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FORENORD

E“éotéve watern m&o‘uace management cannot be nealized without

adequate knowledge of the impaet of Land use on water quality. One
area of tand @e and its waten impact whene a dearth of informition
exists, at Least in Ontanio, concerns cattle feedfots. Tn onden to
assist in overcoming this "infonmation qap,"’ thus study was commi.&
sioned by the Social Suencu Division of the Canada Centre fon In@and
_ wa,te)u and carnied out by a student in pa/dxal ful fillment of his

masten's thesis. 1Tt is intended to senve as a pilot Atud y to detenmine
the meac/t of cattle feedlols on the water quality of nearby streams.
The opinions expressed in this nepont are those of the authon and do not
necessarnily neflect those of the sponsoring party.

Res ervations

This paper is presented as an unpublished nepont which must be
qualified by certain nreservations--neservations which concern ;the method-
ology, data gathening, and conclusions of the study. Due to the nestricted
‘anea for Aiudy and the method of Auem’ng sites fon study within this
‘area, the nesults cannoit be considered eithen repnesentative on tupical of
the situation 4in Ontario. 1In addition, the méthod of sampling, the fevel
0§ quality control on samples obtained, and the anaz-wus 04 samples could
have Led to ugm,{accan/t deviances fnom actual waten state. 1In view of these |
' nesenvations, 4,t 48 felt that definitive conclusions on the basis of this |
Atddy nega/cding the impact of cattle 6eertCot_A on stream waten qzmli/ty ane
not justified.



The above pnoblema are due, at fLeast in part, to the dearth of
prion Znﬁonma,téon available on the subjeet--information which could
have assisted in defining a mone nefevant study framewort and to the
Lack of resources available fon underntaking the study.

Value of Study _

Despite the above neservations, ut 48 felt this study has value
fon wéi:u quality nesearch and management. The descriptive natune of
the nepont gives a good indication of the probLems involved--both
human and othw»iAé--cg' conducting a study on this subfect. T1£ is
indicative of the many variables 4involved which affect study desian and
AmpLementation Aﬁch as site sample size, eriteria fon site selection,
water quality variables to measure, water sampling design and procedunes,
efe. 1t is also indicative of the number and types of variables which
de/te)unéné the impact of cattle feedfots on the quality of around water

~and sunface wa_tvc.a,A well as strneams. Thus, as a pilol profect, it
shoutd prove useful in the development of a framework for future studies
in this area, although no attempt to provide such a framework has been
included in this nepont.

Social Sciences Division
Canada Centre fon Tnland Watens
RBurlington, Ontario :
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SUMMARY

The purpose of this project was to assess the effect
of runoff from cattlc feedlots on the water quality of
nearby streams. Increasing public concern over all types
of environmental pcllution has precipitated rcséarch,into
various forms of agricultural runoff, Livestock waste
runoff has become a major issue due to the development of
feedlot style production where large numbers of cattle arcf
confined for‘long periods of time in small areas, This
type of production was 1ﬁit§ctec cn a.largé scale first 1ﬁ

the United.States mid;west during the 1950's., Since that

time, numerous cases of water pollution linked to the

feedlots have been réported and much research has been dcf
voted'to finding methods of wastc disposal and treatment,
In Ontario; feedlots are considerably smaller than in
the United States; however, the growing demand for beef is
causing a rapid increase in'the number of cattle produced,
Whille research into the effects of livestock waste in the
United.states-may cupply some anSWers‘tOfofficials in
Ontario, different ccnditions of climate, 'vegetation, and
topography make much of the 1hformatlon invalid and require
the research,be carried out under the particular conditionsk
found in the beef prcducing reglons ofrsouthern Ontario.
Research into the characteristics of animal waste and
their. pctential for polluting streams has been 1nvestigated
by varicus groups in Ontario, however 11tt1e analysls has
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been made of water quality in streams near feedlots.

This proJect was designed to assess the effects of
feedlot runoff on water quality during spring and summer,.
A sample of seventeen feedlots'distributed tnrough six
counties in'the _western Lake ontario region were selected |
according to specific criteria and water sampling stations
were located on the adjacent streams. ‘both upstream and down-
stream from the feedlots, Water quality was monitored at
regular intervals during the period of March through Mav and
analyzed for concentrations of phosphorus, nitrite-nitrate
nitrogen. ammonia nitrogen, BODS, and volatile residue, For
the summer analysis a sample of five feedlots was used and
water quality was measured during and after storm runoff,

- Analysls of samples indicated that incidents of waste

}runoff adversely affecting water quality do occur during

spring runoff.and that the major factors.influencing_waste
runoff are distance from feedlot to the stream and the pre-
sence of drainage tile between feedlot and stream, Concen-
trations of the various water quality properties measured _
diminished with runoff during the spring period

. analysiS«or summer samples was severely restricted as
the result of 1little rainfall, In those cases where runoff
did’occur from the feedlot area, the effect upon stream
water qualityHWas negligible, _ 7

Besults-bf this'study indicate that continuous monitor-:

ing of the water quality of feedlot streams should be under-
taken along'with a more in depth study of some of the factors
that were found to contribute to runoff,

111




@

water sampleé and preparation of maps. -
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. CHAPTER I

INTRODUCTION

1.1 Purposea

The purpose of this study is to determine whether or
not runoff of livestock wastes from cattle feedlots in - -
southern Ontario affects the quality of water in nearby
streams_ Thisipurpose has been approached through the.monif
toring of several aspects of water quallty on streams ad-
Jacent,to a sample of feedlots in south-central Ontario.
Monitoring of stream quality was carried out during the spring ‘
and summer of 1973 in order to assess the effects of both
spring runoff and summer rains in transporting livestock
wastes to nearby streams.. Water samples were collected at

predetermined’ locations, both upstream and downstream from

- each: feedlot, and analyzed for varlous. properties indicative

of waste presence.¢ Those water quality properties considered
included orthophosphate (P), nitrite-nitrate nitrogen (N),
ammonia,(N),_BODs. and volatile residue. The study 1is
intended as a pilot project to identify the magnitude of the
problem and to determine the need for a more comprehensive
analysis. |

