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Nutrient and Suspended-Sediment Concentrations, Flux, 
and Yields in the Galena River, Illinois, 2019–21

By Paul J. Terrio and Luis A. Garcia

Abstract
Two stations on the Galena River in Illinois were 

monitored for nitrogen, phosphorus, and suspended sediment 
from 2019 to 2021 to determine physiochemical properties 
and constituent concentrations, flux, and yields. This infor-
mation could aide in the management and understanding of 
the Galena River and the contributions from the intervening 
58-square-mile study area watershed. Constituent concen-
trations were characteristic for contemporary midwestern 
agricultural watersheds and did not display any notable high 
or low values. Concentrations of nitrogen were generally 
higher at the upstream station, whereas concentrations of 
phosphorus and suspended sediment were generally higher 
at the downstream station. Decreases in nutrient concentra-
tions were observed at both stations during the study period, 
but there was no appreciable pattern in suspended-sediment 
concentrations. Constituent fluxes, particularly nitrogen, were 
higher at the downstream station, whereas fluxes of phos-
phorus and suspended sediment were higher at the upstream 
station during several high-flow events, indicating substantial 
contribution of particulate material upstream from the study 
area and potential sequestration within the study area reach of 
the Galena River. For all constituents, yields were typically 
higher at the upstream station during periods of increased 
streamflow and lower at the upstream station during periods 
of reduced streamflow. These data indicate that the constituent 
contributions are greater from within the study area than from 
the watershed upstream from the study area during periods of 
normal to low streamflow.

Introduction
Excess nutrients and sediment in rivers and streams 

throughout the Nation are causes of concern because of the 
potential impairments to stream water quality, aquatic life, and 
waterbody use designations. Nitrogen, phosphorus, and sedi-
ments have been identified as some of the primary stressors 
nationally (U.S. Environmental Protection Agency, 2017) and 
the Illinois Environmental Protection Agency (IEPA) listed 

phosphorus, sediment/siltation, and total suspended solids as 
three of the leading potential causes for use impairments in 
Illinois streams (IEPA, 2021).

Small- and medium-sized streams, such as the Galena 
River, have been historically undermonitored compared to 
larger rivers. The U.S. Geological Survey routinely collects 
continuous water-quality data for nitrogen and phosphate at 
approximately 15 locations throughout the State. However, 
only a few of these sites were on small- to medium-sized 
streams, and those streams are in the central, flat, tile-drained 
part of the State. The IEPA operates a Statewide Ambient 
Water Quality Monitoring Network, which includes 146 sta-
tions. Only one of these stations is in the Galena River water-
shed, at Galena, Illinois, and is located approximately 1 mile 
upstream from the Galena wastewater-treatment plant, as well 
as upstream from several small tributaries.

The Science Assessment for the Illinois Nutrient Loss 
Reduction Strategy (David and others, 2014) identified the 
Northern Mississippi River Valley, including the Galena 
River watershed, as having the highest nitrate-nitrogen yield 
from nontiled land in Illinois (31.3 pounds per acre per year) 
(IEPA, 2017). In 2017, a watershed-based plan was published 
for the Galena River watershed in Illinois (Baranski, 2018) to 
more effectively manage and address water-quality issues of 
the Galena River. Baseline nutrient and suspended-sediment 
data for the Galena River are helpful to provide guidance and 
determine results from implementation of best-management 
practices and improvements made to reduce nutrient inputs to 
the Galena River in Illinois.

Purpose and Scope

The purpose of this report is to provide critical base-
line nutrient and sediment water-quality data for the Galena 
River; a medium-size watershed in northwestern Illinois and 
a waterbody category that is not currently well-represented 
by existing water-quality monitoring programs. Additionally, 
the Galena River Watershed-Based Plan recommends vari-
ous best-management practices and a vision for implementing 
these within the watershed; these baseline data could be help-
ful in providing quantitative measures to evaluate the benefits 
of those efforts.
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Description of Study Area

The Galena River flows from southwest Wisconsin 
through northwest Illinois before terminating at the 
Mississippi River downstream from Galena, Ill. (fig. 1). The 
Galena River watershed is about 203 square miles (mi2) 
(Healy, 1979) and is home to approximately 5,000 people 
(Malon, 2017). The watershed is located within the nonglaci-
ated area of northwest Illinois, which includes some of the 
higher elevations and steeper topography found in the State. 
Approximately 40 percent of the watershed is forested, 40 per-
cent of the watershed is in agricultural production (grassland, 
pasture, and row crops), and 8 percent of the area is developed 
(Malon, 2017). Soils in the watershed are generally highly 
erodible, well-drained silts and loams underlain by calcium 
carbonate bedrock. The climate of the area can be described 
as having hot summers and cold, windy winters and the 
region receives an average annual precipitation of 36 inches 
(Malon, 2017). Segments of the Galena River are listed on 
the 303(d) impaired waters listing for fecal coliform bacteria, 
polychlorinated biphenyls, zinc, total suspended solids, and 
sedimentation/siltation (IEPA, 2018). The target study area for 
this project was a 58-mi2 portion of the Galena River drainage 
basin in Illinois beginning just south of the Illinois-Wisconsin 
State line and extending to near the confluence of the Galena 
and Mississippi Rivers (fig. 1).

