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LOADS OF NITRATE, PHOSPHORUS, AND TOTAL SUSPENDED
SOLIDS FROM INDIANA WATERSHEDS

Aubrey R. Bunch': USGS Indiana-Kentucky Water Science Center, 5957 Lakeside Blvd.,
Indianapolis, IN 46278 USA

ABSTRACT. Transport of excess nutrients and total suspended solids (TSS) such as sediment by freshwater
systems has led to degradation of aquatic ecosystems around the world. Nutrient and TSS loads from
Midwestern states to the Mississippi River are a major contributor to the Gulf of Mexico Hypoxic Zone, an area
of very low dissolved oxygen concentration in the Gulf of Mexico. To better understand Indiana’s contribution
of nutrients and TSS to the Mississippi River, annual loads of nitrate plus nitrite as nitrogen, total phosphorus,
and TSS were calculated for nine selected watersheds in Indiana using the load estimation model, S-LOADEST.
Discrete water-quality samples collected monthly by the Indiana Department of Environmental Management’s
Fixed Stations Monitoring Program from 2000-2010 and concurrent discharge data from the U. S. Geological
Survey streamflow gages were used to create load models. Annual nutrient and TSS loads varied across Indiana
by watershed and hydrologic condition. Understanding the loads from large river sites in Indiana is important
for assessing contributions of nutrients and TSS to the Mississippi River Basin and in determining the
effectiveness of best management practices in the state. Additionally, evaluation of loads from smaller upstream
watersheds is important to characterize improvements at the local level and to identify priorities for reduction.

Keywords: Nutrient loads, mass transport, Indiana, nitrate, phosphorus, suspended solids

INTRODUCTION shelf (Rabalais et al. 2002). Transport of dissolved
nutrients and nutrients bound to suspended solids
; . . from Midwestern states to the Mississippi River
of nutrients and total suspended solids (TSS) in hasbeen identified as one of the main contributors

streams 1r_101ud1ng climate, basin size, land use, and to this hypoxia (Alexander et al. 2008, Robertson
hydrological management practices (Meybeck et & Saad 2013, Robertson et al. 2014)
al.2003; Domagalski et al. 2008). Excess nutrients ’ ) |

(primarily nitrogen and phosphorus) can lead to
eutrophication which degrades the structure and

Many factors can influence the concentration

The Mississippi River drains all or portions of
31 states. The U.S. Geological Survey’s Spatially
: . . Referenced Regressions On Watershed attributes
function of aquatic food chains (Dodds & Welch (SPARROW) model (based on data from 1992 to

2000). EXCCS,SiVC TSS’ such as sedimerllt, can a,ISO 2002 and detrended to 2002) was used to estimate
alter aquatic habitats through sedimentation that of those 31 states, nine states (including

(Bllvotta &, Brazier 2008). Eutroph{catlon aqd Indiana) contributed 75% of the total nitrogen
sedimentation can lead to economic losses in . 4 (o(a] phosphorus delivery to the Gulf of
recreational watfer usage and Waterfront real  Mexico (Alexander et al. 2008). Those nine states,
estate, as well as increased spending on recovery however, constitute only 33% of the drainage

and drinking water treatment (Carpenter et al. ;1) The model identified corn/soybean row crop
1998; Bilotta & Brazier 2008; Dodds et al. 2009). as the main contributor of total nitrogen loads,

Theimpacts of excessive nutrientand TSSloading  pije phosphorus loads were linked to non-
in streams may not just be local; they canlead to ecoverable manure from pasture/rangelands.
degradation of water quality and habitat i The SPARROW model results indicated that
waterbodies far downstream, and can contribute  [pdiana contributed 10-17% of the nitrogen and
to large scale ecological effects in coastal areas 5109, of the phosphorus mass transported to the
(Diaz & Rosenberg 2008). The world’s second  Gulf of Mexico from 1999 to 2002. A recently
largest hypoxia zone is located in the Gulf of  ypdated SPARROW model indicated that wa-
Mexico in the shallow waters of the Louisiana  tersheds in Indiana contribute the third highest
' Corresponding author: Aubrey R. Bunch, 317- ~amount of nitrogen and the seventh highest

600-2783 (phone), 317-290-3313 (fax), aurbunch@  amount of phosphorus to the Gulf of Mexico in
usgs.gov. comparison to other Midwest states (Robertson
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Table 1.—Sites used for loads analysis and their associated USGS stream gages. Map ID for Figure 1. All

sites are in Indiana.

