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practices for minimizing environmental concerns, especially surface water and

ground water pollution. Feedlot runoff can end up in surface water streams, which
may be detrimental to fish and aquatic life and may cause eutrophication (a process by
which a water body becomes abundant in plant nutrients and low in oxygen).

Runoff quality from the feedlot surface is important when adapting best management

Runoff is likely to occur from open feedlot pen surfaces when rainfall or snowmelt occurs.
A rainfall event following land application of manure, overapplying manure or misapplying
manure also may cause runoff. The focus of this publication is to discuss feedlot runoff
quality.

Various criteria have been developed to characterize water quality, including physical
characteristics, chemical constituents and bacterial content. Water quality criteria are set
to protect water for humans and aquatic life.

Runoff from a feedlot may transport large quantities of organic matter, nutrients and
pathogens. If feedlots are not managed properly, uncontrolled runoff from beef cattle
feedlot pens may pollute public waters, thus may pose a risk to aquatic life, as well as
recreational and drinking water.

The Clean Water Act requires management practices to control runoff from feedlots.
Runoff is a significant transport mechanism for water-soluble pollutants (nitrate, nitrite,
ortho-phosphate).

Excess amounts of nitrogen in water may cause depletion of oxygen in the water and
may affect aquatic life and organisms. Nitrogen has different forms, but total nitrogen
(TN), ammonium nitrogen (NH4-N), organic nitrogen, nitrite (NO,") and nitrate (NO3") are
concerns in runoff.

Total nitrogen is the sum of total Kjeldahl nitrogen (TKN), ammonia and nitrate-nitrite.
Nitrate and ammonium are highly soluble and readily transfer with runoff and may end
up in the water stream. Nitrate can leach into ground water and may pose ground water
contamination. By implementing nutrient management practices, nutrient loss in runoff
may be reduced.

Similarly, phosphorus (P) is an essential nutrient for plants and animals. Phosphorus in
runoff may be present as dissolved reactive phosphorus or orthophosphate (ortho-P) and
may cause eutrophication or other water quality problems. Eutrophication is caused by
excessive amounts of phosphorus and nitrogen in a water body, causing algae problems.

Runoff from feedlot pen surfaces must be controlled and prevented from entering
surface and ground waters. Runoff management practices may include settling basins or
vegetative filter systems to reduce solid and nutrient loads.

Knowledge of runoff quality from beef cattle feedlot pens would be useful to design
effective management practices to protect water quality. This publication is intended to
share runoff quality measurements from three beef cattle feedlot pen surfaces under
North Dakota management and climatic conditions.

www.ag.ndsu.edu | Water Quality of Runoff From Beef Cattle Feedlots



Runoff Sample Collection,
Analysis and Reporting

Runoff samples can be collected manually (grab
samples) or by using an automatic sampler (ISCO
automatic sampler or other automatic device) after
a rainfall event. For automatic sampling, runoff may
be collected in a bucket and sampling occurs from
there. Samples may be collected at various times
throughout the year to have a better understanding
of nutrient concentrations in runoff.

Samples can be sent immediately in a cooler after
collection to any water quality analysis laboratory
for nutrients, pH and conductivity analysis.
Otherwise, it can be frozen at minus 4 C (25 F) and
shipped later for analysis. Keep in mind that you
should minimize the time between collection and
analysis. A list of water quality laboratories may

be found in publication WQ1341, “Drinking Water
Quality: Testing and Interpreting Your Results.”

Generally, various forms of nitrogen (TKN,
ammonium, nitrite-NO,™ and nitrate NOy"), various
forms of phosphorus (total phosphorus, ortho-P)
and potassium are of most interest in runoff.
Additionally, total solids (TS) and total suspended
solids (TSS) also may be analyzed. In most cases,
laboratories will report results in percentages,
parts per million (ppm), milligrams per liter (mg/L)
or milligrams per kilogram (mg/kg).

1% = 10,000 ppm
1 ppm =1 mg/L

North Dakota Case Studies

Runoff samples from three existing feedlot pen surfaces
(hereafter Feedlot S, Feedlot R and Feedlot C in Sar-
gent County, Richland County and Cass County, respec-
tively) were collected immediately downstream from the
pen surfaces. Study locations are presented in Figure

1. Standard methods of analysis were used to analyze
runoff samples for determining nutrient and solid con-
centrations.

Feedlot R was constructed in 2009 and designed for
500 head of beef cattle with two pens, but only one pen
was operational. Runoff samples were collected from
the operational pen only. The pen is 250 feet by 200
feet, with a pen surface slope of about 5 percent.