Methods
The sampling for this study was designed to monitor the 

Galena River at two locations in a 58-mi2 study area: USGS 
station 05415006 (Galena River near Millbrig, Ill.; hereafter 
referred to as the “upstream station”) at the upstream end of 
the study area and USGS station 05416010 (Galena River 
near Portage, Ill.; hereafter referred to as the “downstream 
station”) at the downstream end (fig. 1). The upstream station 
(drainage area=145 mi2) is located less than a mile south of the 
Wisconsin border (lat 42°29′40″ long 90°23′41″). The study 
area consists of the portion of the Galena River watershed 
that lies between the two monitoring stations. Samples were 
collected and streamflow was measured typically from the 
bridge at this location except during periods of low stream-
flow when wading proved to be a more effective method. 
The downstream station (drainage area=203 mi2) was located 
approximately 0.15 river mile upstream from the conflu-
ence with the Mississippi River (lat 42° 22′36″ long 90° 26′ 
43″). Measurements and samples at this location were col-
lected from a boat. Periods of high-flow backwater from the 
Mississippi River and ice conditions prevented monitoring at 
this station at times. Data and results from these two locations 
could help determine the concentrations and loads of nutrients 
and suspended sediment in the Galena River entering the study 
area and within the study area.

Streamflow Measurement

Before water-quality sample collection, streamflow was 
measured according to USGS protocols (Turnipseed and 
Sauer, 2010) using an acoustic Doppler current profiler. These 
measurements also provided information on the width, depth, 
and bottom profile of the stream at the measurement locations. 
Streamflow was not measured when environmental or safety 
concerns (for example, ice in the channel) prevented safe 
completion.

Water-Quality Sample Collection and Analyses

Approximately 20 to 23 water samples were collected 
at each monitoring station between May 2019 and July 2021. 
Following five initial samples in 2019, contractual proce-
dural issues and COVID–19 restrictions largely prohibited 
sample collection between September 2019 and May 2020. 
Samples were collected using a weighted-bottle sampler 
equipped with a sample collection bottle with an intake 
opening configured to collect water from the entire water 
column under various flow conditions and depths. Water 
was collected from five equally spaced locations across 
the stream using an equal-width-increment technique and 
composited in a polypropylene churn splitter to provide a 
composite water sample representative of the entire stream 
cross-section. Unfiltered sample bottles were filled directly 
from the churn splitter. Filtered samples were collected after 
the unfiltered samples using an intake hose placed within the 
churn splitter, a 0.45-micrometer capsule filter, and a peri-
staltic pump. Samples were collected and processed (filtered 
and preserved) according to established IEPA and USGS 
field-sampling protocols (U.S. Geological Survey, 2005, 
variously dated; IEPA, variously dated).

Water samples were analyzed at the USGS National 
Water Quality Laboratory for nitrogen and phosphorus 
species and at the USGS Iowa Sediment Laboratory for 
suspended-sediment concentrations. Analytical methods for 
the sample analyses performed are given in table 1. Data 
for this study are available in the USGS National Water 
Information System database (U.S. Geological Survey, 
2022a, b, c).

Concurrent with sample collection, in situ physiochemi-
cal properties (water temperature, pH, specific conductance, 
and dissolved oxygen) readings were collected at the center 
of flow using a YSI EXO2 multiparameter water-quality 
sonde (table 2). The water-quality sonde was calibrated each 
day before data collection using certified standard buffers 
and following the manufacturer’s calibration and mainte-
nance procedures as well as USGS protocols (Wagner and 
others, 2006; U.S. Geological Survey, variously dated). All 
calibrations were documented in the instrument’s logbook 
and (or) included in pertinent daily field notes.
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Flux and Yield Computations

Flux is a term used to describe the quantity of a substance 
transported during a period of time. Flux is reported in mass 
per unit of time; in this study, flux is reported in kilograms 
per day. Loads is a term that is synonymous with flux but 
expressed as mass for a given period of time (that is, daily 
loads). For the purpose of this report, flux and loads may be 
used interchangeably. The monitoring design for this study 
used periodic discrete streamflow measurements and water-
quality samples; therefore, only instantaneous flux values 
could be computed. However, flux is typically expressed 
as a daily quantity, so daily flux values were estimated in 
this report for comparison purposes. The daily fluxes were 
computed using the following equation, which is simply 
multiplying concentration by streamflow and converting to 
kilograms per day.

 Flux=C × Q × Cf (1)

where
 Flux is daily flux, in kilograms per day;
 C is concentration, in milligrams per liter;
 Q is streamflow, in cubic feet per second; and
 Cf is conversion factor (2.44657).

To calculate yields, the flux value is divided by 
drainage area:

 Yield=flux/drainage area (2)

where
                Yield is yield, in kilograms per day per hectare;
                  flux is flux, in kilograms per day; and
 drainage area is drainage area, in hectares.

Results and Discussion
Physiochemical properties were measured at the time of 

sample collection. These properties include air temperature, 
water temperature, pH, dissolved oxygen concentration, and 
specific conductance (table 2). Sample concentrations and 
loads are discussed in the following two sections.

Concentrations

Nitrogen, phosphorus, and suspended-sediment con-
centrations in Illinois streams and rivers vary greatly and are 
dependent upon many factors including land use, stream size, 
channel and bank morphology, hydrologic and flow char-
acteristics, geomorphology, and soil properties. Numerous 
studies indicate that nitrate plus nitrite (hereafter referred to as 
“nitrate”) concentrations throughout Illinois rivers can range 
from less than the analytical detection limits to greater than 
25 milligrams per liter (mg/L). Although phosphorus concen-
trations are typically much lower than nitrate, they also can 
range broadly in Illinois rivers from below detection limits 
to greater than 2 mg/L. Generally, nutrient concentrations in 
smaller streams are more variable and can range from low to 
high values during short temporal periods, whereas concentra-
tions in larger streams and rivers tend to be average in value 
and less variable (David and others, 2014; Hodson and others, 
2021).