Map ID Drainage USGS gage

number Site name Watershed area (km?) number
1 Wabash River at Montezuma Lower Wabash 28,775 03340500
2 Wabash River at Lafayette Middle Wabash 19,384 03335500
3 Wabash River at Peru Upper Wabash 6,952 03327500
4 White River at Petersburg White 28,796 03374000
5 West Fork White River near Centerton West Fork White 6,436 03354000
6 East Fork White River at Seymour East Fork White 6,056 03365500
7 Kankakee River at Shelby Kankakee 4,604 05518000
8 Iroquois River near Foresman Iroquois 1,404 05524500
9 Patoka River near Winslow Patoka 1,682 03376300

et.al. 2014). Robertson et al. (2014) estimated that
Indiana contributed 155,742,615 kg/yr of nitro-
gen and 6,767,868 kg/yr of phosphorus to the
Gulf of Mexico, based on model applications with
data from 1971 to 2006 with results made
applicable to 2002. When loads were divided by
watershed area to compute yields for each state,
Indiana had the highest yield (kg/km?) of
nitrogen, 1,804 kg/km?, and the seventh highest
yield of phosphorus, 78.4 kg/km?.

Evaluation of nutrient loads from select
individual watersheds within Indiana may pro-
vide insight about the overall contribution of
nutrients to the Mississippi River. Within In-
diana, the Indiana Department of Environmental
Management (IDEM) has collected monthly
stream-water samples as part of their Fixed
Station Monitoring Program (FSMP) since 1957
and the U.S. Geological Survey (USGS) has
operated a network of stream gages that provides
continuous stream discharge records for many
sites and streams since the 1930’s (Jian et al. 2012).
The objective of this study was to use these two
long-term data sets to calculate loads of nitrate,
phosphorus, and TSS for select Indiana water-
sheds for the period 2000 to 2010; and compare
loads to previously modeled contributions from
Indiana.

METHODS

Site selection.—Nine sites from the IDEM
FSMP and their associated USGS stream gages
were selected and used to estimate loads of
nitrate plus nitrite as nitrogen (referred to as
nitrate in this paper), total phosphorus (re-
ferred to as phosphorus in this paper), and
total suspended solids (referred to as TSS in
this paper) from Indiana (Table 1, Fig. 1).
There are 163 sites across the state in IDEM’s

FSMP (as of 2012). The nine IDEM FSMP
sites chosen for load calculations were those
located on the furthest downstream reaches of
large watersheds within Indiana that drain to
the Mississippi River system. For the two
largest Indiana watersheds, the Wabash River
and White River, two additional sites located
upstream were also chosen to further examine

EXPLANATION
@ Loads Site and Site Number

I:I Upstream Watershed

Major Streams

50 Miles

25 50 Kilometers

Figure 1.—Water-quality monitoring sites and
upstream drainage areas used in load models. Map
ID number is associated with Table 1.
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Table 2.—Load model number and equations for predefined models ranked for model fit used in S-
LOADEST to estimate loads for Indiana watersheds from 2000-2010. [a, intercept; a4, coefficient; In, natural
log; InQ, In(discharge) - median of In(discharge); dtime, decimal time - decimal time adjustment; sin, sine; cos,

cosine]

Model number

Regression model equation

a()+a|an

O 01N W B Lo~

ag+a;In0+a-InQ?

apt+ainQ—+a,dtime

ag+a,InQ+a,sin(2ndtime)+azcos(2ndtime)
ao+alan+azan2+a3dtime
ag+a,In0+arInQ*+assin2ndtime)+ascos(2ndtime)
apt+ailnQ—+a,sin(2ndtime)+ascos(2ndtime)+aydtime
ag+a1In0+a-InQ’*+assin(2ndtime)+ascos(2ndtime)+asdtime
ag+a,InQ+arInQ*+assin(2ndtime)+ascos(2ndtime)+asdtime+agdtime*

loads within those larger watersheds. These
sites had a complete water-quality record of
monthly samples from 2000-2010 and were co-
located at or within a reasonable distance from
a USGS streamflow gage with a complete
record of discharge data from 2000-2010.
ArcGIS 10.1 geographic information system
(ESRI 2012) was used to identify USGS stream
gages that were co-located or on the same
stream reach as a FSMP site. All sites had a
drainage basin difference of less than 7%
between the water-quality site and the USGS
streamflow gage, except the Iroquois River at
Foresman, IN which had an 18% difference.