Feedlot C was constructed in 2011. The pen is 375
feet by 164 feet, with a maximum capacity of 192 beef
cattle. It has six pens with clay soil and an overall slope
of about 5 percent. The average annual rainfall for this
location is about 19 inches based on 21 years of data.

Feedlot S was constructed in 2006 and has five pens.

It has a capacity of 999 head of beef cattle. Out of the
five pens, runoff samples were collected from one pen,
which always was occupied with cattle. The overall slope
of the pen surface is about 3 percent and it has fine,
sandy-loam soil. The average annual rainfall for this
location is about 19 inches based on 21 years of data.

Runoff samples were analyzed for ortho-P, total
phosphorus (TP), ammonium-N (NH4-N), nitrate-N
(NO3-N), total Kjeldahl nitrogen (TKN), total nitrogen
(TN) and potassium (K) using standard methods.
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Figure 1. Locations of the study area (not to scale).
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Results

A selection of the measured nutrients and solids
in runoff from different feedlot pen surfaces are

listed in Table 1. Knowledge of runoff quality from
beef cattle feedlots would be useful to producers

so they may adjust management practices to

protect downstream water from nutrient pollution.

Stakeholders or engineers also may find this
information useful to design best management

practices downstream from a feedlot pen to protect

water quality.
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Table 1. Summary of runoff quality averaged over

Total phosphorus (TP) concentrations in runoff
from different feedlots are presented in Table

1 and Figure 2. The average TP concentration
ranged from 0.69 to 214.21, 14.31 to 117.19 and
5.97 to 36.06 mg/L for Feedlot C, Feedlot S and
Feedlot R, respectively. According to Environmental
Protection Agency Ecoregions V (North Dakota)
recommendations, the maximum allowable TP
concentration for the rivers and streams is 0.067

mg/L.

entire sampling period for each feedlot.

Parameters Feedlot C
TS, mg/L 4,196a*+2,837
TSS, mg/L 1,504a+2,007
TP, mg/L 105.36a+78.76
Ortho-P, mg/L 19.14ab+14.05
NH,4, mg/L 25.52a+24.03
NOg, mg/L 0.52b+0.67
TKN, mg/L 91.76b+76.76
K, mg/L 465a+540
pH 7.47b+0.39
EC, uyS/cm 4,125a+2,091

Feedlot S
3,012b£990
221b+287
63.56b+£37.58
20.52a+7.54
13.54b+12.37
3.33a+6.56
54.22¢ +29.66
496a+143
7.77ax0.44
3,048b +808

Feediot R
3.731a+1,919
1,281a+1,690
25.41¢c+8.92
17.52b+7.50
18.95b+11.25

1.31b+2.77
113.89a+55.90

503a+234
7.69ax0.29
2,076c+771

Note: *Averages within a row followed by different letters are significantly different
at P < 0.05 according to Duncan multiple range tests.
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Figure 2. Total phosphorus (TP) concentrations in runoff
from different feedlot pen surfaces during different
sampling events. The error bar represents the standard

deviation.
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Figure 3. Total ortho-phosphorus (ortho-P)
concentrations in runoff from different feedlot pen
surfaces during different sampling events. Error bars
represent the standard deviation.
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Trends of ortho-P concentration
in runoff samples from different
feedlots are presented in
Figure 3. The average ortho-P
concentration ranged from 0.36
to 36.0, 10.24 to0 29.07 and
2.25 t0 27.34 mg/L at Feedlot
C, Feedlot S and Feedlot R,
respectively. When Feedlot C
was fully operational in 2012,
the ortho-P concentration

in feedlot runoff increased
significantly. This concentration
might have come from the
previous year’s nutrient
accumulation.

The ortho-P fraction of TP in
the runoff was less in Feedlot
C (18.6 percent) compared
with Feedlot S (32.2 percent)
and Feedlot R (68.9 percent).
The average ortho-P fraction
of TP was highest in Feedlot
R, meaning that Feedlot R had
the highest soluble phosphorus,
whereas Feedlot C had the
highest particulate-bound P,
followed by Feedlot S.