Concentrations of nutrients and suspended sediment 
from samples collected at the two Galena River monitoring 
stations during the 2019–21 sampling period are provided 
in table 3. Nutrient concentrations for the two stations were 
generally similar, considering the range of nutrient concen-
trations observed for the entire State of Illinois for the same 
time period and previous years. Values for nitrate tended to 

Table 1. Analytical methods used at National Water Quality Laboratory and the Iowa City Sediment Laboratories.

[NWIS, National Water Information System (U.S. Geological Survey, 2022a); N, nitrogen; P, phosphorus]

Water-quality constituent NWIS parameter code Analytical method 
Reporting level  

(milligrams per liter) 

Nitrogen, nitrate plus nitrite, as N 00631 Colorimetry, enzyme reduction-
diozotization1 

0.04 

Phosphorus, ortho, as P 00671 Colorimetry, phosphomolybdate2 0.004 
Phosphorus, unfiltered, as P 00665 Colorimetry, alkaline persulfate 

digestion1 
0.01 

Suspended sediment 80154 Evaporation filtration3 0 

1Patton and Kryskalla, 2011.
2Patton and Kryskalla, 2003.
3Guy, 1969.
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Table 2. Physiochemical properties measured at the Galena River monitoring stations, 2019–21. Data from U.S. Geological Survey (2022b, c).

[Dates are shown as month/day/year; 05415006, Galena River near Millbrig, Illinois; 05416010; Galena River near Portage, Illinois; n.d., no data]

Date

Air temperature  
(degrees Celsius) 

Water temperature  
(degrees Celsius) 

pH (standard units) 
Dissolved oxygen  

concentration 
 (milligrams per liter) 

Specific conductance  
(microsiemens per centimeter 

at 25 degrees Celsius) 

Station number Station number Station number Station number Station number 

05415006 05416010 05415006 05416010 05415006 05416010 05415006 05416010 05415006 05416010 

5/22/2019 24.3 26.4 13.5 14.1 n.d. n.d. n.d. n.d. n.d. n.d. 
6/5/2019 27.3 33.4 18.8 20.4 7.5 7.9 6.9 7.7 430 752 
6/19/2019 17.8 19.4 18.2 19.0 8.0 7.8 8.7 7.7 821 803 
7/16/2019 27.2 29.4 24.2 n.d. 8.1 n.d. 8.3 n.d. 834 n.d. 
8/21/2019 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
2/20/2020 −15.0 n.d. 0.0 n.d. 7.9 n.d. 13.8 n.d. n.d. n.d. 
5/18/2020 12.8 12.8 12.9 14.2 7.9 7.9 8.9 7.6 672 725 
6/15/2020 18.0 22.0 16.5 18.8 8.2 8.0 9.1 7.1 799 803 
7/24/2020 23.3 27.7 19.6 22.6 8.2 8.1 9.0 7.4 805 800 
8/19/2020 22.2 25.5 18.1 21.7 7.9 8.0 8.7 7.2 890 894 
9/16/2020 21.7 25.0 16.7 17.7 8.0 7.9 9.5 7.8 833 824 
10/13/2020 11.1 16.7 11.3 14.1 8.1 8.1 10.7 9.4 836 816 
11/10/2020 9.4 8.9 13.5 14.6 8.1 7.8 9.4 10.5 811 810 
12/16/2020 27.0 n.d. 0.2 n.d. 7.7 n.d. 14.4 n.d. 859 n.d. 
3/10/2021 17.9 12.6 8.9 8.2 8.0 7.9 10.8 10.6 600 623 
3/24/2021 9.3 10.9 9.2 9.2 8.1 8.1 10.3 9.9 754 715 
4/7/2021 22.3 22.8 15.3 15.8 8.2 8.1 11.2 11.4 776 765 
4/21/2021 7.1 7.3 8.0 8.5 8.5 8.3 14.0 11.6 n.d. 781 
5/5/2021 23.0 20.0 16.6 15.8 8.4 8.1 13.1 8.9 790 773 
5/18/2021 19.5 17.0 17.3 18.5 8.3 8.1 10.2 9.5 816 809 
6/2/2021 22.8 26.7 21.9 17.9 8.5 8.0 13.5 8.0 811 831 
6/16/2021 24.0 21.8 22.6 22.5 8.4 8.1 10.5 6.8 828 842 
6/29/2021 n.d. n.d. 22.8 23.3 7.9 7.7 9.2 8.9 824 808 
7/14/2021 22.8 25.0 21.9 22.2 8.2 8.0 8.7 8.9 788 811 



6  Nutrient and Suspended-Sediment Concentrations, Flux, and Yields in the Galena River, Illinois, 2019–21

be higher at the upstream station, whereas phosphorus values 
were generally higher at the downstream station. The com-
parison of suspended-sediment concentrations between the 
two stations is more variable. Basic summary statistics of 
the concentrations are provided in table 4. Time series of the 
concentrations during the 2019–21 sampling period are shown 
in figures 2–5 and boxplots showing the distributions of the 
concentrations at the two stations are depicted in figure 6.

