in the laboratory using strict quality assurance protocols.

2.3 | Sampling sites and analysis

We selected six sampling sites along the GM river that had three-year

consecutive records of P and N. These sites represented a 40-km

stretch of the GM river, with Site 6 located in the upstream
section and Site 1 in the downstream section. We analyzed the
monthly and annual P and N concentrations for each location. We also
interpolated the P and N values to map nutrient distributions. Finally,
we correlated P and N concentrations against the “3-day cumulative
rainfall” and “actual rainfall” events using datasets from the nearest
weather stations (Table 1).

3 | RESULTS

Phosphorous concentrations in 2016 had the highest average of all
sampling sites along the river studied (Figure 2). The years 2015 and
2017 displayed comparable average P values across the individual
sampling sites. For N concentrations, 2017 had the highest average N
measurement at all sites (except Site 3), while 2016 had the lowest
average N.

Monthly analysis of P and N concentration levels indicated much
lower values in August and September for all years. Significant results
included a drop of N from 6.78 mg/L at Site 6 (upstream) to
1.97 mg/L at Site 1 (downstream) in March 2017. We also found a
sudden decrease of P levels at Sites 2 and 3 during 2015 and 2017 in
the month of April (Figure 3).

(a) 2017 P and 2015 P

(b) 2017 P and 2016 P

(c) 2016 P and 2015 P

Low P

- High P

(a) 2017 N and 2015 N

(b) 2017 N and 2016 N

(c)2016 N and 2015 N

Low N

R High N

FIGURE 4 Map differences of interpolated surfaces for phosphorous (P) (top row) and nitrogen (N) (bottom row) for (a) years 2017 and 2015,
(b) years 2017 and 2015, and (c) years 2016 and 2015. Green dots represent the sampling points used in mapping the distribution
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After interpolating P and N values, we found that P concentration
over 3 years were uneven. High annual differences of P were detected
in the mid and southeast zones for the entire period of analysis
(Figure 4). Site 2 fell within the mid region with high P concentrations.
For N, we did not observe a major change over the 3 years, except for
hotspots in the middle reach of the study area. Site 3 was a low N con-
centration location in the northwest of the study region (Figures 4).

The 2015 P and N concentrations for each site were highly corre-
lated with the “3-day cumulative rainfall” events (Figure 5) than
“actual rainfall” (Figure 6). The 2015 plots also showed that P and N
EPA threshold for
N = 2.2 mg/L and P = 0.1 mg/L. Similar trends of elevated nutrient

concentrations were mostly above the

concentrations were observed for 2016 and 2017.

4 | DISCUSSION

The elevated concentrations of nutrients detected in the GM and LM

streams were occasionally at levels that surpassed the recommended

- @--Sites 2&3: Precipitation (3-Event Cumm)
-@--Sites 5&6: Precipitation (3-Event Cumm)

statewide nutrient target concentration standards (OEPA, 2013).
Rowe and Baker (1997) found that P and N measurements have
decreased by 50% and 40%, respectively, since 1974, yet, still persist
to be among the highest concentrations recorded in the United States.
P concentrations at 0.3 mg/L remains higher than the EPA guideline
of 0.1 mg/L. In a recent biological and water quality study, nutrient
surplus was listed as one of the most persistent sources of impairment
in the upper GM watershed system (OEPA, 2011; OEPA, 2018).

In our analysis of the 3-year record for six sites along a stretch of
the GM river, a trend is hard to detect. Nonetheless, it is noteworthy
that observed spikes of N occurred in 2017 at all sites. The rise and
fall of total P and total N concentrations were directly related to river
discharge and runoff events. The spring and early summer runoff
events in 2015 resulted in the highest concentrations of N. For P, an
increasing trend was observed for extended periods of lower flows
during the summer and early autumn. This increase was likely due to
discharges from wastewater treatment plants (MCD, 2015). In 2018,
the OEPA (2018) reported data collected from 2015 to 2017 and
highlighted that nutrient enrichment remained a major contributing
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factor of impairment of aquatic life and the recent widespread HABs
that have been detected in Lake Erie, the Ohio River, and other water
bodies in Ohio.

At present, two obstacles persist that could hinder the reduction
of P and N pollution from agriculture and wastewater treatment facili-
ties: (a) the large number of wastewater producers and (b) the chang-
ing nature of nutrient loading. Existing watershed models projected
that P and N contributions to surface waters from agriculture and
other sources would continue to increase in the coming decades,
locally and globally (Galloway et al., 2004; Kroeze & Seitzinger, 1998;
Salas & Subburayalu, 2019). From 1960 to 1995, the use of N and P
fertilizer has increased sevenfold and threefold, respectively, with
another threefold projected to occur by year 2050 unless something
is done to increase the efficiency of fertilizer use (Tilman et al., 2001).

Numerous academic sources have identified cost-effective
approaches to help reduce nutrient pollution (Kronvang, Bechmann,
Pedersen, & Flynn, 2003; Osmond et al., 2012). Specific solutions

- @ -Sites 2&3: Precipitation (Actual)
- @--Sites 5&6: Precipitation (Actual)

include awareness and better understanding of nutrient loading pro-
cesses, nutrient sources, transport pathways, nutrient interactions
with climate, and nutrient interconnection with various agricultural
practices and land use. A better understanding of the farmers' conser-
vation operations and what affects them could better guide the exe-
cution of these approaches. The nutrient reduction strategy report
recommended conducting more educational activities that include
conferences, meetings, educational materials, and newsletters on farm
demonstration plots and research activities directed at appropriate

nutrient utilization and water quality concerns (OEPA, 2015).

5 | CONCLUSION
This short communication is one of the few studies to investigate and
map the temporal trends and spatial distributions of P and N concen-

trations in the GM and LM watersheds. The results from this analysis
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could have many potential applications. Environmental scientists and
watershed managers could use the results to identify optimum condi-
tions and adopt new strategies and tools to further mitigate the inflow
of P and N to the river systems. Attempts to conform with the Clean
Water Act (CWA), also known as Federal Water Pollution Control Act
Amendments, and manage all sources of pollution in the watershed is
progressing as there have been substantial improvements in water
quality in the watersheds through enhancing wastewater treatment.
In addition, through the CWA, other surface water quality services
have expanded, such as community-based and voluntary pollution
control projects. However, there are still things to be done as publicly
available OEPA reports indicated that surpluses of P and N nutrients
in the watershed are still occurring. We hope, in the future, to investi-
gate additional sampling sites from major rivers and streams in the
GM and LM basins and identify the river systems that contribute dis-

proportionately high nutrient loadings to the watersheds over time.
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