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Quantity and Quality of Runoff from a Beef Cattle Feedlot in Southern Alberta

Jim J. Miller,* Brian P. Handerek, Bruce W. Beasley, Edith C. S. Olson, L. Jay Yanke, Francis J. Larney,
Tim A. McAllister, Barry M. Olson, L. Brent Selinger, David S. Chanasyk, and Paul Hasselback

ABSTRACT berta, which has the highest concentration of feedlot
cattle in Canada. There were approximately 700 000Southern Alberta, which has a cold climate dominated by strong
head of beef cattle in the County of Lethbridge in 2003chinook winds, has the highest density of feedlot cattle in Canada.

However, the quantity and quality of runoff from beef cattle (Bos (T. Ormann, personal communication, 2003). Bedding
taurus) feedlots in this unique region has not been investigated. Our material is commonly used in feedlot pens, due to a
objectives were to compare runoff quantity (1998–2002) with catch- cold climate dominated by strong chinook winds.
basin design criteria; determine concentrations of selected inorganic Controlling runoff from feedlots requires a knowl-
chemical parameters (1998–2000) in runoff in relation to water quality edge of feedlot hydrology. Runoff from unpaved feed-
guidelines and the potential implications of irrigating adjacent crop- lots, which is the most common type in the Canadian
land; and determine if total heterotrophs, total coliforms, and Esche-

prairies, depends on the amount of rainfall and snow-richia coli (1998–2000) persisted in the catch-basin water and soil.
melt, the area of the feedlot, and the proportion ofRunoff (�0.1 to 42.5 mm) for a 24-h duration that included maximum
precipitation that is stored on the feedlot (Intensivepeak discharge was less than the recommended design criteria of
Livestock Operations Committee, 1995). In Alberta, the90 mm based on runoff from 24 h of rainfall with a 30-yr return period.

We found that curve numbers between 52 and 96 (mode of 90) were Agricultural Operations Practices Act (Province of Al-
required to match the USDA Natural Resources Conservation Service berta, 2001) specifies that a catch basin (also known as
predicted runoff and actual runoff volumes. Total P posed the greatest a retention pond or runoff holding pond) be designed
threat to water quality guidelines, and K posed the greatest threat to hold the runoff from a 24-h rainstorm with a return
for exceeding crop fertilizer requirements if catch-basin effluent was period of 30 yr. Snowmelt runoff may be an important
used as irrigation water. Water in the catch basin had continually component of the total annual runoff in areas north
high populations of E. coli throughout the study, with values ranging

of 42� latitude (Gilbertson et al., 1981). However, fewbetween log10 2 and log10 8 100 mL�1. In contrast, soil in the catch
studies have been conducted on feedlot runoff in north-basin generally had low populations of E. coli that were �log10 2 g�1

ern climates. While most researchers have reported run-wet wt., but at times higher populations between log10 2 and log10 6 g�1

off contributions from snowmelt and rainfall (Swanson,wet wt. were also found.
1972; Coote and Hore, 1977; Laksham, 1982), others
have found only runoff from rainfall (Kennedy et al.,
1999). A positive linear relationship has generally beenRunoff from beef cattle feedlots contains numerous
reported between rainfall and runoff from feedlots (Gil-pollutants that must be controlled and prevented
bertson et al., 1981; Coote and Hore, 1977). The propor-from entering surface waters and ground waters. Re-
tion of rainfall as runoff (yield) for unpaved feedlotssearch on the quantity and quality of feedlot runoff
ranges from 36 to 86% for the USA (Coote and Hore,has been conducted in Texas (Clark et al., 1975a), Ne-
1977; Gilbertson et al., 1981), 22 to 50% for Australiabraska (Swanson, 1972; Gilbertson et al., 1972, 1979),
(Lott, 1995), 19 to 25% for eastern Canada (Coote andKansas (Miner et al., 1966), southern Ontario (Coote
Hore, 1977), and 16 to 40% for central Alberta (Ken-and Hore, 1977), Saskatchewan (Laksham, 1982), and
nedy et al., 1999).Alberta (Goatcher et al., 1991). A review of the litera-

Runoff from feedlots has been predicted using theture on feedlot runoff was conducted by Gilbertson et
USDA Natural Resources Conservation Service (NRCS)al. (1981) and later by Sweeten (1998). More recent
runoff equation (Soil Conservation Service, 1972):research on feedlot runoff has been conducted in Aus-

tralia (Lott, 1996) and central Alberta (Kennedy et al., Q � [(P � 0.2S)2]/(P � 0.8S) [1]
1999). We are unaware of studies conducted on the

where Q is rainfall excess or runoff (mm), P is precipita-quantity and quality of feedlot runoff in southern Al-
tion (mm), and S is maximum soil retention parameter
or storage factor (mm). Storage is dependent on the