Particulate-bound P may be
reduced from runoff using
vegetative filter strips or by a
settling basin, but minimizing
the transport of soluble nutrients
is difficult. A combination of
treatments may be needed to
reduce ortho-P from runoff.
Allowable ortho-P in lakes and
reservoirs in North Dakota is
0.02 mg/L. Runoff from feedlot
pen surfaces potentially may
increase the phosphorus
concentration in downstream
water.
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Figures 4a, b and ¢ show the
average NH,4-N concentrations
during different sampling
dates at Feedlot C, Feedlot S
and Feedlot R, respectively.
Concentrations of NH,-N in
runoff at Feedlot C were lower
in 2011 than in 2012 (Figure
4a). The same trend also was
noticed for Feedlot S. NH,-N
concentrations at Feedlot

C, Feedlot S and Feedlot R
ranged from 0.78 to 64.6, 1.21
to 29.83 and 1.10 t0 47.93
mg/L, respectively.

Figure 4. Total ammonium-N
(NH4-N) concentrations in
runoff from different feedlot
pen surfaces during different
sampling events. The error
bar represents the standard
deviation.
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Figure 5. Total nitrate-N (NO5-N) concentrations in runoff

from different feedlot pen surfaces during different sampling

events. The error bar represents the standard deviation.
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Figures 5a, b and ¢ show the
NOs-N trends during different
sampling dates at Feedlot

C, Feedlot S and Feedlot R,
respectively. Comparatively,
overall lower NO5-N
concentration was observed
at Feedlot C and Feedlot R
versus Feedlot S. The NO5-N
concentrations in runoff
samples ranged from 0.04 to
6.16, 0 to 44.52 and 0 to 6.43
mg/L at Feedlot C, Feedlot S
and Feedlot R, respectively.

Except at Feedlot S, NO5-N
concentrations always were
below the EPA minimum
allowable effluent discharge
concentration level of 10 mg/L
but higher than the maximum
limit criteria for Class |
streams in North Dakota

(1.0 mg/L).

Similarly, these values

are also higher than the
allowable NO3-N in lakes and
reservoirs in North Dakota
(0.25 mg/L). If runoff water
reached downstream, it could
impact aquatic species and
recreational uses. Also, water
may be a source of toxic
levels of nitrate for livestock,
but safe levels of potentially
toxic nitrate concentration in
water for livestock is very high
(500 mg/L).
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Figure 6. Total Kjeldahl nitrogen (TKN)/total nitrogen (TN)

concentrations in runoff from different feedlot pen surfaces

during different sampling events. The error bar represents
the standard deviation. Total nitrogen was measured for
samples collected in 2012.

Average concentrations of total
Kjeldahl nitrogen (TKN) during
sampling events from Feedlot
C, Feedlot S and Feedlot R
are presented in Figure 6, and
pooled overall concentrations
are presented in Table 1.

Overall, TKN/TN ranged from
6.58 to 251, 10.95 to 80.79 and
7.95 to 209 mg/L for Feedlot
C, Feedlot S and Feedlot

R, respectively. According

to the EPA Ecoregions V
(North Dakota), the maximum
allowable TN concentration
for rivers and streams is

0.88 mg/L, and according

to the North Dakota Class |
stream criteria, the maximum
allowable TN concentration is
1.0 mg/L.

If runoff from these feedlots
(Feedlot C and Feedlot S)
reached downstream, TN
concentration might exceed
the EPA Ecoregions V
recommendation for the North
Dakota maximum limit criteria
of Class | streams. To reduce
TKN/TN in runoff water, a
vegetative filter strip or settling
basin might be the best option
because vegetative filters are
effective in reducing TS, and
TKN/TN is correlated with TS.
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Summary

Open cattle feedlots may contribute significant
amounts of nutrients in runoff. If runoff from feedlots
reaches downstream, it might exceed existing
nutrient criteria for Class | streams and the surface
water numeric standard in North Dakota. This may
lower water quality and cause pollution issues.

Producers, engineers, Extension agents and
policymakers may use this runoff quality information
to design and implement acceptable technologies or
management practice to control target nutrients from
open beef cattle feedlot runoff.
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