It is informative to view sample concentrations for the 
Galena River in comparison to some other pertinent values, 
including some recommended numeric nutrient criteria. The 
U.S. Environmental Protection Agency published recom-
mended nutrient criteria for aggregate nutrient ecoregions 
throughout the United States in 2000 (U.S. Environmental 
Protection Agency, 2000). The recommended criteria for the 
nutrient ecoregions are calculated values and are intended to 

indicate concentrations of nutrients that will prevent excessive 
(or perhaps any) algal growth or that are thought to represent 
reference (pre-settlement) conditions; these values do not 
indicate recent or current nutrient concentrations within the 
aggregate ecoregions. There is considerable debate regarding 
the appropriateness of the recommended criteria and the reader 
is directed to the referenced documents for a full understand-
ing of how the recommended criteria were derived. The 
Galena River watershed is included in the level III ecoregion 
53, which is the “Mostly Glaciated Dairy Region.” The recom-
mended nutrient criteria for level III ecoregion 53 are provided 
in table 5.

The State of Illinois initiated an effort to derive nutrient 
criteria that would be more appropriate for Illinois waterbod-
ies. As part of this effort, the State formed a Nutrient Science 
Advisory Committee to derive candidate nutrient criteria for 

Table 3. Nutrient and suspended-sediment concentrations at the Galena River monitoring stations, 2019–21. Data from U.S. Geological 
Survey (2022b, c).

[Dates are shown as month/day/year; mg/L, milligram per liter; 05415006, Galena River near Millbrig, Illinois; 05416010, Galena River near Portage, Illinois; 
n.d., no data]

Date 

Nitrate plus nitrate (mg/L) Total phosporus (mg/L) Orthophosphate (mg/L) Suspended sediment (mg/L) 

Station number Station number Station number Station number 

05415006 05416010 05415006 05416010 05415006 05416010 05415006 05416010 

5/22/2019 6.73 6.5 0.15 0.16 0.07 0.076 60 42 
6/5/2019 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6/19/2019 7.30 5.29 0.15 0.18 0.08 0.105 79. 44 
7/16/2019 7.11 5.47 0.13 0.17 0.07 0.085 46 31 
8/21/2019 6.40 5.37 0.14 0.16 0.09 0.094 29 48 
2/20/2020 6.70 n.d. 0.03 n.d. 0.02 n.d. 35 n.d. 
5/18/2020 6.02 4.89 0.36 0.22 0.10 0.087 152 71 
6/15/2020 7.24 6.09 0.16 0.17 0.06 0.071 134 137 
7/24/2020 6.39 5.3 0.08 0.1 0.04 0.057 50 94 
8/19/2020 6.00 4.99 0.10 0.12 0.05 0.063 59 52 
9/16/2020 4.64 4.49 0.13 0.18 0.07 0.1 61 75 
10/13/2020 5.44 4.43 0.05 0.08 0.03 0.028 28 66 
11/10/2020 5.38 4.22 0.07 0.08 0.01 0.035 33 67 
12/16/2020 6.67 n.d. 0.07 n.d. 0.02 n.d. 30 n.d. 
3/10/2021 5.01 4.38 0.41 0.29 0.16 0.14 249 101 
3/24/2021 5.35 4.39 0.27 0.15 0.04 0.026 78 38 
4/7/2021 5.18 4.2 0.04 0.07 0.01 0.026 11 56 
4/21/2021 5.17 4.22 0.02 0.07 0.01 0.042 46 39 
5/5/2021 4.67 3.53 0.06 0.1 0.04 0.043 39 42 
5/18/2021 4.78 3.77 0.05 0.08 0.03 0.039 22 50 
6/2/2021 4.53 3.93 0.05 0.08 0.03 0.046 19 27 
6/16/2021 3.81 2.86 0.11 0.18 0.06 0.092 46 85 
6/29/2021 3.94 3.02 0.11 0.12 0.06 0.071 50 50 
7/14/2021 3.73 2.96 0.07 0.13 0.03 0.06 44 n.d. 
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the State. The recommended criteria values are provided in 
table 6; however, Illinois has yet to adopt numeric water-
quality criteria for nutrients. Similar to the ecoregion rec-
ommended criteria values, these Nutrient Science Advisory 
Committee values do not represent recent or current nutri-
ent concentrations in the State’s waterbodies, but they were 
deemed reasonable and practical criteria values to limit exces-
sive growth of algae in Illinois streams and rivers. The Galena 
River watershed would be included in the North ecoregion for 
these criteria.

During base-flow conditions, groundwater contribution 
can represent a substantial portion of the total streamflow 
and can influence nutrient concentrations. Panno and others 
(2019) evaluated historic data and samples from 30 springs 
across Jo Davies County, Ill. (in which the Galena River 
watershed is located) to determine presettlement and present-
day background concentrations of ions, including nitrate and 
orthophosphate, in these groundwater sources. Background 
concentrations were largely determined from springs fed by 
deep-level aquifers where anthropogenic contamination was 
assumed to be unlikely. The study determined present-day 
background concentrations in groundwater to be less than or 
equal to 2.0 mg/L for nitrate and less than or equal to 0.4 mg/L 
for orthophosphate. These values provide one point of refer-
ence from which the effects of current watershed characteris-
tics and land-use practices on the water quality of the Galena 
River might be evaluated.

During the period of study, nutrient and suspended-
sediment concentrations typically increased with streamflow 
owing to overland runoff and streambed and streambank 
erosion. The general relations between concentrations and 
streamflow at USGS station 05415006 during the study period 
are shown in figure 7. The relation between the measured 
constituents and streamflow can vary depending on, but not 
limited to, climatic season, land-use, and watershed charac-
teristics. Constituents associated with particulate matter, such 
as total phosphorus and suspended sediment, do not typi-
cally undergo the initial dilution effect during storm events 
and the highest concentrations are often observed before the 
peak storm streamflow (Straub and others, 2006; Landers and 
others, 2016). The periodic discrete data from this study were 
insufficient to evaluate the individual storm event characteris-
tics for the Galena River.