J.J. Miller, B.P. Handerek, B.W. Beasley, L.J. Yanke, F.J. Larney,
slope of the pens, pen manure management, the depthand T.A. McAllister, Agriculture and Agri-Food Canada, P.O. Box
and antecedent water content of the manure pack, de-3000, Lethbridge, AB, Canada T1J 4B1. B.M. Olson, Alberta Agricul-

ture, Food and Rural Development, Lethbridge, AB, Canada T1J pression storage in cattle hoof prints, and the amount
4V6. L.B. Selinger, Department of Biological Sciences, 4401 Univer- and type of bedding used (Intensive Livestock Opera-
sity Drive, University of Lethbridge, Lethbridge, AB, Canada T1K tions Committee, 1995; Kennedy et al., 1999). The S3M4. E.C.S. Olson and D.S. Chanasyk, Department of Renewable

value is inversely related to a curve number (CN) thatResources, General Services Building, University of Alberta, Edmon-
ton, AB, Canada T6G 2H1. P. Hasselback, Chinook Regional Health can vary from 0 to 100. The parameter S (mm) is calcu-
Authority, 960-19th Street South, Lethbridge, AB, Canada T1J 1W5. lated by:
LRC Contribution no. 03093. Received 5 June 2003. *Corresponding
author (millerjj@agr.gc.ca). S � (25400/CN) �254 [2]

Published in J. Environ. Qual. 33:1088–1097 (2004).
 ASA, CSSA, SSSA Abbreviations: CN, curve number; EC, electrical conductivity; TAH,

total aerobic heterotrophs; TC, total coliforms.677 S. Segoe Rd., Madison, WI 53711 USA
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where CN is runoff curve number. In the USA, a CN
value of 90 has been recommended for the design crite-
ria for feedlot catch basins (Gilbertson et al., 1981;
Sweeten, 1998), even though lower CN values (82) have
been reported (Hauser, 1975). In Alberta, Kennedy et
al. (1999) reported CN values ranging from 55 to 83.

Runoff contains chemical contaminants that can im-
pair water quality (Miner et al., 1966; Clark et al., 1975b;
Coote and Hore, 1977; Kennedy et al., 1999). The wide
range in transported chemicals in runoff may be due to
the type of ration fed, the type of feedlot surface, cli-
mate, antecedent water content of feedlot floor, as well
as storm intensity and duration (Gilbertson et al., 1981).
If runoff from feedlots is not properly managed to pre-
vent off-site transport, chemical constituents in runoff
have the potential to harm surrounding surface waters
in terms of aquatic life, as well as recreational and drink-
ing water use by humans. In addition, because adjacent
cropland is often irrigated with catch-basin effluent, the
chemical quality of the effluent may affect the soil
and crop. Fig. 1. Layout of the beef cattle feedlot in southern Alberta that was

Persistence of bacteria in feedlot runoff or catch ba- used in this study.
sins has been examined in the USA (McCoy, 1967; Hru-

each for a cattle density of 18 m2 per head. In addition, therebrant et al., 1972; Rhodes and Hrubrant, 1972; Crane
are four larger (28 � 40 m) pens (Pens A–D; Fig. 1) that holdet al., 1983), but few studies have been conducted north
approximately 40 cattle each for a cattle density of 28 m2 perof 49� latitude in feedlots where bedding is commonly
head. The recommended cattle density for finishing feederused (Kennedy et al., 1999). McCoy (1967) found that
cattle and backgrounding calves in southern Alberta feedlotsthe bacterial indicator species for fecal contamination
is 18 to 23 and 16 to 18 m2 head�1, respectively (Alberta(coliform, enterococci) died off rapidly in the catch ba- Agriculture, Food and Rural Development, 1997). Kennedy

sin. Rhodes and Hrubrant (1972) reported that runoff et al. (1999) reported an average density of 17 m2 per head
contained a suite of bacteria similar to feedlot manure, for a commercial feedlot near Vegreville, AB. Cattle were
but the populations were more variable due to changes not present in Pens 33 to 41 and Pens A to D (Fig. 1) in

1998–1999. Cattle were stocked in the pens from 24 Nov. 1997in volume of liquid in the runoff. Kennedy et al. (1999)
to 2 July 1998; 7 Dec. 1998 to 17 June 1999; 14 Oct. 1999 tofound maximum populations of fecal coliforms in catch-
11 Aug. 2000; and 31 Oct. 2001 to 15 July 2002. The diet forbasin effluent during August compared with July and
the beef cattle generally consisted of 70% barley (HordeumSeptember. Catch basins in southern Alberta may not
vulgare L.) silage and 30% barley grain for a 70- to 80-dcontain effluent during years of low precipitation or
backgrounding period, followed by 85 to 90% barley grainhigh evaporation, so bacteria may also persist in catch- and 10 to 15% barley silage for the remainder of the feeding

basin soil, which might be an environmental concern. period. All pens were bedded with barley straw with the fol-
The objectives of this study were to compare feedlot lowing exceptions. Wood-chip bedding was used in Pens 1 to

runoff quantity with catch-basin design criteria; deter- 3 in 1998–1999, Pens 9 to 12 in 1999–2000, and in Pens 29 to
32 in 2000–2002. The wood chips were a mixture of sawdustmine concentrations of selected inorganic chemical pa-
and bark peelings derived from 80% lodgepole pine (Pinusrameters in runoff in relation to water quality guidelines;
contorta var. latifolia Engelm.) and 20% white spruce [Piceaascertain the potential implications of irrigating adja-
glauca (Moench) Voss]. Bedding material was used as requiredcent cropland with catch-basin effluent; and determine
during the winter. All pens were cleaned out by the end ofif total heterotrophs, total coliforms, and Escherichia
August in each year, except for 2002 (wet year), when all penscoli bacteria persisted in the catch-basin water and soil. were cleaned out by the end of September.