Research into the various problems associated with animal
waste management in Ontario is receiving increased attention
today because. of a growing public concern over a11 types of

environmental poilution and conflicts relatingvto the

menagement of”oar water resources, Livestock waste disposal

1




has become a major issue due to. two more specific factors:
the increasing concentration of cattle numbers which results
in large accumulations of waste in small areas; and the
expanding non-farm rural population which is complaining of
farm odours and water pollution about their new homes,

In the past, when there were relatively fcw animals
spread over‘a wide area; the diaposal of waste was a natural‘
'“process.resulting from the pasture style of operation and
what pollution did occur'was viewed as ‘natural’, Today.
however; the economics of farning demandvthat beef producers
confine their cattle in feedlots to facilitate the most rapid |
weight gain possible, It 1s also necessary, due to the snall
profit made on.each animal, to feed thc maximum number of
cattle that resources will allow. In bntario at present, the
average size of feedlots 1is approximately 200 head and each
- steer‘produces-about 50 pounds of waste per day (Black, S. A,,
et'al.. N. D., p. 3). The potential for both air and water
_pollution from such waste accumulation has been. recognized
" by government ‘agencies throughout North America. Since the
mid 1950 s research, particularly in the United States, has
ceen;aimedvat-analyzing the characteristics of livestock
waste and fornulating methods both to disperse and treat it.

'Numerous cases of water.pollution"caused by feedlot
runoff nave-becn documented.in the United States.'however _
such 1s not the éase in Ontario, While reports on the con-
taminants found in and around Ontario feedlots have been
publlahed. there is as yet little evidence to show that

those contaminants ever reach surface water supplies..



Conditions differ greatly oetween the beef producing
regione of the American mid-west and that of Ontario. ' The
average number of cattle contarned in an American feedlot 1s
much greater than for the average Ontario feedlot. _Wastel
disposal in the United States is dlfferent from that in
Ontario because of the large quantities aocumulated and the
snortage or absence of land onto which the waete canfbe-

- diepersed; Topography in the'feedlot regions of the United
States 15 relatively flat compared to that found in ontarto'
and stream density is low. These factors contribute to the
acoumulatlon of waste products in the feedlot area. Cli-
matic. soil. and vegetation factors also combine to create

a far different sltuation in the United States compared to
that in Ontario. Rainfall 1n the U.S, regions tends to be
concentrated during a short period of .the: year and causes
runoff oy waste that has accumulated and dried over the long
dry season, In Ontarlo, snowmelt and,more uniform rainfall
cause runoff to occur more generally throughout the year.
For.these:reasons. it cannot be assumed that feedlots in
thecmroyince.are in fact cau51ng pollution of streams and
lakes comparable to that documented for the United States,

E In any'measurement of feedlot runoff a great many
variables must be taken into account. Not only do environ.
mental conditions determine the amount of waste that is
removed from the feedlot area, but the operating procedures
of the farmer also have a great influence on waste runoff,
The frequency with which the farmer removes waste from the -

feedlot area and spreads it on fields, the}amount of manure




applied per acre, the time'of year at whieh it is applied,
the use of commercial fertilizers, the nutrient demands of
the creps in the area.'and the presehce of permanent grass

or dralhage‘tile in the'area betWeenAthe feedlot and stream
are just some of the many variables 1nvolved It may be

that the difficulty in isolating variables 1s the reason for
a 1ack of 1nterest in the study of waste'runoff. Most of the
pablications put out by the Ontario Department of the
Environment relating to livestock waste are studies of the‘_
potential of livestock waste to pollute water courses rather
than studies of livestock waste‘that actually reaches surface
streams or lakes. Partly as a result of these studies.

there 1s considerable‘EOncern on the part of many cattlemen

‘that their operations may be contributing'significantly to

the pollition of nearby streams and that regulations may be

invoked which will affect their methods or scale of productlon.
It is hoped that this analysis of runoff from feedlot
areas as affecting water Quality in neardby streanms will be

a contribution to a more rational approach %o pollution-

'analysig and will serve to either confirm or allay the fears

of the people 1nvolved

.We. in Ontario. are fortunate that livestock waste
disposal problems in areas such as the American South<West
have created an awareness of the problem at a time when our
livestock 1nduetr& is in the early stages of the transition
te concentrated production. While feedlots 1n the United

States have‘already grown to an average capacity of several



thousand head with a maximum capacity of over 100 000 head
(Bademacher. 1969, p.194), most Ontario feedlots contain
only several hundred head., Thus we may not only benetit
from some of the research already carried out in the United

States, but develop methods for controlllhg waste pollution

'while the production system is still amenable to change

that. will not result 1h serlcus'disruption,either to the

type of farmihg'or the quantity of production,

1.2 The American Experlence

Concern over livestock waste disposal in the United
States began to appear in journals almost twenty years ago.
By that time, the beef 1ndustry had already become well
established in two major regions: the Missouri and 001orado
River baslns. and confined feeding had long since replaced
range feedins. The problems of air and water pollution
became evident as a result of the combination of several
factors, The 1ccrease in population and an increase in the
per capita consumption of beef products resulted in an
increase in the number of cattle in most feedlots and the .
establishment of ney operations, Also.:there was an in-
crease in humaﬁ settlement'in the llvestock regions, in some
cases iﬁ close prcxlmity to feedlcts; As a‘result. there was
a greater demaﬁd for water for domestic and recreation
purboses, These demands were in conflict with the use to
which cattlehen ﬁere putting the water, This conflict
between expanding communities and expanding feedlots led to

complaints and court action over feedlot odours and poor




‘water quality (Loehr, 1969, p. 19).

The extent of pollution in livestock regions is indi-
cated by several of the documented cases, In Kansas, for

example, 22 of 36 fish kills reported during the period

'1967-1968 were caused by feedlot. runoff--one such kill

resulted in the death of 500, 000 fish (Rademacher, 1969.