Concentrations are likely affected by seasonal differences 
in environmental conditions and land-use practices. Within 
the watershed, the upstream station and study area are similar 
in urban coverage (5 and 7 percent, respectively) but differ in 
forest and agriculture cover, with the upstream station consist-
ing of 8 percent forest and 87 percent agriculture and the study 
area consisting of 28 percent forest and 63 percent agriculture 
(Dewitz, 2019). However, owing to the short study period and 
variability of environmental conditions, a relation between cli-
matic season and concentrations could not be determined. The 
data from this study indicate that streamflow is an important 
influence on concentrations. Although the highest measured 
streamflows and the highest measured concentrations occurred 

Table 4. Summary statistics of nutrient and suspended-sediment concentrations at the Galena River monitoring stations, 2019–21. Data 
from U.S. Geological Survey (2022b, c).

[All concentrations in milligrams per liter]

Summary statistic Nitrate plus nitrite Total phosphorus Orthophosphate Suspended sediment 

Galena River near Millbrig, Illinois (05415006) 

Mean 5.57 0.12 0.05 61 
Median 5.38 0.10 0.04 46 
Standard deviation 1.11 0.10 0.04 53 
Range 3.57 0.39 0.15 238 
Minimum 3.73 0.02 0.01 11 
Maximum 7.30 0.42 0.16 249 
Count 23 23 23 23 

Galena River near Portage, Illinois (05416010) 

Mean 4.49 0.14 0.07 61 
Median 4.39 0.13 0.06 51 
Standard deviation 0.98 0.06 0.03 27 
Range 3.64 0.22 0.11 110 
Minimum 2.86 0.07 0.03 27 
Maximum 6.50 0.29 0.14 137 
Count 21 21 21 20 



8  Nutrient and Suspended-Sediment Concentrations, Flux, and Yields in the Galena River, Illinois, 2019–21

between March and June during this study, these data repre-
sent only an initial indication of seasonal patterns because of 
the limited number of data points.

Concentrations of all nutrients decreased during the 
period of study. This is indicated by the linear trend lines in 
figures 2–4. There was a similar general decrease in measured 
streamflow during the same period; however, there were rela-
tively few streamflow measurements during the initial year of 
sample collection. These observed downward trends in nutri-
ent concentrations may be the result of decreases in overland 
runoff, which corresponds with the decreases in streamflow. 
Suspended-sediment concentrations at the upstream and 
downstream stations showed no appreciable trend from 2019 
to 2021.

Flux

Estimated daily flux (quantities of constituents trans-
ported in the river) was calculated using equation 1. Although 
these flux values provide critical information, they are not 
comprehensive enough to provide an estimate of total annual 
constituent loadings in the Galena River.

The estimated daily flux for the dates when constituent 
data and streamflow data were available is provided in table 7. 
Because flux is calculated using streamflow, it is not pos-
sible to compute a flux value if either of these data values are 
missing, such as when the downstream station was inacces-
sible or not measurable owing to ice cover, very low flow, or 
backwater. Flux was typically larger at the downstream station 
owing to greater discharge from larger watershed area, com-
pared to the upstream station. There is a 40 percent increase 
in drainage area between the two stations and increases in 
streamflow generally ranged between 25 and 40 percent from 
the upstream to the downstream station. There were, however, 
some instances when the flux was higher at the upstream 
station, which occurred most often with total phosphorus and 
suspended sediment and likely was due to increased localized 
runoff. Time series plots of the constituent fluxes are presented 
in figures 8–11.

Nitrate fluxes in the Galena River ranged from 731 kilo-
grams per day (kg/d) to greater than 6,269 kg/d at the down-
stream station and fluxes were generally higher at the down-
stream station than at the upstream station (fig. 8). The largest 
fluxes typically were in the spring months (March to June), 
which is also when the largest streamflows occurred. The 
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Figure 2. Nitrate plus nitrite concentrations at the Galena River monitoring stations, 2019–21. Data from U.S. Geological 
Survey (2022b, c). 
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largest differences in flux quantities between the two stations 
were also during these months. These fluxes and differences 
appeared to be driven primarily by streamflow.

Fluxes in total phosphorus and orthophosphate were two 
orders of magnitude smaller than nitrate but showed similar 
relations with streamflow and decreased during the period 
of study; however, there were times when this was not the 
case. Measured fluxes of total phosphorus ranged from 25 to 
415 kg/d at the downstream station (fig. 9). The smallest flux 
measured at the upstream station was on February 20, 2020; 
however, the downstream station on this day was inacces-
sible owing to ice cover. It can be assumed that the flux at the 
downstream station on this date was also very small. Unlike 
nitrate, total phosphorus flux was higher at the upstream sta-
tion than at the downstream station on two dates (table 7). 
These greater upstream fluxes are discussed in the following 
paragraph. The largest fluxes were observed during the high-
flow samples in 2020 and 2021.