Runoff Collection and AnalysisMATERIALS AND METHODS
The feedlot catch basin (approximately 135 � 24 � 1.37 m)Feedlot Design and Management

had a design capacity of approximately 4439 m3 (4.4 � 106 L).
The Lethbridge Research Centre Feedlot was used for this Runoff from the 16 pens on the west side of the feedlot (Pens

study (Fig. 1). The research feedlot was constructed in 1996 1–16; Fig. 1) was diverted through the west-side drainage alley
according to existing provincial guidelines in 1995 (Intensive into the catch basin; and runoff from the 16 pens on the east
Livestock Operations Committee, 1995). The topsoil was side of the feedlot (Pens 17–25; Fig. 1) was diverted through
stripped from the area and clay material excavated from the the east-side drainage alley into the catch basin. Runoff from
catch basin and used to construct the surface topography of Pens 33 through 48 and Pens A through D also entered the
the feedlot. Pens have about 2% slope from feed bunk to catch basin, but was not measured. A V-notch weir was in-
drainage alley, and the drainage alleys have 1% slope. The stalled on the west- and east-side drainage alleys to measure
feedlot consists of 48 smaller (14 � 20 m) pens (Pens 1–48; the quantity of surface runoff. Each weir drained an area of

approximately 0.50 ha. The wiers were instrumented with aFig. 1) that hold approximately 15 beef cattle (Bos taurus)
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float assembly, potentiometer, and datalogger (Foroud and sludge on the catch-basin floor was first removed. Water and
soil samples were analyzed for total aerobic heterotrophsHlibka, 1989) to measure water-level height in a digital form

every 5 to 10 min. The west-side weir was also instrumented (TAH) at 27�, total coliforms (TC), and E. coli. All samples
were transported to the laboratory within 1 to 2 h and platedwith an ISCO (Lincoln, NE) automatic water sampler to col-

lect runoff samples for analyses of various chemical parame- within 4 h of collection. Water (10 mL) or soil (10 g) was
added to 90 mL of sodium phosphate buffer (pH 6.5, 0.05 M).ters. Samples were collected hourly when flow was continuous

and �1.7 L min�1. Runoff quantity and quality were measured The samples were then blended for 2 min at a medium setting
in a Stomacher blender (Model 400; Seward Medical, Missis-from early spring to late fall from 1998 to 2002. Hourly precipi-

tation was determined from the weather station located about sauga, ON, Canada) and were then serially diluted to the
appropriate levels in sodium phosphate buffer. One milliliter700 m from the feedlot at the Lethbridge Research Centre.

The five-day antecedent rainfall index was calculated using of the dilutions was then inoculated into 9 mL of Fluorocult
LMX (Merck, Whitehouse Station, NJ) broth tubes for enu-the equation (Linsley et al., 1975):
meration of coliform and Escherichia coli by the three-tube

FDARI � (Rn�1 � 0.9) � (Rn�2 � 0.92) � most probable number (MPN) method (Garthwright, 1998).
One hundred microliters of the appropriate serial dilution was(Rn�3 � 0.93) � (Rn�4 � 0.94) �
inoculated onto tryptic soy agar (TSA) plates, in triplicate,

(Rn�5 � 0.95) [3] for enumeration of the total aerobic heterotrophs at 27�C
after 48 h. The Fluorocult LMX broth tubes were incubatedwhere FDARI is the five-day antecedent rainfall index (mm);
aerobically at 37�C for 48 h, and E. coli able to hydrolyzeRn�1 is 24-h rainfall (mm) one day before runoff; Rn�2 is the
5-bromo-4-chloro-3-indolyl-�-D-galactopyranoside (X-GAL)24-h rainfall two days before runoff, etc.; and 0.9 is a dimen-
and 4-methylumbelliferyl-�-D-glucuronide (MUG) were enu-sionless recession factor. Runoff water samples collected from
merated after 24 and 48 h. Total coliforms able to hydrolyze1998 to 2000 (but not 2002) from the automatic water sampler
X-GAL were enumerated after 48 h. For the water samples,on the weir were analyzed for electrical conductivity (EC),
the results are presented as log colony forming units (log CFU)pH, temperature, ammonia N, nitrate N, ortho-P, total N, total
per 100 mL or log most probable number (log MPN) per 100P, total C, inorganic C, and soluble salts (Ca, Mg, Na, K, Cl,
mL. Results for the soil samples are presented as log colonySO4). The EC, pH, and temperature were measured using a
forming units (log CFU) per g wet wt. of soil or log mostportable water quality meter and associated probes (MultiLine
probable number (log MPN) per g wet wt. of soil. Our mini-P4; Wissenschaftlich-Technische, Werkstätten, Germany). To-
mum detection level for these samples (E. coli, coliform) wastal dissolved solids (TDS) were estimated by multiplying EC
log10 1.56 MPN g�1. Positive tubes were also used as a sourceby 640 (Bohn et al., 1979). Ammonia N was determined using
of single isolates to confirm presumptive enumerations bythe automated phenate method (Technicon Industrial Sys-
streaking for single colonies onto LMX agar plates. Selectedtems, 1973a) in 1998 and the automated salicylate method
colonies of presumptive TC and E. coli were isolated for con-(Rhine et al., 1998) thereafter. Nitrate N was determined using
firmation of identity through membrane fatty acid composi-the automated cadmium reduction method (Technicon Indus-
tion (Paisley, 1996), cellular morphology, and biochemicaltrial Systems, 1978) in 1998 and the automated hydrazine re-
characteristics (Smibert and Kreig, 1994; Garthwright, 1998).duction method (Kempers and Luft, 1988) thereafter. Changes
The rationale for using generic E. coli, TC, and TAH in thiswere made in the methods mainly because of safety concerns
study has been previously discussed by Miller et al. (2003).with the existing chemicals (i.e., phenol and cadmium). Quality

control checks revealed good agreement between the former
and latter methods. Ortho-P was determined using the auto-