Water-quality and streamflow data.—Data
for monthly water-quality samples analyzed for
nitrate, phosphorus, and TSS were obtained
from IDEM’s Assessment Information Man-
agement System (IDEM 2013) database. Lab-
oratories and analysis procedures changed and
reporting limits for phosphorus and TSS
changed over time so the highest reporting
limit was used to determine censored values.
Nitrate had no censored values. Streamflow
data for USGS gages associated with FSMP
sites were obtained from the USGS National
Water Information System (NWIS) (U.S.
Geological Survey 2013a-i) database for each
site from 2000-2010. The program waterData
(Ryberg & Vecchia 2012) was used to screen
and standardize zero and missing values and to
mathematically assign probable streamflow
values for missing values.

Load models.—Loads were calculated for
nitrate, phosphorus, and TSS with the program
S-LOADEST, an adaptation of LOADEST
developed by Runkel et al. (2004). S-LOAD-
EST was written for S-Plus statistical software

(TIBCO 2008, any use of trade, firm, or
product names is for descriptive purposes only
and does not imply endorsement by the U.S.
Government). This program calibrates load
models using time-series streamflow and con-
stituent concentration data. The regression
models relate the concentration of nitrate,
phosphorus, or TSS from monthly water-
quality samples to the daily mean discharge
on the day of sampling. In addition to stream-
flow and concentration, the program considers
various functions of discharge, seasonality, and
time over the 11 year period to calibrate
models.

The S-LOADEST program has three methods
that can estimate coefficients of the dependent
variables in load models: Adjusted Maximum
Likelihood Estimation (AMLE), Maximum
Likelihood Estimation (MLE), and Least Abso-
lute Deviation (LAD) (Runkel et al. 2004). The
AMLE and MLE methods are most appropriate
when data are normally distributed. LAD can be
used when data are not normally distributed;
however, it cannot be used with censored data.
The AMLE method can be used with censored
data; if the AMLE method is selected and no
censored data are present, the method converts to
MLE (Dempster et al. 1977, Wolynetz 1979;
Cohn 1988; Cohn 2005). Because censored data
were present, AMLE was used for estimating
loads for this study. The AMLE method corrects
for transformation bias in the regression-model
coefficients.

Using the AMLE method, S-LOADEST
software ranked nine predefined models (Table
2) for each site and constituent. Models were
ranked and the best defined model was identified
on the basis of Akaike Information Criterion
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Table 3.—Continued.

Patoka River near Winslow, IN

Total phosphorus Total suspended solids

Nitrate plus Nitrite as Nitrogen

Standard error

Standard error

Standard error

Annual yield Annual load of prediction Annual yield Annual load of prediction Annual yield
(Metric Tons) (Metric Tons)  (Metric Tons)

of prediction
(Metric Tons)

Annual load

(kg/km?)

(kg/km?)

(Metric Tons)

(kg/km?)

(Metric Tons)

Year

31,181
23212
59,493
29,196
36,392
20,965
66,424
22,782
65,879
47,950
23,376

16

52,446
39,043
100,068

86

0.03
0.03
0.04
0.02
0.02
0.02
0.05
0.02
0.05
0.04
0.02

145
133

699
633

0.33
0.32
0.42
0.27
0.30
0.29
0.58
0.35
0.60
0.34
0.24

1,176
1,064
1,475
1,188
1,309
1,031

2000
2001

79

115

50
13
19

194

877
706
778
613
1,150

2002
2003

49,108
61,212
35,263

111,725

74

124

92
65
173

155

2004
2005

110

291

41

1,935
1,202

1,611

2006
2007

2008

11

38,319
110,809

74
136

124
229
202

715
958
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57

80,652
39,318

120

902
637

1,517

2009
2010

63

106

1,072

(AIC). The model with the lowest AIC score for
each site and constituent was further evaluated
with diagnostic plots for each model factor and
residual plots to determine if residuals had equal
statistical variance and were evenly distributed.