P. 194), Cattle too have suffered the consequences of

Polluted water with nuzerous becoming sick and dying after

consumlng water contaminated by the waste of cattle opera- -

.tions upstream (Rademacher. 1969, P.194). The pollution of

surface waters that has resulted in the Missouri basin is

‘equalled by the contamination of groundwater supplies, A

study of 6,000 sub-surface water samples collected from

- throughout the state of Missouri showed that 42 per cent con-

tained more than five parts per million nitrate as. nitrosen.,

In sone counties in the state, over 50 per cent of the

' samples indicated potential danger to livestock and humans

because of the high nitrogen levels, Ammonia and organic

carbon have also been found in groundwater near feedlots
, .

(Rademacher. 19690 r.195).

It has been reported that there are over two billion

‘tons of livestock waste produced annually in the United States

by more than one miillon cattle and that half of this

figurs is produced in feedlots. (Bernard, 19?0. P. 8; Heald
and Loehr, 19?0o P. 122), The heavy concentration of such
wastes 1s 1nd1cated by the large number of cattle marketed
from each of the basin states.} Iowa, for example. ‘marketed

four mlllion beef cattle in 1967. representing a waste




population equivalent of 40 million (Rademacher, 1969;
p; 163). The trend to ever larger feeding operations 1is
indicated by the 100,060 head feedlot in Greeiey. Colorado,

State autﬁofities now.recognize-the lack,of planhlng

~that has resulted in cattle operations located in areas
highly.susceptible'to surface runoff and @he unéontrolled__
release of ﬁastes directly to streams., The fact fhat many
of these operations.have only been in existence for a shdrf ,
period of time indicates the initial lack of concern for ihe
pollution characteriéticé.or such operations,

. There ﬁas béen a hardepingjof attitude developing over
the p#st several years towards livestock waste péilution and
poth state and federal égencies are in the process of trying
to solve the problem, The enactmént of the Federal Water
Pollutiou Control Act, Public Law 660, in 1956, and its re-

.vision into the Clean Water Restoration Act. of 1966 demon-
strated the interest of the federal government in stopping
water pollution, However.;as in Canada, waﬁervquality comes
unde: stéte_Jﬁ:lsdictioh}andAstate legislators are more.
subject;to the pressures brought to bear by powerful indus-
fries|with1n>the state. As a result of'this and other
factors.’adépiion of the standards laid down ;ﬁ the Clean
Watef Restorétioh Act and further action at the state level
has been slow (Binlek, 1969, p. 364).

Engineerihg'studies have resulted in maﬁy suggestions as
to treatment methods that might be used to reduce the level
of cont;minétion in waste runoff, Anaerobic holding systems,

anaerobic digestion. complete treatment, drying and or |
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incineration, 1liquid aeration, and aerobic composting ere
the<maJor areas of researcn interest However; these
methods invariably entall a capital investment which might
put the economic viability of many feedlots into question--
and this, at a time of growing beef shortages, must be a |
prime consideration, _ ..

It 1s difficult to predict what effects the recent
instability in feed supply will have upon the production of
beef; but, it seems likely that -uch a volatile situation
will force many small producers out of business, leaving
the market to the large.feedlot-corporations.that have the
resources to survive until the situation stabilizes or
alternative.feeds are developed. This will continue the.

‘trend toward further concentration of the industry and con-

'sequentlv'tne wastes within certain watersheds. In spite of

increasing prices for beef products in. recent years. the

annual per capita. consumption of beef in the United States

continues to rise., Between 1951 and 19?1 the per capita
consumption of all red meat increased 22 per cent ‘Wwith most:

of this’ gain coming in the last ten years (ﬁottman, 1971.

p. 9).. Thus. increasing demand too suggests that the quantity
of waste: produced as a: by-product will increase and continue
to be a source of pollution in an area where control is

difficult,

1.3 The,Ontario Situation

As in the United States, during recent years there has

been a significant increase in the number of beef cattle




raised on Ontario farms, High prices paid for slaughter
‘cattlé in the early 1950°s initiated an expansion of the
beef industry and many farmers gave up the culfi#ation of
mixed grain oroﬁs in favourrofvcorn and cattle. Between
1951 and 1971. the number of beef cattle rose from 1, 120 82&
to 2 h98 086 (Ontario Ministry of Agriculture and Food,
,1971) with most cattle now confined for a large part of their
lives in feedlbts. Ontario’s 1hcrease in cattle production
can aleo be aceounted-for b& the rapid rise in populatioh-,f
4,597,000 in 1951 ﬁo 7,703,106 in 19?lb(Stat1st1c§ Canada
1951 and 1971), and per capita consumption of beef_products.
which rose from 61,6 pounds in 1955 to 92.5 pounde in 1972,
There 1is, however,.a constraint on_oettle production‘in the
province.' Most cattlemen are in the business of only
fattening replacement cattle rather than‘raieing their own
calves, At present, 70 per cent of all replacement cattle
and calves are'brought.ln from westero.Canada and there is
often a shortage of such replacements (Townshend, 1970,

P. 195). The number of replacement cattle arriving in
Ontario from western Canada 1ncreased from 277,449 head in
1956 to 416,221 head in 1971 (Can, Dept, of Agric., 1956 and
1971). Onterio'cettlemen who have, since the 1950°s, acted

~ merely as middiemen buying cetile'in the form of calves, |
'feeders, an@_stockers and holding Fhem until they heve gained
sufficient weight to go to market, are being encouraged by
the Department of Agriculture to establish fully integrated

cow-calf and feeder operations. The government now offers
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guaranteed loans for the purchase‘of cows for breeding. This
program, it is hoped, will result in self-sufficiency for
Ontario in beef production and provide more security for
cattlemen by extricating them from the decreasing margin
position that they have been in, | |