RESULTS AND DISCUSSIONmated ascorbic acid method (Technicon Industrial Systems,
1973b). Total N was determined using the persulfate digestion Surface Runoff
method (Method 4500-Norg D; American Public Health Associ-

There were six runoff events in 1998, three in 1999,ation, 1995), followed by analysis of nitrate using the methods
one in 2000, none in 2001, and one in 2002 (Table 1).outlined above. Total P was determined using the persulfate

digestion method (Method 4500-P B; American Public Health Rainfall duration ranged from 5 to 59 h, and rainfall
Association, 1995). Soluble Ca and Mg were analyzed using amount ranged from 12.2 to 136.9 mm (Table 1). Aver-
atomic absorption spectroscopy, and Na and K were deter- age hourly rainfall intensity ranged from 1.0 to 2.6 mm
mined using flame emission spectroscopy. The sodium adsorp- h�1, maximum intensity ranged from 3.6 to 15.2 mm h�1,
tion ratio (SAR) was calculated using the equation of Bohn and maximum 5-min intensity ranged from 0.6 to 5.8 mm
et al. (1979). Chloride was determined using the automated h�1 (Table 1). The five-day antecedent rainfall indexmercuric thiocyanate method (Technicon Industrial Systems,

ranged from 2.2 mm for Event 2 to 43.0 mm for Event1974), and SO4 using the automated barium chloride method
4 (Table 1), indicating wetter pre-runoff conditions for(Technicon Industrial Systems, 1972).
the latter event. The durations and average intensities
for the 11 events were plotted on the rainfall duration–Bacterial Enumeration of Catch-Basin
intensity–frequency graph for Lethbridge with returnEffluent and Soil
period storms ranging from 2 to 50 yr (data not shown).

Water and soil samples were taken weekly from three loca- Rainfall Events 1, 3, 4, 5, and 6 had return periods of
tions (east, center, and west locations) within the feedlot catch �2 yr, and Events 2, 4, 7, 8, and 9 had return periods
basin for microbiological analyses between 20 May 1998 and close to 2 yr. Event 10 had a return period between 225 Sept. 2000. Water samples were taken when effluent was

and 10 yr, and Event 11 had a return period of �50 yr.present in the catch basin, and soil samples were taken from
Rainfall for Event 11 indicated the potential to exceedthe catch-basin floor when the catch basin was dry. The upper
the catch-basin design volume based on the criteria of30 cm of the water column was sampled using a small bucket
one-day rainfall with a 30-yr return period. Monthlyattached to a long handle. The 0- to 5-cm depth of soil from

the catch-basin floor was sampled using a shovel after the rainfall exceeded the monthly long-term normal by 102
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Table 1. Summary of rainfall characteristics that caused runoff events (1998–2002) at a beef cattle feedlot in southern Alberta.

Rainfall event

Event 1, Event 2, Event 3, Event 4, Event 5, Event 6, Event 7, Event 8, Event 9, Event 10, Event 11,
16 June 26–27 June 28 June 29–30 June 3 July 7–8 July 15 May 3 June 18 July 2–3 Sept. 8 June

Parameter 1998 1998 1998 1998 1998 1998 1999 1999 1999 2000 2002

Rain start 15 June 26 June 28 June 29 June 3 July 7 July 13 May 2 June 15 July 20 Aug. 8 June
Rain end 16 June 27 June 28 June 30 June 4 July 8 July 15 May 3 June 18 July 3 Sept. 10 June
Duration, h 29 27 9 13 7 5 33 26 19 16 59
Total rain, mm 28.0 34.6 38.6 30.4 17.2 12.2 40.2 35.0 35.2 41.2 136.9
Average intensity,

mm h�1† 1.0 1.3 1.1 2.3 2.5 2.4 1.2 1.3 1.9 2.6 2.3
Maximum intensity,

mm h�1‡ 3.6 4.4 4.4 6.8 6.6 3.8 7.4 5.6 15.2 10.1 5.4
Maximum 5-min

intensity, mm 1.4 0.6 0.6 2.2 2.2 3.2 1.8 0.8 5.8 1.6 0.8
Five-day antecedent

rainfall index, mm§ 32.0 2.2 36.2 43.0 30.4 15.2 37.0 27.1 10.7 17.2 8.2

† Average rainfall intensity for 1 h.
‡ Maximum rainfall intensity for 1 h.
§ Calculated using Eq. [3].

to 382% for the months when the 11 runoff events to match predicted and actual runoff. Our wide range
in CN values suggests that considerable error may resultoccurred (Table 2).

All runoff events except one occurred before the ma- if one CN value is used to predict individual runoff
events from feedlots. Therefore, when using the USDA-nure from the feedlot pens was removed. The exception

was Event 10 on 2–3 Sept. 2000, where runoff occurred NRCS equation to predict runoff, we believe that it is
best to assume the most frequent or worst-case scenarioapproximately one month after the pens were cleaned.