Once the best model was determined, USGS
daily mean discharge data from associated stream
gages for the period 1 January 2000 to 31
December 2010 were used with the regression
model to estimate daily loads of nitrate, total
phosphorus, and TSS for each site. Annual loads
were estimated as the sum of the daily loads for
each year. For each watershed, mean and median
annual load for each constituent were calculated
for the 11 year period.

Yields.—To compare loads for sites with
varying drainage basin sizes, yields were
calculated by dividing the load at each site by
the watershed area. This allowed the compar-
isons between sites in units of tons per square
kilometer per year.

RESULTS

Annual loads for nitrate, phosphorus, and TSS
varied by year for each site (Table 3). For most
sites and constituents, the lowest annual load
values occurred in 2000 (Table 3). In general,
standard error of prediction seen in the models
was higher in years where the load was higher. For
median annual loads for the 11 year period, sites
with larger drainage areas (Lower Wabash, White
River) tended to have higher loads than those with
smaller drainage basins (Table 4, Figs. 2A-C). For
yields, the values were more similar and in some
instances sites with smaller watersheds had higher
yields than those with larger watersheds (Table 4,
Figs. 2D-F). Most notably the Iroquois River
near Foresman, the site with the smallest water-
shed area, had the highest median annual yield for
nitrate.

Nitrate—Median annual nitrate loads for
2000-2010 vary across the state (Fig. 3).
Median annual nitrate loads range from 1,202
metric tons per year at the Patoka River near
Winslow, IN to 61,815 metric tons per year at
the Wabash River at Montezuma, IN (Table 4,
Fig. 2A). The Iroquois River near Foresman,
IN had the largest median annual nitrate yield
at 2,314 kg/km? per year, and the Patoka River
near Winslow, IN had the lowest nitrate yield
at 715 kg/km? per year (Table 4, Fig. 2D).

Phosphorus.—Median annual phosphorus
loads for 2000-2010 vary across the state of
Indiana (Fig. 4). Median annual phosphorus
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Table 4—Median annual loads and yields from 2000 to 2010 for Indiana watersheds. Bold number
indicates highest value. All site are in Indiana.

Drainage Median annual Median annual
Site Name Watershed area (km”)  load (Metric Tons) yield (kg/km?)
Nitrate plus Nitrite as Nitrogen

Wabash River at Montezuma Lower Wabash 28,775 61,815 2,148
Wabash River at Lafayette Middle Wabash 19,384 36,438 1,880
Wabash River at Peru Upper Wabash 6,952 11,966 1,721
White River at Petersburg White 28,796 30,946 1,075
West Fork White River near

Centerton West Fork White 6,436 7,866 1,222
East Fork White River at

Seymour East Fork White 6,056 10,510 1,735
Kankakee River at Shelby Kankakee 4,604 3,358 729
Iroquois River near Foresman  Iroquois 1,404 3,249 2,314
Patoka River near Winslow Patoka 1,682 1,202 715

Total Phosphorus

Wabash River at Montezuma Lower Wabash 28,775 2,576 90
Wabash River at Lafayette Middle Wabash 19,384 1,895 98
Wabash River at Peru Upper Wabash 6,952 905 130
White River at Petersburg White 28,796 3,115 108
West Fork White River near

Centerton West Fork White 6,436 906 141
East Fork White River at

Seymour East Fork White 6,056 803 133
Kankakee River at Shelby Kankakee 4,604 128 28
Iroquois River near Foresman  Iroquois 1,404 55 39
Patoka River near Winslow Patoka 1,682 145 86

Total Suspended Solids

Wabash River at Montezuma Lower Wabash 28,775 744,401 25,870
Wabash River at Lafayette Middle Wabash 19,384 552,029 28,479
Wabash River at Peru Upper Wabash 6,952 236,182 33,973
White River at Petersburg White 28,796 1,541,229 53,522
West Fork White River near

Centerton West Fork White 6,436 397,036 61,690
East Fork White River at

Seymour East Fork White 6,056 466,598 77,046
Kankakee River at Shelby Kankakee 4,604 33,466 7,269
Iroquois River near Foresman  Iroquois 1,404 12,105 8,622
Patoka River near Winslow Patoka 1,682 52,446 31,181

loads ranged from 55 metric tons per year at
the Iroquois River near Foresman, IN to 3,115
metric tons per year at the White River at
Petersburg, IN (Table 4, Fig. 2B). The West
Fork White River near Centerton, IN had the
largest median annual phosphorus yield at 141
kg/km? per year, and the Kankakee River at
Shelby, IN had the lowest phosphorus yield at
28 kg/km? per year (Table 4, Fig. 2E).
TSS.—Median annual TSS loads for 2000
2010 vary across the state of Indiana (Table 4,
Fig. 5). Median annual TSS loads ranged from
12,105 metric tons at the Iroquois River near