The total phosphorus flux was larger at the upstream sta-
tion than the downstream station on two occasions: May 18, 
2020, and March 24, 2021. Orthophosphate flux was also 

slightly larger at the upstream station on March 24, 2021 
(fig. 10). Concentrations of both total phosphorous and ortho-
phosphate were higher at the upstream station on both of these 
days and streamflows at the two stations were similar on these 
dates (271 and 284 cubic feet per second at the upstream sta-
tion and 370 and 393 cubic feet per second at the downstream 
station on May 18, 2020, and March 24, 2021, respectively). 
The higher concentrations and larger fluxes at the upstream 
station on these dates is thought to be a result of climatic sea-
son and associated land surface and land-use conditions.

Fluxes of suspended sediment were almost always higher 
at the upstream station during the early period of the study, 
with the largest differences for samples collected during higher 
streamflows (fig. 11). Streamflow was normal to low during 
the sampling dates in 2021 when suspended-sediment flux 
was higher at the downstream station; fluxes were consistently 
lower at the upstream station compared to the downstream 
station after April 2021. These data indicate that substantial 
quantities of suspended sediment are transported in the Galena 
River upstream from the upstream station and are stored 
within the stream channel within the study area.
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Figure 3. Total phosphorus concentrations at the Galena River monitoring stations, 2019–21. Data from U.S. Geological 
Survey (2022b, c). 
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Yields

Expressing constituent transport as quantity per unit 
area, or yield, provides an easier and often more informa-
tive method to evaluate transport characteristics among 
watersheds and portions of watersheds that represent dif-
ferent sized drainage areas. In this report, three watershed 
areas are evaluated: the watershed upstream from the study 
area (USGS station 05415006, about 37,555 hectares), the 
entire Galena watershed including the study area (USGS 
station 05416010, about 52,577 hectares), and the study 
area itself (about 15,022 hectares). The yield values for the 
study area were derived by subtracting the flux values at the 
upstream station (USGS station 05415006) from the flux 
values at the downstream station (USGS station 05416010) 
and dividing by the study area (about 58 mi2). The yield 
values for nutrients and suspended sediment at the two 
Galena River monitoring stations and for the study area are 
provided in table 8. Time-series plots of constituent yields 
during the period of study at the two monitoring stations 
and for the study area are shown in figures 12–15.

Constituent yields were typically higher at the 
upstream station than at the downstream station during 
moderate to high streamflows and lower during periods of 
reduced streamflow. These higher yields from the upstream 
station indicate that surface runoff, tile drainage, streambed 
and streambank erosion, and in-stream resuspension in the 
watershed upstream from the study area may be contribut-
ing larger amounts of constituents, per unit area, to the 
Galena River than does the study area watershed during 
periods of increased streamflow such as storm events, 
snowmelt, and wet seasons. However, during periods of 
normal to low streamflow, the downstream station gener-
ally has higher yields for total phosphorus, orthophos-
phate, and suspended sediment. The study area watershed 
represents a 40-percent increase in drainage area from the 
upstream station. For the contributions from the study area 
to substantially affect the yields of the Galena River at 
the downstream station, the contributions (whether larger 
or smaller) would have to be notable. The differences in 
yields between the two Galena River stations indicate that 

StreamflowU.S. Geological Survey (USGS) 
upstream station 05415006

Linear trend line 
(USGS station 05415006)

USGS downstream station 
05416010

Linear trend line 
(USGS station 05416010)

Linear trend line 
(streamflow)

Date

EXPLANATION

Feb.
2019

May
2019

Aug.
2019

Dec.
2019

Mar.
2020

June
2020

Sept.
2020

Jan.
2021

Apr.
2021

July
2021

Oct.
2021

0

100

200

300

400

500

600

700

800

0

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18
Orthophosphate

St
re

am
flo

w
, i

n 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

Co
nc

en
tra

tio
n,

 in
 m

ill
ig

ra
m

s 
pe

r l
ite

r

Figure 4. Dissolved orthophosphate concentrations at the Galena River monitoring stations, 2019–21. Data from U.S. Geological 
Survey (2022b, c).



Results and Discussion  11

there are substantial differences in nutrient and suspended-
sediment transport characteristics between the upstream 
watershed and study area watershed.

Nitrate yields were consistently higher at the upstream 
station regardless of streamflow conditions or climatic 
season, indicating that the upstream watershed had a higher 
rate of nitrate input than the study area (fig. 12). The lower 
yields at the downstream station could indicate that nitrate 
is being diluted by the increase in streamflow or consumed 
and stored within the reach of the Galena River between the 
monitoring stations. Calculated nitrate yields for the study 
area were typically 20 to 50 percent of the yields at the 
upstream station. Nitrate yields were highest during periods 
of high streamflow when surface and in-stream transport of 
nitrate is generally greater.

For total phosphorus, orthophosphate, and suspended 
sediment, yields were often higher at the upstream station 
during periods of moderate to high streamflow and lower at 

the upstream station during periods of normal to low 
streamflow (figs. 13–15). The differences in yields for these 
constituents between the upstream watershed and study 
area watershed were also greatest during high-flow periods, 
especially for total phosphorous and suspended sediment. 
These differences in total phosphorus and suspended sedi-
ment yields indicate the effects of increased contributions 
of particulate matter, such as soil runoff, organic mat-
ter, and debris, within the study area during the periods 
of higher streamflow. For orthophosphate, differences in 
yields between the two monitoring stations were not large 
and did not vary much with streamflow. However, during 
periods of moderate and low streamflow, the yields from 
the study area were larger than at the Galena River monitor-
ing stations. The contributions of nutrients from the City of 
Galena wastewater-treatment plant are unknown, but these 
inputs might affect the yield values at the downstream sta-
tion, particularly during low-flow periods.
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Figure 5. Suspended-sediment concentrations at the Galena River monitoring stations, 2019–21. Data from U.S. Geological 
Survey (2022b, c).
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Table 5. U.S. Environmental Protection Agency recommended nutrient water-quality criteria for level III ecoregion 53  
(U.S. Environmental Protection Agency, 2000).