Hydrographs and rainfall amounts are shown for a 2-yr and use the mode (90) or maximum (96) CN values. In
comparison, Kennedy et al. (1999) reported CN values(Event 2) and �50-yr (Event 11) return period event

(Fig. 2). Rainfall rather than snowmelt initiated all 11 between 55 and 83 for a commercial unpaved feedlot
in central Alberta where bedding was used. Our CNrunoff events. Similarly, Kennedy et al. (1999) reported

that 26 runoff events over 4 yr at a feedlot in central mode value of 90 was similar to the value (90) recom-
mended for design criteria of catch basins in the USAAlberta were all caused by rainfall. Runoff events

ranged between 14 and 55 h in duration and depth of (Sweeten, 1998), but was higher than the value of 82
recommended by Hauser (1975). The CN values of �80runoff ranged from �0.1 to 53.6 mm (Table 3). The

runoff yield ranged from 0.1 to 56% (Table 3). In com- observed for some of the runoff events in our Alberta
feedlot may be related to straw and wood-chip beddingparison, Kennedy et al. (1999) reported that 16 to 40%

of rainfall ran off a feedlot in central Alberta. Although contributing to greater storage and less runoff. Storage
values ranged from 0.4 to 9.2, indicating a wide rangethere were significant correlations among some of the

rainfall (Table 1) and runoff (Table 3) parameters (data in storage of rainfall on the feedlot. This was consistent
with extreme seasonal variations in amount of manurenot shown), we observed no linear or nonlinear relation-

ships among the parameters, which was probably due and bedding within the feedlot pens because of cleaning
of the pens in the summer.to the small sample size (n � 11). Total rainfall depth

had the strongest correlation with the various runoff A plot of runoff versus rainfall (Fig. 3) revealed no
linear relationship as previously reported by othersparameters, followed by rainfall duration. Surprisingly,

the five-day antecedent rainfall index was uncorrelated (Clark et al., 1975a; Coote and Hore, 1977). Runoff
Events 2, 4, 5, and 6 exhibited a linear trend with rainfall,with none of the runoff parameters, and we are unsure

as to why this occurred. and were associated with higher CN values (84–96) and
lower S values (0.4–1.9). In contrast, Events 1, 3, 7, 8,We used the USDA-NRCS runoff and storage equa-

tions (Eq. [1] and [2]) and adjusted the curve number 9, and 10 exhibited no trend, and were associated with
lower CN values (52–96) and greater S values (0.4–9.2).(CN) value until predicted runoff was equal to actual

runoff from the feedlot (Table 3). We found that CN Mean values of rainfall duration, total rainfall, and maxi-
mum hourly rainfall intensity were 43 to 69% highervalues between 52 and 96 (mode � 90) were required

Table 2. Rainfall (1998–2002) at Lethbridge Research Centre in relation to long-term mean rainfall.

Month 1998 1999 2000 2001 2002 Long-term mean

mm
May 53.4 (103)† 58.3 (112) 11.2 (22) 10.0 (19) 56.4 (109) 51.9
June 148.4 (233) 65.1 (102) 44.6 (70) 42.9 (67) 243.7 (382) 63.8
July 57.4 (134) 64.2 (150) 5.5 (13) 10.2 (24) 38.0 (89) 42.8
August 36.2 (76) 39.3 (82) 27.3 (57) 0 (0) 79.1 (165) 47.9
September 13.7 (39) 10.8 (31) 41.9 (120) 7.1 (20) 66.9 (191) 35.0
Total 309.1 (128) 237.7 (98) 130.5 (54) 70.2 (29) 484.1 (201) 241.4

† Numbers in parentheses are percentage values of long-term mean (monthly or total rainfall/monthly or total long-term mean � 100). Long-term mean
is based on years 1971–2000.
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where A is the feedlot drainage area (m2), R is the one-
day rainfall depth (m) with a 30-yr return period, and
C is a runoff coefficient. The feedlot area contributing
runoff through each of the west and east alleys is 4987
m2, and includes concrete aprons connecting feedlot and
catch basin. One-day rainfall for a 30-yr return period
at Lethbridge is 0.090 m (Province of Alberta, 2001).
The runoff coefficient or proportion of rainfall as runoff
was taken as the average (0.53) of the range (0.40–0.65)
given for unpaved feedlots (Province of Alberta, 2001).
The ODRRV was calculated to be 238 m3. The 24-h
runoff volumes that included maximum peak discharge
and that had runoff durations of 	24 h were determined
for Events 2 to 4, 6, 8, 10, and 11 for the west alley, and
for Events 1, 2, 4, 6, and 8 to 11 for the east alley (data
not shown). All seven runoff events for the west alley
and all eight events for the east alley had volumes (0.1–
212 m3) or depths (�0.1 to 42.5 mm) that were less than
the recommended design criteria of 238 m3 or 90 mm.
This indicated that the existing design criteria based on
24-h rainfall with a 30-yr return period was adequate
for the 3 yr of our study.