At present, there is no legislation which can be used
by authorities to reetrict the operation of anyvfeedlot or |
other type of farm that is thought_to be a polluter as long
as the farm in questidn is being run in accordance with |
‘normal’ operating practices, Thus far, almost all cases of
air and water pollution investigated by .the Department of the
Environment have been corrected through the mutual agreement
of the Department and the farmers involved, A "Suggested
Code of Practice"” has been prepared by the Air Management
Branch of the Ontario Department of the Environment (1970)
which outlines how. new farm structures should be located and

built, how renovations to older buildings should be made,

~and how animal wastes should be disposed of While the code

is not law, certificates of compliance with the code are
awarded and farm loans for non-certified projects are
difficult to obtain. In a few cases of farm pollution, the
owners have shown complete indifference to both suggestions
in the code- of practice and warnings from tne Department of
the Environment and, according to Department personnel, it
appears that court action will be required to helt pollution
at those sites and set a precedent for future cases,
Government research}into feedlot pollution has been

restricted to analysis of the characteristics-of 80lid and
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liquid wasfe in the area of the feedlot :ather than the study

of waste movement.into surface streams, It is»intefesting
to note that government reseérchers“state that most feed--_
lot operations are situated in such a:way that'the drainage
does not cause pollutlon (Jensen, 1972, p. lf. a fact borne
out in the search for feedlots for this'study. |

1.4 Development and Distribution of . - e e
Beef Operations in Ontario -

The present distfibutloh of beef cattle in Ontario has.
developed as the result:of several factors. The dairy
industry, which became important in the late 1800°'s,  was

centred 1nvthe counties from York to the Ottawa Valley in

" order to be hear the populated markets, There was less

interest in beef in thié area and therefore the'beef:dattle
operatiors developed in counties farther from the centres of
population,

The large quantities of feedjreqﬁired to fatten beef
cattle made it necessary.tovlocate in the west of the pro-
vince w@ere conditlons.were most.suifable for high yield
grain cdltivation. In the north-weét. conditions were 1es§ -
saﬁisfactory for some grain 6rops.:hbwe§er the area is good
for growing hay and there 1s extensive improved pasture,
Because of the different food requiremehts Of the various
cattle types, both of these regions were popular with
cattlemen. Steers achieve their best growth potential when

fed on high protein grain feed and for this reason they came

to be concentrated in the western counties while beef cows,
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with a-greater dependence upon pasture, came to be concen-
trated more in the northern counties (McDonald 1972, p. ?6)

There ‘are few cattle feedlots today that were created

‘a8 specialized operations, Almost without exception, beef

feedlots in Ontario evolved out of mixed farming operations.
The greater demand for beef has caused a gradual inorease |
in prices, Thio in turn has caused increases in prices paid
for feed érains. Thus. crops such as oats, barley, and
winter wheat are being replaced by shelled and fodder corn,
both for sale and for feeding to the increased number of
cattle on the farm. Of the hundred. feedlots visited for
purposes of this study. few had more than ten beef cattle |
prior to 1960

Maps 1 through 5 have been prepared to illustrate the
changes. in beef cattle numbers for each county in the census

years from 1951 to 1971, Data(on'the counties for each year

' are listed in Appendix I. The term 'total beef cattle®

represents the total of steers, beef cows, beef heifers. and
all calves. Calves were not divided into beef and dairy be.
cause ole a small percentage of the total number are raised
for dairy purposes, It is difficult, with the importation of
beef calves from western Canada. to accurately assess how
many dairy calves are in each county, The maps show that the
centre of the beef raising industry over the past twenty
Years has been located in the west and north-west regions of
southern Ontario, in the counties of Simcoe, Grey, Bruce,
Huron, Perth, Wellington, and ‘41ddlesex° The numbers of

beef cattle are much lower in the counties east of Toronto.
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"The totals listed in Appendix I show a considerable
increase in numbers between 1951 and 1956, Prior to the
rapld increase in cattle numbers, there was a significant

increase in prices paid for slaughter cattle, The price

‘in 1950 was $24, 50 per hundredweight and increased to

332, 60 within a year, This higher price no doubt caused many
farmers to 1nvest more money in cattle,. The price fluctua- -
tions in the early 1950°'s might also account for the decrease
in the number of farms in Ontario, Following the high of
$32.60 paid in 1951, prices dropped to between 319.00 and
$20.00 for the four-year period 1953 to 1957, Durlng the.
period 1951 to 1961,. the number of farms in Ontario decreased
from.150,000 to 120,000‘(0ntar10 Ministry of Agriculture and
Food, 1971). Part of this decrease in farm number could
conceivably have been caused by the bankruptéy of farmers

who over-invested in cattle and necessary farm modifications

" &n thc hope that the high 1951 prices would ipersist and who

later lost their 1nvestments when the prices dropped. In
such a situation. there would . likely be an 1ncorporation of
nany small uneconomical operations into fewer large volume
fecdlots. In the region used for this study, many feedlot
operators were renting land for cultivation from neighbours
who had given up farming. The. high cost of Teed makes it
lmperative to grow as much corn as possible but the high
cost of land prevents most owners from purchasing adjacent
land to stabilize their expanded operations, Thus, the
number of cattle kept at any feedlot is not only determined
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by -the cost of feed on the narket but also by the availa-
bility of rental land,

| Map 6 shows tne number 6f farms per county that reported
cattle on feed during 1971 (Appendix II). As with data for
cattle nunbers, the highest values are located in the west
and north-West regions of southern Ontario, It was hoped
that a map of feedlot numbers could be included as the most
relevant representation of potential feedlot locations,
However, according to many people with various positions in_
the agriculture and cattle business, there are no data kept
on feedlot numbers, As s last resort the agricultural
representatives in each county were contacted and asked for
the numbers of feedlots in their counties. In some cases
unfortunately, the estimates given are in contradiction to
published statistics of cattle and farm numbers, Therefore.
& map of feedlots has not been included and Map 6 is pre-
sented as an approximation of what is the likely feedlot
distribution, The number of feedlots would be considerably
smaller than the number of farms reporting cattle on feed
since there is no minimum number of cattle required in the

latter case,
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NUMBER OF.BEEF CATTLE PER COUNTY, 1951

[ o-20,000 ' 60,001-80,000
20,001-40.000 1 80,001-100,000
40.001-60.000 ° v

Source : 1951 Census of Canada, Statisties Canada.
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NUMBER OF BEEF CATTLE PER COUNTY, 1956

[::I 0-20,000 60.001-80,000
‘ 20,001-40.000 80,001-100,000
40.001-60,000 ~

Source : 1986 Census of Canadu, Statisties Canada.