[mg/L, milligram per liter; N, nitrogen; P, phosphorus]

Constituent 
Number of 

streams  
reported 

Reported values (mg/L) 
Recommended criteria; 25th percentiles 
based on all season data for the decade Minimum Maximum 

Nitrate plus nitrite, as N 10 0.37 5.61 0.94 
Total phosphorus, as P 136 0.005 1.465 0.080 

Table 6. Recommended numeric water-quality criteria from the Illinois loss nutrient reduction strategy (Illinois Environmental 
Protection Agency and others, 2017).

[mg/L, milligram per liter]

Constituent 
Recommended criteria 

North ecoregion South ecoregion 

Total phosphorus (mg/L) 0.116 0.110 
Total nitrogen (mg/L) 4.014 0.968 
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Table 7. Constituent fluxes at the Galena River monitoring stations, 2019–21.

[Dates are shown as month/day/year; 05415006, Galena River near Millbrig, Illinois; 05416010, Galena River near Portage, Illinois; n.d., no data]

Date

Constituent flux (kilograms per day) 

Nitrate plus nitrite Total phosphorus Orthophosphate Suspended sediment 

05415006 05416010 05415006 05416010 05415006 05416010 05415006 05416010 

5/22/2019 4,001 4,214 89 104 40 49 35,671 27,230 
6/5/2019 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6/19/2019 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
7/16/2019 2,696 2,917 49 91 26 45 17,444 16,534 
8/21/2019 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
2/20/2020 513 n.d. 2 n.d. 2 n.d. 2,680 n.d. 
5/18/2020 3,991 4,427 239 199 65 79 100,779 64,271 
6/15/2020 3,861 n.d. 85 n.d. 34 n.d. 71,469 n.d. 
7/24/2020 3,392 3,942 42 74 23 42 26,545 69,913 
8/19/2020 2,231 n.d. 37 n.d. 17 n.d. 21,941 n.d. 
9/16/2020 1,964 2,549 55 102 30 57 25,819 42,570 
10/13/2020 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
11/10/2020 1,869 n.d. 24 n.d. 3 n.d. 11,465 n.d. 
12/16/2020 1,877 n.d. 20 n.d. 6 n.d. 8,441 n.d. 
3/10/2021 4,780 6,269 391 415 151 200 237,586 144,556 
3/24/2021 3,717 4,221 188 144 27 25 54,196 36,537 
4/7/2021 1,838 2,035 14 34 5 13 3,902 27,128 
4/21/2021 1,758 2,003 7 33 3 20 15,643 18,511 
5/5/2021 1,405 1,580 18 45 11 19 11,736 18,804 
5/18/2021 1,263 1,282 13 27 7 13 5,813 17,004 
6/2/2021 1,075 1,250 12 25 6 15 4,509 8,587 
6/16/2021 763 777 22 49 12 25 9,217 23,083 
6/29/2021 844 1,005 24 40 13 24 10,716 16,637 
7/14/2021 794 731 15 15 6 32 9,365 n.d. 
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Figure 10. Time-series of orthophosphate flux at the Galena River monitoring stations, 2019–21.
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Figure 11. Time-series of suspended-sediment flux at the Galena River monitoring stations, 2019–21.
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Table 8. Constituent yields at the Galena River monitoring stations, 2019–21.

[Dates are shown as month/day/year; 05415006, Galena River near Millbrig, Illinois (upstream); 05416010, Galena River near Portage, Illinois (downstream); n.d., no data]