Chemical Quality of Feedlot Runoff
The chemical content of the runoff entering the catch

basin is shown in Table 4. Because concentrated catch-
basin effluent entering lakes or streams via surface run-
off is generally diluted before it can potentially affect
aquatic life or be used by humans for drinking water, we
examined the effect of dilution on the maximum concen-
tration of selected chemicals in relation to the water
quality guidelines (Canadian Council of Ministers of theFig. 2. Runoff hydrographs for 2-yr (Event 2) and �50-yr (Event 11)

return period events in relation to daily rainfall for a beef cattle Environment, 2002). These dilution scenarios indicated
feedlot in southern Alberta. The hydrographs for west and east that to meet the water quality guidelines for aquatic life
alleys for Event 11 on 8 June 2002 are incomplete because water or drinking water by humans, greatest dilution of thein the catch basin rose to the level of the weir, and runoff could

effluent would have to occur for total P (1224 times),not be measured thereafter. Note that the scales for the y axis are
different for Events 2 and 11. followed by total N (173 times), NH3–N (120 times), Cl,

Na, and total dissolved solids (�10 times) (Table 4). In
contrast, maximum concentrations of NO3–N and SO4for the six non-trend events than the four linear events
indicated that the effluent would not have to be diluted(data not shown). The differences in total runoff be-
to meet the water quality guidelines for these two pa-tween the west and east alleys were less than 100% for
rameters (Table 4).10 of the 11 events (Table 3), indicating that the west and

Most feedlots on irrigated land in southern Albertaeast pens were relatively good replicates. The exception
empty their catch basins at least once a year by mixingwas Event 9, where the total runoff was 1267% higher
and diluting the effluent into a sprinkler irrigation sys-for the east than west alley. We speculate that some
tem (O. Kenzie, personal communication, 2003). Wetemporal management factor must have caused the large
estimated the dilution required for mixing our catch-differences in total runoff from the west and east pens
basin effluent with clean irrigation water containing nofor Event 9 on 18 July 1999, because runoff from these
nutrients into a center-pivot system to irrigate 54 ha.pens was similar for the previous Event 8 on 3 June 1999.
An irrigation application depth of 167 mm yr�1 wasWe determined the recommended catch-basin storage
chosen, which corresponds to the mean depth of watervolume for Lethbridge using the most recent Agricul-
applied to an irrigated silage barley crop over 20 yr attural Operations Practices Act (Province of Alberta,
Lethbridge (Chang and Janzen, 1996). The dilution ratio2001), and then compared this with the runoff volumes
for mixing the effluent with the irrigation water wasfrom the west and east drainage alleys to determine if
adjusted until the amounts of N, P, K, and S (kg ha�1

the actual runoff volumes were less than the recom-
yr�1) applied in the irrigation water matched the maxi-mended catch-basin design volume. One-day rainfall
mum fertilizer recommendations of 150 (N), 22 (P), 100runoff volume (ODRRV) in m3 was calculated from the
(K), and 20 (S) kg ha�1 yr�1 (Alberta Agriculture, Foodfollowing equation (Province of Alberta, 2001):
and Rural Development, 1993). Nitrogen in the catch ba-
sin potentially available to the crop was considered toODRRV � A � R � C [4]
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Table 3. Hydrological characteristics of eleven runoff events (1998–2002) at a beef cattle feedlot in southern Alberta.

Runoff event

Event 1, Event 2, Event 3, Event 4, Event 5, Event 6, Event 7, Event 8, Event 9, Event 10, Event 11,
16 June 26–27 June 28 June 29–30 June 3 July 7–8 July 15 May 3 June 18 July 2–3 Sept. 8 June

Parameter 1998 1998 1998 1998 1998 1998 1999 1999 1999 2000 2002

West alley runoff
Runoff start 16 June 26 June 28 June 29 June 3 July 7 July 15 May 3 June 18 July 2 Sept. 8 June
Runoff end 16 June 27 June 28 June 30 June 4 July 8 July 15 May 4 June 18 July 3 Sept. 10 June
Duration, h:min 14:8 39:52 23:59 39:55 20:50 28:31 20:10 31:55 23:15 38:20 55:10
Total runoff, mm 2.6 15 0.6 11.9 9.5 1.2 0.1 3.3 0.6 3.9 53.6†
Yield, %‡ 9.3 43.4 1.6 39.1 55.2 9.8 0.2 9.4 1.7 9.5 39.2
Maximum discharge, L m�1 62 261 11 322 329 38 2 99 126 231 908
CN value§ 79 90 85 90 96 90 59 76 52 72 NA¶
Storage factor, S# 2.7 1.1 1.8 1.1 0.4 1.1 7.0 3.2 9.2 3.9 NA

East alley runoff
Runoff start 16 June 26 June 28 June 29 June 3 July 7 July 15 May 3 June 18 July 2 Sept. 8 June
Runoff end 16 June 27 June 28 June 30 June 4 July 8 July 15 May 4 June 18 July 3 Sept. 10 June
Duration, h:min 23:53 33:2 14:0 40:40 19:5 28:31 15:15 31:30 23:50 32:50 55:10
Total runoff, mm 1.5 12.8 0.2 13.4 5.8 0.1 �0.1 2.8 8.2 0.9 44.9†
Yield, %‡ 5.4 37.0 0.5 44.1 33.7 0.8 0.1 8.0 23.3 2.2 32.8
Maximum discharge, L m�1 73 219 5 309 209 16 �1 69 592 184 868
CN value§ 76 89 96 91 93 84 57 74 83 63 NA¶
Storage factor, S# 3.2 1.2 0.4 1.0 0.8 1.9 7.5 3.5 2.1 5.9 NA

† Total runoff for west and east alleys is actually partial runoff measured until catch basin overflowed.
‡ Yield � total runoff/total rainfall (all runoff events, except Event 10, occurred before the pens were cleaned of manure).
§ USDA-NRCS curve number (CN) required to match predicted and actual runoff (see Eq. [2]).
¶ Not applicable because only partial runoff was measured.
# USDA-NRCS storage factor calculated from Eq. [2].

be the sum of NH3–N and NO3–N. Similarly, ortho-P contributes to high biological oxygen demand values,
which depletes dissolved oxygen. Nitrate and Ca hadwas considered to be the available form to the crop.