> 100.000
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NUMBER OF BEEF CATTLE PER COUNTY, 1961

D 0-20,000 ' 60.001-80,000
20,001-40,000 80,001~100,000

40,001-60.000 > 100000

Source ; 1961 Census of Canada, Statisties Canada.
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NUMBER OF BEEF CATTLE PER COUNTY, 1966

Dz’ 0-20,000 E

60,001-80.000 4

o
20,001-40,000 E.: 80.001-100,000 :
40.001-60 000 > 100.000 '

Source : 7_966 Census of Canada, Statistics C.'inada.




NUMBER OF BEEF. CATTLE PER COUNTY, 1971

[::] 0-20,000 -

20,001-40.000

60,001-80,000 -
80.001-100.000
> 100.000

40,001-60.000

Source : 1971 Census of Canada, Statrstics Canada.
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< 200 1  801-1.000
31400 S 1.001-1,200
401-600 S 1.201-1,400

. 601-800 - Sy > 1,400

Source : Census of Conatia. Statrstics Canada




CHAPTER II
RESEARCH DESIGN AND METHODOLOGY

l,l Purpose

.The primary purpose of the study is to determine
whether or not runoff of livestock wastes from cattle feed,
lots in southern Ontario affects the water quality of nearby
streams, The research project was designed with the inten-‘
tion of answering the following questions;

1. What is the effect of waste runoff in terms of the

| observable fluctuations in water quality charao-

teristics at the point of waste entry?

2, What changes in water quality characteristics occur

downstream from the point of waste entry?

3. What seasonal changes in conoentration occur during

.v spring and summer? | | o
4., What site factors seem to facilitate or inhibit run.
- off of the various waste components?

The'present study is 1ntended as a pilot study which may
later be expanded to a wider area, The information collected
here will be useful in indicating the degree of water quality
variations associated with feedlot runoff, identifying
problems assooiated with the attitudes of_indiViduals and
organizations that must be dealt with, and the field condi-
tions relating to problems in sample collection -and analysis..
It is also hooed that this study will serve to identify those

21
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prohlens of‘greatest concern which require further, more
detailed analysis, | | |

A review of published literature on.livestock-waste
runoff reveals that little work has been done outside of the

immediate area of the feedlot, There is a striking lack of

monitoring of stream quality., As a result. the methodology

used in this project was developed without reference to other |
studies and according to the situations anticipated without
benefit of any background information. '
The feedlots selected for - the study are located in
counties in the western Lake Ontario region, In order to
discover the effects each feedlot had on the water quality of
the adjacent stream four sampling stations were selected to

show the condition of water upstream from the feedlot, at

. the nearest point downstream from the polnt of waste entry,

and at locations one-quarter and.one-hdf~mile downstream from
the feedlot. The monitoring of stream quality was to be
carried-out periodically according to a‘schedule during both"
spring (March through May) and summer (June through July).
Water sémples were analyzed for concentrations of ortho-
phosphate (P).’nitrite-nitrate nitrozen (N), ammonia (N).j
BODS. and volatile residue. In addition, bacterial analysis

. was carried out periodically on samples from each stream,

The following sections of this chapter describe the criteria
used in the final selection of feedlots and the methods of
analysis which were thought would best provide answers to the

questions set forth at the beginning of this chapter.
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2,2 Selection of Feedlots for Spring Runoff Analysis

Twenty.feedlots were selected for use in the spring
runoff section of the study,.’ Since only one 1nd1v1dual was
involved 1n the collection of samples and frequent sampling
was desired, the distribution of feedlots was restricted to
an area ofhapproximately a sixty mile‘radiuslfrom Toronto,
Because a random ‘sample of feedlots would not be realistlc
| with such a small sample number, a certain: degree of
standardization was used to obtain a more meaningful repre-.
sentation, The selecticn of feedlots was made after consid-
eration of many variables which could affect the emount,of
runoff reaching a nearby stream, These.variables can be:
catagorized -under three headings: physical geographic.;
construction characteristics, and operational practices,

The phyeieal geographic variables considered were distance
from feedlot to stream, the ground cover: between feedlot and
stream, the topographic slope from feedlot tostream._the soil
characterlstics, and the etream-discharge. The ccnstruetion'
characteristics considered were the type of feedlot‘flcor;‘v
the extént of roof covering, the presence of hold}ng ponds

or other waste eisposal facllities..and~the presence of
drainage tile 1e‘the vicinity of the feedlot, The operational
practices considered were the numbey of cattle per unlt area;
the use of straw bedding; the frequency of manure removal;
the amount, location. and season of manure spreadings -and
the operator s attitude toward runoff and agricultural
pollution in general,

Of these three groups of variables consldeied. the
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physical factors were thoﬁght to be most important in the

selection of study feedlots, particularly in light of the
view of researchers in the Ministry of the Environment that
most feedlots are situated in such a way as to minimize
stream contamination, It would be difficult to assess the
effect of cach physical factor in isolation from the others,
since.they arc interrclated. However, it ié clear that‘cther

factors being equal, the greater the distance from the,stream.'

the less 1ikellhood there will be of waste runoff to the

stream,- Infiltration, evaporation, and chemical change

rwould bring about a dccrease in both the amount and concen-

tration of waste runoff. Ground cover between feedlot and -
stream aisc affects runoff, A continuous vegetative cover
is usually to be associated with higher infiltration rates
and limited runoff to streams., The topographic slope from

the feedlot to the stream also plays an important role in

- determining the rate of runoff and the amount of infiltration,

In this regard also, soil characteristics are a major‘con-
sideration. particularly with respect to infiltration rates.
According to the United States Bureau of Soils, the approxi-
mate}permeability in gallons per day per square foot of soil
for sand is over 10 while that for clay 1s 10~% (Linsley and
Franzini, 1964, p, 634), Stream discharge must also rank as
a factor of importance since the volume of flow will determine
the amount ofudilution of the waste runoff thaf.takes place,

'COnstruction variables have been analyzed by various

groups in thc province and the major considergtions are the
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type of flooring in the feedlot yard and the extent of .