Date

Instantaneous constituent yield, in kilograms per day per hectare 

Nitrate plus nitrite Total phosphorus Orthophosphate Suspended sediment 

05415006 05416010 
Study 
area 

05415006 05416010 
Study 
area 

05415006 05416010 
Study 
area 

05415006 05416010 
Study 
area 

5/22/2019 0.107 0.080 0.014 0.0024 0.0020 0.0010 0.0011 0.0009 0.0006 0.9498 0.5179 −0.5619 
6/5/2019 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6/19/2019 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
7/16/2019 0.072 0.055 0.015 0.0013 0.0017 0.0028 0.0007 0.0009 0.0013 0.4645 0.3145 −0.0606 
8/21/2019 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
2/20/2020 0.014 n.d. n.d. n.d. n.d. n.d. 0.0000 n.d. 0.0000 0.0714 n.d. n.d. 
5/18/2020 0.106 0.084 0.029 0.0064 0.0038 −0.0026 0.0017 0.0015 0.0009 2.6835 1.2224 −2.4303 
6/15/2020 0.103 n.d. n.d. 0.0023 n.d. n.d. 0.0009 n.d. n.d. 1.9031 n.d. n.d. 
7/24/2020 0.090 0.075 0.037 0.0011 0.0014 0.0021 0.0006 0.0008 0.0013 0.7068 1.3297 2.8870 
8/19/2020 0.059 n.d. n.d. 0.0010 n.d. n.d. 0.0004 n.d. n.d. 0.5842 n.d. n.d. 
9/16/2020 0.052 0.048 0.039 0.0015 0.0019 0.0031 0.0008 0.0011 0.0018 0.6875 0.8097 1.1151 
10/13/2020 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
11/10/2020 0.050 n.d. n.d. 0.0006 n.d. n.d. 0.0001 n.d. n.d. 0.3053 n.d. n.d. 
12/16/2020 0.050 n.d. n.d. 0.0005 n.d. n.d. 0.0002 n.d. n.d. 0.2248 n.d. n.d. 
3/10/2021 0.127 0.119 0.099 0.0104 0.0079 0.0016 0.0040 0.0038 0.0033 6.3264 2.7494 −6.1930 
3/24/2021 0.099 0.080 0.034 0.0050 0.0027 -0.0029 0.0007 0.0005 -0.0001 1.4431 0.6949 −1.1756 
4/7/2021 0.049 0.039 0.013 0.0004 0.0006 0.0013 0.0001 0.0002 0.0005 0.1039 0.5160 1.5461 
4/21/2021 0.047 0.038 0.016 0.0002 0.0006 0.0018 0.0001 0.0004 0.0011 0.4165 0.3521 0.1909 
5/5/2021 0.037 0.030 0.012 0.0005 0.0009 0.0018 0.0003 0.0004 0.0005 0.3125 0.3577 0.4705 
5/18/2021 0.034 0.024 0.001 0.0004 0.0005 0.0009 0.0002 0.0003 0.0004 0.1548 0.3234 0.7449 
6/2/2021 0.029 0.024 0.012 0.0003 0.0005 0.0009 0.0002 0.0003 0.0006 0.1201 0.1633 0.2715 
6/16/2021 0.020 0.015 0.001 0.0006 0.0009 0.0018 0.0003 0.0005 0.0008 0.2454 0.4390 0.9231 
6/29/2021 0.022 0.019 0.011 0.0006 0.0008 0.0011 0.0004 0.0004 0.0007 0.2853 0.3164 0.3941 
7/14/2021 0.021 0.014 -0.004 0.0004 0.0003 0.0000 0.0002 0.0006 0.0017 0.2494 n.d. n.d. 
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Figure 12. Time-series of nitrate plus nitrite yield at the Galena River monitoring stations, 2019–21.
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Figure 14. Time-series of orthophosphate yield at the Galena River monitoring stations, 2019–21.
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Summary
Providing baseline values for nutrient and sediment 

concentrations, fluxes, and yields in streams is a critical 
step in understanding in-stream dynamics and evaluating 
land-use change in a watershed. This study looked at 20–23 
samples collected during varying hydrologic conditions from 
May 2019 to July 2021 to establish a baseline regime for 
nitrate, phosphorus, and suspended-sediment, as well as to 
characterize differences in concentrations, fluxes, and yields 
between upstream and downstream monitoring locations for 
the target study area.

Considering the range of nutrient concentrations observed 
for the entire State of Illinois for the same time period and 
previous years, the concentrations were similar between the 
two Galena River monitoring stations (U.S. Geological Survey 
station 05415006 [Galena River near Millbrig, Illinois; hereaf-
ter referred to as the “upstream station”] and U.S. Geological 

Survey station 05416010 [Galena River near Portage, Ill.; 
hereafter referred to as the “downstream station”]). However, 
nitrate concentrations were typically higher at the upstream 
station, whereas phosphorus concentrations were higher at 
the downstream station. The relation of suspended-sediment 
concentrations between the two stations was more variable. 
Flux was typically larger at the downstream station most 
likely due to greater discharge from the larger watershed area 
as compared to the upstream station. Constituent yields were 
typically higher at the upstream station than at the downstream 
station during moderate to high streamflows and lower during 
periods of reduced streamflow.

Both stations exhibited downward trends in nitrate con-
centrations and streamflow during the period of study. Nitrate 
loads were higher at the downstream station owing to the 
higher streamflow values. When watershed area was incorpo-
rated to compute yields, the upstream station showed consis-
tently higher nitrate yield values than the downstream station.

U.S. Geological Survey (USGS) 
upstream station 05415006

USGS downstream station 
05416010

Study area Streamflow
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Figure 15. Time-series of suspended-sediment yield at the Galena River monitoring stations, 2019–21.
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Total phosphorus and orthophosphate displayed similar 
patterns during the study period and for this reason will not 
be summarized separately; the summary of total phosphorus 
(phosphorus) represents both analyses. Phosphorus con-
centrations decreased during the period of study and were 
consistently higher at the downstream station compared to 
the upstream station. Phosphorus was determined to mobilize 
during high-flow events, leading to increases in concentration 
during these periods. Total phosphorus fluxes and yields were 
also consistently higher at the downstream station, except for 
two periods of high flow in May 2020 and March 2021.

In contrast to nutrient constituents, there was no discern-
able downward trend during the study period for suspended-
sediment concentration. The difference in concentrations 
between stations was also negligible, with both stations 
having the same mean value and similar median values. 
Similarly, flux did not follow a clear trend. During high flows, 
the upstream station had consistently greater flux than the 
downstream station. During low to normal flows, flux varied 
independent of flow. Similar to flux, yields of suspended sedi-
ment were higher at the upstream station during moderate to 
high streamflow periods and higher at the downstream station 
during periods of reduced streamflow.

This study establishes a sample set for nutrient and sedi-
ment concentrations, loads, and yields for the Galena River 
watershed, as well as an introductory exploration of nutrient 
and sediment dynamics within the study area. The unique vari-
ances for each constituent (nitrate, total phosphorus, ortho-
phosphate, and suspended sediment) within the watershed are 
characterized along with their relation to flow. This study sets 
a foundation for any future work looking at changes of con-
centrations and loads or also effects of land-use change within 
the watershed.
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