Foresman, IN to 1,541,229 metric tons per year
at the White River at Petersburg, IN (Table 4,
Fig. 2C). The East Fork White River at
Seymour, IN had the largest median annual
TSS yield at 77,046 kg/km® per year, and the
Kankakee River at Shelby, IN had the lowest
TSS yield at 7,269 kg/km? per year (Fig. 2F).

DISCUSSION

Stream loads are influenced by transport of the
constituents to the stream and instream processes.
Excess precipitation and associated runoff can
increase the transport of constituents to streams
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Figure 2.—Median annual loads for a) nitrate plus nitrite as nitrogen, b) total phosphorus, and c) total
suspended solids, and annual yields for d) nitrate plus nitrite as nitrogen, ¢) total phosphorus, and f) total
suspended solids. Diamond represents the mean annual load from 2000-2010. Whiskers represent the range of
values for annual load (min and max) for each of the nine Indiana watersheds.

as well as increase the amount of water flowing in
a stream. In addition, high stream flows can
increase stream constituent transport levels
through resuspension of constituents that may
have settled to the stream bed or bank during
periods of low discharge. On the other hand,
prolonged time periods of little precipitation and
runoff will lead to lower stream loads of
constituents because of reduced flow and trans-
port. During 2000, Indiana precipitation accu-
mulation totals were below normal causing a
moderate-to-severe drought through mid-June.
The drought led to very low stream discharge at
sites around the state (Stewart et al. 2001).
Consequently, during the study period, six of the
nine sites had their lowest annual load for nitrate,
and eight of the nine sites had their lowest annual
load for phosphorus and TSS in 2000.

Annual loads for TSS and phosphorus were
correlated (R? = 0.77, Root mean-squared error
(RMS)=548; Fig. 6A); when TSS load was high,
phosphorus load tended to be high and when TSS
load was low, phosphorus load tended to be low.
Annual nitrate loads were not as strongly
correlated to annual loads of TSS (R? = 0.30,
RMS = 16,400; Fig. 6B). Phosphorus binds to

suspended sediment particles that are included in
the TSS measurements. Though measurements of
TSS can under estimate sediment concentrations,
especially when sand-sized material exceeds 25%
of the sediment mass (Gray et al. 2000), the
correlation between phosphorus and TSS is still
apparent. Nitrate did not follow this pattern
because it is soluble in water and not influenced by
the presence of sediment (Baker 1980).

Median annual yields for phosphorus and TSS
were the lowest at Kankakee River at Shelby, IN
and the Iroquois River near Foresman, IN. The
northwestern part of Indiana, which includes the
Iroquois and Kankakee River basins, is dominat-
ed by sandy soils, whereas the rest of the state has
soils dominated by silt and clay (Clark & Larrison
1980). When sand concentrations are high in
water, measurements of TSS are biased low (Gray
et al. 2000). Also, sand particles have a lower
surface area to mass ratio than silt and clay,
reducing the area for phosphorus binding (Kai-
serli et al. 2002). The high quantity of sand in soils
in northwestern Indiana may help explain why the
yield for both TSS and total phosphorus in the
Iroquois and Kankakee River basins were lower
than in streams elsewhere in the state.
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Figure 3.—Median annual loads of nitrate plus
nitrite as nitrogen in metric tons per year in Indiana
watersheds for the period 2000-2010. Size of circle is
proportional to the load.

Instream dynamics, such as resuspension,
storage, or nutrient uptake, make it difficult to
pin-point the source of nutrients and TSS loads in
streams. When a load is measured at a site it does
not mean that that watershed contributes that full
amount to the Gulf of Mexico; it only means that
flux is moving past that point in the basin at the
given time. Alexander et al. (2000, 2008) found
that the proximity of a source to a large stream or
river is strongly correlated with the fraction of its
nitrogen or phosphorus load that is delivered to
the Gulf of Mexico. Delivery was found to
increase with stream size; however, reservoirs
tended to reduce the amount of phosphorus
delivered downstream due to sediment trapping.
Loads estimated at smaller upstream sites, though
important in understanding the dynamics of the
smaller watershed, may not give much insight into
theload that ultimately reaches an estuary system.