25

roofing over the yard. Flooring is}either bare soil or
concrete with the latter coming into universal acceptance,
throughout the province, Concrete floors do cause'liquids

to flow out of the yard if.they are excessive; however, the
highly concentrated waste is prevented from infiltrating to
and contaminating groundwater supplies. Also, concrete '
flooring allows for easier waste removal from the yard The”
degree of roofing is important in that the greater the cover-
ing. the less rain and snow will fall in the yard and |

natural runoff will be less, Few of the farms visited had

jtaken measures such as the building of holding ponds'to’pre_'

vent the immediate runoff of wastes, However, since a great

deal of discussion has been generated over the value of a
holding rond as a treatment facility in the reduction of
certain contaminants, one of the few sites with a holding

pond was included in the study group.’ A.factor'which clearly

-has a potential effect on water quality is the presence of

field drainage tile in the area between the feedlot and the
stream,} These drainage lines not only carry excess moisture 1A
from the field but also all ofthe contaminants present in
such _water, The tiles overcome the effects of physical
factors in preventing runoff from reaching the stream.

| Operational factors are the most difficult to discuss

in terms of their effects on runoff since they may change

from day to day. The number of cattle{kept in the feedlot ig |

clearly of importance since it determines the amount of

-
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waste produced. The use.of straw bedding 1s>1m§ortant in
that the straw ébso:bs_the liquid waste and allows for much
easier handiing of the waste, However, the amount of straw
applied ié highly variable from one feedlot toranothep and

1t is frequentiy in short supply. The removal of manure from

e

the yard is also a highly variable factor, Few owners follow

'a precise schedule of yard cleaning. preferring to wait

instead until the manure reaches a certain depth Often
rainfall makes the manure unmanageable and it 1s left in the
yard until ;t partially dries, Disposal of the manure is ",
accbmplished either bylplling it in the 1mmediétegarea of the

feedlot until it can be applied as fertilizer to the fields

or by taking‘it directl& to the fields and spreading regard-
less of the time of year, Since large volumes of waste are
involved . the latter method of diSpésal is usually used,

The attitude of the owmer towgrd water pollﬁtion and
the ppsSible runoff of waste from his own feedlot is often a
difficult thing to ascertain, The owner's statéments'may be
influenced by tﬁe'researcher or complaints of neighﬁouré or
a host ;f othér-reascﬁs, However, the generaiAappearance of
the farm_an& feedlot as well as his activities viewed over a
period of time a11ow one to judge with some accuracy whether
or not the owner is concerned with operating in a safe
manner with regard to pollution,
' It was found that in the region used for the study

there was considerable uniformity with regard to several of

the variables énd therefore they could bé assumed to be
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constant, Since all of the feedlots had evolved out ot
mixed farming-operatiqns, there were no extreme differences
found in soll type. Most solls were either clay loam or
silty clay loanms wlth slmllar permeabilities (10" -2 gpd/ft. )
(Linsley and Franzini, 1969, p. 634). As.for construction
type, no feedlofs.weré found that had foofs covering the
feedlot yard., In almost all cases, the feedlots were made
up of an open.front barn and ad joining yérd with concrete.
.flooring throughoutel The operafional features or manage- E
ment of all feedlots was quite, similar with thevuse of |
straw bedding to absorb wagte'moisture whenever the straw
was available.,manurg removai once or twice a ﬁeek.and the

spreading of manure whenever ground conditions and crops

P

- allowed,

Thn factors used in the selection of sample feedlots
were primarily physicalaedistance, ground cover, and slope.
Also, examples of holding ponds and drainage tile were 1“‘,
cluded in the samplé‘grouﬁ. “Two operational variables were
used: }nqmberh9f cattle (al@hough an'average herd'éizé
of 200 head was sougpt) and the feedlot owner®s attitude
towgrd maintenance of his opération and his attitude toward
ﬁotential water pollution, In standardizing those features
which were quite common in fhe study reglon, it was hoped
that the factors considered as variables would prove more
manageable for purposes of analysis leading to a rational
assessment of the effect of each,

In order to obtain a basis for the seiection of sample




: 28
feedlots, the researcher visited over 100 feedlot opera-
tions'in the counties of York, Peel, Simcoe, Dufferin,
Wellington, Wentworth, Brant, and Haldimand during February.
The feedlot locations were obtained from three sources:  the
Ontario Beef Improvement Association, Cntario Department of |
Agrioulture County Representatives. andffeedlot operators
themselves,. . | |

| Considerable &ifficuity was encountered in the initial
survey of feedlots that was used as the basis for the final
selection of feedlots, - Conversations with various people
within the Ontario Ministry of Agriculture and Food indi°
cated that there is a great reluctance to divulge informa-
tion. even facts of the most harmless nature which are '
available from Statistics Canada, According_to~some people
who were willing to_discuss the situation, secrecy has long
been characteristic of the Department although a rationale
for such secrecy was never offered, As a result of the |
reluctance of many people to give more than a bare minimum
of the.information Trequested, there was always a certain
‘amount of suspicion that data directly related to the topic
was on hand but would not be supplied unless specifically
asked for, At the county level, officials in the six-
counties ultimately used in the study (Peel, South Simcoe,
Dufferin, Wellington, Brant, and Wentworth) were extremely
helpful in providing the names and locations of farmers and
discussing the ‘beef production situation in their areas,

”Agricultural representatives in the two other counties of
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Halton-and Haldimand réfuséd to co-operate in any way
saying that should they divulge the names of farmers, they
would be-betra&ing the confidence of those farmers, After
discussing the major features of each feedlot with the

agricultural representative of that county, the feedlots -

were located on 1:150,000 scale topographic maps- in order to

get a general impression of the drainage characterlstics of -
each, This enabled the researcher to quickly ellminate some
of the feedlots listed by the agricultural representgtives-
as being of little importance to the purpose of this-étudj.
The farmers visited were at first reluctant to take part 1n
any water quality study until they were convinced that it
was a university rather than a government study and that
their farms would not be identified. At only two of the more
than 100 farms visited did the owners say that.they_wouid |
rather not take part in the study. Once the purpose of the
study was ﬁade clear, the feedlot operators were quite
agreeabls to answering questions of fatm histofy, and the
funectioning of their feedlots, )

wgile there are many feedlots in the counties used, and
it was hoped that itwenty suitable ‘'operations would be |
located, oply seventeen were ultimately selected, Of this
sample number, it was later found that one feedlot had no
measureébie rﬁanf due to the topography of the area and
thg stream at another feedlot was eliminated by the fillihg'

of a new conservation reservoir during the‘early stage of

the proJect; Thus while the results fromvsevénteen feedlots

~
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will be discussed there were only fifteen operations Trom |
which samples ‘Were repeatedly collected Site data for
each of the feedlots selected is contained in Table 1 and

the general locations of the operations are presented in

Map 7. . -

2.3efse1eotion of Feedlots for Summer Runoff Analysis. .