The calculations revealed that greatest dilution of the CV values of �100%, indicating that these two parame-
ters had the greatest variability in concentration foreffluent would be required for K (nine times) followed

by S (six times), and the effluent would not have to be all the runoff events. Ortho-P and Mg had CV values
between 50 and 100%, and the remaining parametersdiluted for P and N.

We also estimated the land base required to apply the had CV values of �50%. Nitrate N concentrations in
our feedlot runoff during 1999 and 2000 were higherconcentrated effluent to meet the maximum fertilizer

recommendations for the nutrients as described above. (�10 mg L�1) than values reported for other studies
(Miner et al., 1966; Coote and Hore, 1977), but we areOur calculations showed that irrigating with concen-

trated effluent would require the most land for K (1.2 unsure as to why this trend occurred.
ha) followed by S (0.9 ha), and then N and P (0.1 ha).
These two scenarios clearly show that K has the highest Bacterial Quality of Effluent and
potential to exceed the maximum crop fertilizer require- Soil in the Catch Basin
ments if adjacent land is irrigated with catch basin ef-

Thirty presumptive E. coli isolates and 50 presump-fluent.
tive coliform isolates were obtained from the catch-The EC values of feedlot runoff entering the catch

basin ranged from 2.1 to 7.0 dS m�1, and the sodium
adsorption ratio (SAR) values of runoff ranged from
0.3 to 9.0 (Table 4). Using the mean EC (4.2 dS m�1)
and SAR (4.3) values, and the criteria of Ayers and
Westcott (1987), we found that the runoff should not
cause any infiltration or percolation problems if the
effluent is directly applied as irrigation water to adjacent
cropland. In contrast, Miller et al. (2001) found higher
EC and Na in clay loam and fine sandy loam soils after
application of feedyard effluent in Texas. Although the
EC and SAR data of the irrigation water indicated no
problem in terms of infiltration, long-term irrigation
with this effluent could result in EC values in the root
zone that could inhibit crop growth (Maas, 1990). Based
on mean values, K was the dominant soluble cation in
runoff, followed by Na, Ca, and Mg (Table 4). Chloride
was the dominant soluble anion, followed by SO4. As
expected, organic C rather than inorganic C constitutes Fig. 3. Relationship of runoff and rainfall for 10 runoff events from
the majority of total C (Table 4). High organic C in a beef cattle feedlot in southern Alberta. Event 11 is not included

because only partial runoff was measured.surface waters is undesirable because organic matter
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Table 4. Chemical content of runoff (1998–2000) from a beef cattle feedlot in southern Alberta.

Percentile concentration†

Chemical constituent‡

Parameter TP OP TN NH3–N NO3–N TC OC IC Na Ca Mg K Cl SO4 TDS pH EC SAR

mg L�1 dS m�1

Minimum 2.1 0.9 19.2 0.7 �0.04 32.6 20.8 11.8 8.0 32.5 8.3 13.3 8.5 23.4 1331 7.6 2.1 0.3
25% 25.1 3.9 59.5 26.7 0.1 460 403 49 206 58.6 57.0 431 473 158 2192 7.9 3.4 3.4
Median 33.3 4.6 82.2 34.6 0.1 588 505 70 252 84.0 79.1 495 559 188 2589 8.0 4.0 4.2
75% 49.5 5.7 102 40.2 6.7 728 648 112 284 146 124 574 742 279 3021 8.1 4.7 4.9
Maximum 61.2 22.7 173 85.9 23.5 1142 983 169 443 1760 345 1255 1448 499 4467 8.4 7.0 9.0
Mean 35.3 5.8 85.7 33.0 3.4 604 524 80 246 148 96.1 515 604 217 2671 8.0 4.2 4.3
CV, % 43 68 38 43 180 37 36 49 29 143 57 36 36 43 26 – 26 32
N 50 140 49 140 140 51 51 51 140 140 140 140 140 140 96 101 96 140
WQG§ 0.05 – 1.0 0.572 10 – – – 200 – – – 250 500 500 – – –
DF¶ 1224 – 173 150 2 – – – 2 – – – 6 1 9 – – –

† Percentile concentrations: minimum (0%), 25%, median (50%), 75%, and maximum (100%) percentiles.
‡ EC, electrical conductivity; OP, ortho-phosphorus; IC, inorganic carbon; OC, organic carbon; SAR, sodium adsorption ratio; TC, total carbon; TDS,

total dissolved solids; TN, total nitrogen; TP, total phosphorus.
§ Water quality guidelines. Total P and Total N are provincial guidelines for protection of aquatic life (Alberta Environment 1999). Ammonia N is a

federal guideline for protection of aquatic life (Canadian Council of Ministers of the Environment, 2002). Nitrate N is a federal guideline (Canadian
Council of Ministers of the Environment, 2002) for protection of water for community water supplies (drinking water for humans). Sodium, Cl, SO4,
and TDS are aesthetic guidelines (Canadian Council of Ministers of the Environment, 2002) for protection of water for community water supplies
(drinking water by humans).