During 2003, the annual load of TSS at sites in
the West Fork White River basin and the Upper
Wabash River basin were higher than the annual
loads at the downstream sites, i.e., the White River
at Petersburg and the Wabash River at Monte-
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Figure 4.—Median annual loads of total phos-
phorus in tons per year in Indiana watersheds for the
period 2000-2010. Size of circle is proportional to the
load.

zuma. During this year, there were severe isolated
rainstorms in both July and September in
northern Indiana that resulted in floods in the
West Fork White River basin and in the Upper
Wabash River basin. The flooding in these
upstream basins caused the daily discharge values
above the 99" percentile seen for the period of
record at these sites (U.S. Geological Survey
2004). Flood events can cause large amounts of
TSS to be transported due to increases in erosion
(Charlton 2008). Large amounts of constituents
were moving through the upstream sites (West
Fork White River basin and Upper Wabash
River), but the lower portion of these watersheds
(White River at Petersburg and the Wabash River
at Montezuma) did not experience the high runoff
and constituents likely settled out along the course
of the water moving downstream as stream flow
energy decreased. This illustrates that the loads
measured at smaller upstream watersheds may
not indicate what is delivered to the Gulf;
however, they are important for measuring
improvements or identifying priorities for reduc-
tion at a local level.
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Figure 5.—Median annual loads of total suspend-
ed solids in tons per year in Indiana watersheds for
the period 2000-2010. Size of circle is proportional to
the load.

There are multiple ways to estimate mass
transport in rivers and streams. A simple one-to-
one comparison of loads or yields calculated from
differing methods and models may be inappro-
priate because of differences in assumptions, time
scales, and target watersheds. However, simple
comparisons of the general results between the
different methods may be useful in evaluating
qualitatively the results of the models. This study
uses a simple qualitative comparisons between the
results from using LOADEST (based upon
discrete sampling and discharge data from
2000-2010) and the results from previous SPAR-
ROW applications (based upon long-term mean-
annual loads (made applicable to 2002)). The
median annual loads from the two most down-
stream sites (Lower Wabash at Montezuma, IN
and White River at Petersburg, IN) were com-
bined to estimate a “total” annual load delivered
from Indiana. The Robertson et al. (2014)
SPARROW model predicted 155,744 MT/yr of
total nitrogen was delivered to the Gulf of Mexico
from Indiana, the “total” annual load delivered of

5,000

1(a)R?=0.77, RMS=548
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Figure 6.—Comparison of estimated annual loads
for 10 years (2000-2010) at nine stations in Indiana
for a) total phosphorus and total suspended solids
and b) nitrate plus nitrite as nitrogen and total
suspended solids, with R? and root-mean-square
error (RMS). Line represents the regression for each
graph.

nitrate delivered from Indiana in this study was
92,761 MT/yr. The two models had similar yields,
the SPARROW model estimated a total nitrogen
yield of 1,800 kg/km? and the LOADEST model
from this study estimated a nitrate yield of 1,600
kg/km?. Even though this study uses nitrate
concentrations and SPARROW models use total
nitrogen, these results are comparable since in
streams draining to the Gulf of Mexico it has been
shown that the majority of total nitrogen is in the
form of nitrate (Goolsby et al. 2001). Total
phosphorus loads from Indiana to the Gulf of
Mexico estimated from SPARROW models were
6,768 MT/yr, and the “total” annual load
delivered for phosphorus from this study was
5,691 MT/yr. The phosphorus yields were esti-
mated to be 78 kg/km? by the SPARROW model
and 90 kg/km? for this study. Robertson et al.
(2014) used all watersheds draining into the
Mississippi to make their model (86,337 km?);
while this study only evaluated loads from the two
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largest river basins in Indiana, the Wabash and
the White (57,570 km?), to estimate loads. The
similarities in delivered loads and yields from the
Robertson et al (2014) SPARROW models and
those calculated in this study illustrate that the
Wabash and White River are likely the main
sources for nutrients to the Gulf of Mexico from
Indiana. Monitoring loads at these sites is
important for assessing how Indiana is influenc-
ing Mississippi River loads and to determine if
management practices are helping to reduce loads
from the state.
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