' In addition to the study of water'quality variations

associated With runoff from fe.ilots during the spring

‘season, a smaller‘sample of feedlots was selected as a basis

for the study of runoff.associated'witn summer rainfall,

The purpose of enalyzing water quality in streams after |
summer rainstorms was to assess the effectiveness of rain in
removing feedlot wastes, During dry periods the,acoumulated
nastes often heve very low moisture oontent.and'are in a
powdered form resulting from the continual trampling by the
cattie.t They are'therefore more'likely-to be taken into |
suspension by runoff, | : R

Runoff during summer‘is affected by various soil and -

vegetative conditions not present during Spring. _These

-conditions are dynamic and determine to a large extent the

volume of runoff ‘that will occur on any given occasion. » _
For example, moisture content of each soil type is determined
by antecedent conditions of precipitation and evaporation,
The raterat.which runoff will infiltrate the soil is also
dependent upon the rate at which water is applied to the

soil surface. During an intense sunmmer storm. time is not

sufficient for the usually slow process of infiltration to




Table 1

INFORMATION ON SELECTED FEEDLOTS FOR SPRING 1973

Feedlot

Number

Distance : )
Feedlot Argg _of " to Stream Feedlot Drainage Soil Soil
Number (yds.?*) Cattle (yds.) Slope Floor- Tile Drainage Type
1 990 70 0 4° Soil Good silty
clay loam
2 1,100 140 100 15° COoncrete Good loam
3 2,010 - 280 200 20’ 4Concreté Poor '8ilt loam
4 1,210 . 150 300 20° Concrete " Imperfect silt loam
5 1,300 170 140 3° Concrete ~ Good silty-
o . ' clay loam
6 1,530 300 200 /50" Concrete Imperfect  clay loam
940 90 90 3°-30’ Concrete Present Good * clay loam
2,240 220 290 4 Soil + Present - Good clay loam
Concrete . » -
9 1,168 . 150 120 Lo’ Coﬁcrete Present  Imperfect _ clay loam
10 1,555 80 0 4° soil Present  Good clay loam

1€
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. Table l--Continued

~e

Feedlot

Distance

‘fﬁéedlot | jAregv Nuggér- to Stream ~Feedlot  Drainage Soil Soil

lumber  (yds.“) Cattle ‘(ydg.) Slope Floor Tile Drainage Typev.
11 2,800 300 120 3° Concrete Present Gbod loam
12 1,320 170 - 5 30° Concrete Good loam
13 2,120 350 200 420" Concrete Present  Good sandy loam
14 . 1,667 350 100 18° Concrete | - Good complex
15 1,880 160 160 3° Concreté"Present'. Ihperfect silt loam
16 1,089 180 30 7 30" Concrete Present = Good silt loam
17 1,595 150 - 60 10°  Soil Good silt loam

- e€
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MAP 7
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DISTRIBUTION OF STUDY FEEDLOTS.
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take effect and a major part of the rainwater flowsfaway
over the wet ground as surface runoff, Heavy rains, further-
more, compact the soil and‘reduCe its surface openings and |
prolonged rains cause soils to swell, reducing pore spaces,
On the otner.hand. vegetation usually reduces the surface
impact of the rain, creates additional pore space in the
soil, and absorbs a certain amount of the runoff dependent
upon previous moisture conditions. Vegetation may also
absord some of the nutrients-contained in the runoff,
Obviously, the effects are greatest during the growing
season and vary according to the type of vegetation present
~Each of these variables could be analyzed in detail as they
relate to waste runoff The purpose here, however, is to
find how the combination of all factors prescnt during
summer affect the transport of waste products from feedlots
to the streanms,

Feedlots chosen for this stage of the study ﬁere
Selected from the group of seventeen feedlots used for the -
spring'runoff study, In addition to the characteristics
consid”ered durin‘g' the initial selection, 1t is necessary to
take into account changes in site conditions at each farm. -
changes in the operation of each farm, and also the results
of the analysis of spring runoff at each site,

The major site consideration that was taken into
account was the stream discharge existing in early June. orf
lesser importance was the distance fronm feedlot to streanm,

While no accurate assessment can be made as to the effect of




a sudden heavy or prolonged rainfall on stream discharge
due to tﬁe moisture holding cha:actefistics of the basin,
if is reasonable to assume thét a stream that has gone dry
by late May will only flow after a rain of unusually long
duration, With this in mihd. the distance between the
feedlot and the stream assumes a greater 1mportance during
summer months because extended dry periods prior to any
rainfall increase the moisture holding capacity of the soil~u
thus reducing the possibility of feedlot liquids reaching
the stream° The absence qf any stream flow is relevant in
itself of course, however the analysis of stream Sampies- |
wheré waste cdntributions do occur is-the purpose:ofbthe
study and it was‘éxpécted would yield more 1nformation‘thad
any study of $ites where conditions prevent such waste

transfer,

Other factors that must be taken into account involve
thé operation of each feedlot duflng'the éummer months,  On
the basis ofﬁdiséussions with 6ounty agricultural repfesen-
tétivgs; it was found that the normal cycle of cattle
breedfng and féttening is such that most animals are born in
the spring and reach maturity after two and one-half years.
Thus cattle are removed from the feedlots for slaughter in
early summer with some farmers emptying their lots completely
by late Angust and refilllng them with yearlings in late
September. For this reason, several feedlots of interest
wefe’not included in the summer study and those. that were

used had fewer cattle than earlier in the year,
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Resulfs of the spring'funoff study were used as in A
indication of which feedlots were likely to have runoff dur-
ing the summer that would affect the quality of the receiving‘
streams, In consideration of the few occasions upon which
sampleé would be co11ected from eéch site.during the summér.
it would be more advantageous to use feedlots that_ha@v}n-
the past shown at least a minimal effect upon water quality
rather than to expect a radically new situation to occur,
With these con;iderations in mind, the feedlotsaselected
for the summer study were numbers 1, 2, 6, 11, and 15, each
of which is quite different in site characteristics from the
rest, Thé general site characteristics have beeh summarized
previously in Table i, |