¶ Dilution factor for maximum value of chemical parameter to meet water quality guideline.

basin water samples. All 30 presumptive E. coli isolates from the LMX broth tubes of these potential false posi-
tive samples. The samples could have been positive forwere confirmed as E. coli by all testing methods. All 50

coliform isolates were confirmed as lactose fermenting E. coli but we were simply unable to isolate E. coli from
the LMX tubes due to high levels of other competingEnterobactericeae but not E. coli. Thus there were no

false negative or false positive isolates. Twenty-six pre- bacteria.
Water was consistently in the catch basin during thesumptive E. coli positive samples and 37 presumptive

coliform isolates were obtained from the soil of the catch- summers of 1998 and 1999, but whenever it was present,
high levels of E. coli and TC populations were detectedbasin floor. All presumptive coliform isolates were con-

firmed as lactose fermenting Enterobactericeae but not (Fig. 4). Populations of the two groups of bacteria gener-
ally ranged between log10 2 and log10 8 100 mL�1. ThisE. coli. However, only 20 isolates could be confirmed

from the 26 samples presumptively positive for E. coli, was consistent with high populations of E. coli and TC
in the feedlot pen manure at this same feedlot duringgiving a potential false positive rate of 23% for these

samples. No presumptive E. coli strains were isolated these same years (Larney et al., 2003; Miller et al., 2003).

Fig. 4. Persistence of E. coli, total coliforms, and total heterotrophs at 27�C in effluent of a feedlot catch basin over a 2-yr (1998–1999) period.
Gray arrows indicate times when the catch basin was dry, and black arrows indicate times when the catch basin was replenished with
feedlot runoff.
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This was true even up to complete evaporation of water that in 1999, E. coli persisted on the crop and soil for
up to 15 d post-application, whereas TC persisted forfrom the catch basin. The E. coli, TC, and TAH popula-

tions displayed broadly similar persistence curves, with only 6 d on the crop and only 4 d in the soil. These
results suggest that re-infection of cattle may occur ifpeaks following replenishment of the catch-basin runoff

water. The E. coli population was �log10 5 100 mL�1 the crop is harvested and fed too soon after effluent is
applied. In addition, persistence of these bacteria infollowing replenishment events, but declined more rap-

idly and to lower levels than the TC population. Not surface soil could result in contamination of nearby sur-
face water if runoff occurred soon after application.unexpectedly, the TAH population was generally more

stable and did not demonstrate the same intensity of There were small precipitation events during the sum-
mer of 2000, but never enough to leave standing watervariation in population size.

The high levels and continual persistence of E. coli at the time of weekly sampling. Microbial sampling of
the 0- to 5-cm depth of catch-basin soil revealed differ-in the catch-basin water are clearly indicative of its poor

quality. Persistence of E. coli in aquatic environments ences among the measured populations (Fig. 5). The
TAH population was very constant, regardless of seasonvaries depending on the exact nature of the water envi-

ronment in question. Under controlled conditions, E. or replenishment of catch-basin water. The TAH popu-
lation ranged between log10 8 and log10 10 g�1 wet wt.coli O157 in bovine fecal slurries survived a minimum

of 28 d at 4�C, or as short a period as 5 d at 23�C (Kudva In contrast, E. coli and TC populations varied consider-
ably, and numbers ranged between log10 1.56 and log10et al., 1998). In pond water at 13�C, inoculated E. coli

O157 was found to persist for up to 13 d (Porter et al., 6 g�1 wet wt. The E. coli population was generally below
the detection limit but increased very slightly with the1997). Although E. coli in the catch basin water of our

study showed seasonal variation, it was always easily onset of spring, with higher populations in the soil of
the catch basin following replenishment events. In par-detectable in the catch-basin water. There were indica-

tions, however, that E. coli was demonstrating differen- ticular, the E. coli population increase following the fall
replenishment was quite dramatic. The TC populationtial and lower persistence characteristics than TC. This

suggests that management techniques such as microbial demonstrated a similar pattern of persistence, with
higher growth in the spring in the absence of any replen-competition could be used to limit E. coli in catch-basin

water. Nevertheless, the continued presence of E. coli ishment events from the feedlot pens into the catch
basin. However, the levels of both populations did seemin the catch-basin water highlights the continued need

for containment of feedlot effluent. to decrease quickly with the absence of water in the
catch basin.There are environmental concerns about potential

persistence of these bacteria on the crop and re-infection Soil from the dry catch-basin floor generally had low
levels of E. coli, but at times populations of �log10 4 g�1of cattle consuming silage when feedlot effluent is ap-

plied to adjacent land by irrigation. Yanke et al. (2003) wet wt. were present (Fig. 5). A positive response by
E. coli and no response by TAH to environmental stim-applied effluent from a commercial feedlot in southern

Alberta to silage barley plots in 1999 and 2000, and uli suggests that the E. coli population persists in a man-
ner different from the general microbial population.compared persistence of E. coli and TC on the crop and

in the soil under treated and control plots. They found Fenlon et al. (2000) suggested relatively poor persis-

Fig. 5. Persistence of E. coli, total coliforms, and total heterotrophs at 27�C in catch-basin soil over a 2-yr (1999–2000) period. Arrows indicate
times when the catch basin contained water. The term MDL is the minimum detection limit.
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