Feedlot 1 had the fewest cattle of the group selected
(60), however, it 1is located directly adjacent to the stream,
The lot has a dirt floor in conﬁxast to the rest of the
feédlots and little cleaning of the &ard 15 done, Much of
the waste flows directly to the lower.edge of the lot andk |
into tpe sfream.‘ The.operation is an example of minimal care
and 1nladequate- facilities,

' Feedlot 2, with 100 head of cattle, 1s situated on the
crest of a hill and while the spring study showed little
effect upon water quality. the potential for such runoff
seems clear, The stream involved has a small marshy area

above and pelow the‘feedlot‘and the area between the feedlot

. and the stfeamvis grass covered,

Feedlot 6 has holding ponds above and Eelow the lot
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L which consistently gave higher readings than the,dowhstream
‘ stations, The stream had no flow by May 24 but the drainage .
area 1is considerably larger for this stream than for most
others which could result in a resumption of £low during
heavy rains. The area between the feedlot and hoiding pond
18 grass covered, One of the ma jor reasons for sélecting ,
‘this feedlot was the number of cattle.1nvolved--approximate1y

200 which was greater than the summer average for the total

feedlot group.

. Feedlot 11, with 250 head of cattle, was the largest of L

. the group. Analysis of early samples indicate waste does
run into the stream during spring runoff. The feedlot 15
well maintained and a corn field occuples the area‘Between

-

lot and stream.

Feedlot 15 contained 100 head of cattle and corn field
separates the lot from the stream, There Was some correla;, ;
tion between the feedlot location and‘Waste values in the |
stream during spring with high values above the lot as well,

Tile dfainage'appears to facilitate the movement of waste

toward the stream.

"~ 2.4 Data Collection and Methods of Analysis

{ﬁ; In an attempt to isolate water quality variations
associated with feedlot runoff, as well as the effect of
. downstream transport.of the waste runoff, four sampling
stétions ﬁgre located along the stream associated with each
feedlct, Thé'first serpling station in eachfcase was

‘ V located at a point far enough ups tream from the feedlot to
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avoid the effects of any waste runoff but as close as-
poesible to it in order that runoff fromesources between
Station ane Qnd‘the feedlot'were avoided, 1In mosf casee.
the distance was approximately one hundred feet but 1in
several cases was as great asﬁoneaquartef mile, The reason‘;
for such variation is explainedAin the analysis of resultsfb.

(Chapter III), The second sampling station vas located

‘within one hundred feet downstream of the point at which

the drainage from the feedlot area entered the stream and
was the station at which maximum values for each of the
measpred properfies were anticipated, Station Thfee end
Four .were located one-quarter and one-half mile downetream
from the point of waste entry from the feedlot, These |
statlons were used to measure the effects of downstrean
movement of the feedlot drainage,

During the period from February to June, the statlons
at.each feedlot were to be monltored at two week intervals,
The seventeen feedlots were arranged in groups of 5, 5,
and 7 9ccord1ng to geographic region and each groub was
coverea in the-Space of one day ahd‘involved between 80
and 200 miles -of travel, It was then heeessary to return
the samples.as quickly as possible to both York University
and Ontario Depertment of the Environment laboratories for
analysis, . |

" Collection of samples during the summer}for the analysis.

of the effects of rainfall was to begin at the five selected

feedlots in early June and continue until Early August, The
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stream moni%oring 1ocafions used during the spring Wefe |
again used during summer, Standard rain gauges were set'oat>
at ealh of the five feedlots and an attempt was made to
reach each feedlot as soonfas possible after the beglnning o
of rainfall in that aréa, Samples were to be collected |
before runoff began or, in the case of a dry stream, as soon
as streamflow commenced, and again several times as stream f
discharge increased and later decreased., Dlscharge was
“measured with each sample collection, | |
* Analysis of -water samples consisted of measurements
' for orthopﬁbSphate nitrite-nitrate nitrogen, ammonia'nitrogen;i
five-day bilochemical oxygen demand, volatile residues, and
in some cases, total and fecal coliforms., Each of these
properties is e characteristic of livestock waste and has
the potential for serious impact on water quality (Black,
et al,, N.D., p. 16), _

' Determination of ‘phosphorus concentration in Water
samples has become an 1ntegra1 part of almost all water
quality studies today. Besearchers have come to appreciate
the significance of phosphorus as a vital factor in bio-.
logical processes. Phosphorus determinations are extremely
1mportant‘in assessing the potential Biologicallproductivity
of surface waters. ‘and in many areas limits have been
established on the amounts of phosphorus that may be dis-
'charged to recelving water bodles (Sawyer, 1960, p. 330).
Phospho:us_is present on farms in liquid wastes and in
fertilizets.' High psOportioas of phosphorus“ia fertilizer




_nitrates (No,
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applied to fields are fapidly fixed to inorganic soil

particles and do not readily enter solution, ThisvﬁhOSphorus
is discharged into stfeams as the result of erosion and
studies indicate that 1t will enter solution when soluble
concentrationsvare less than 10 mg./1; However, all phos-
phorus'is‘subject to bilological assimilation which may
result in the growth of algae (Keup, 1968; p. 377).
Nitrogen is an important factor 1n-wd£er quality
studies becaﬁse it too 1s of great significance to the
potential productivity of biological systems. Another
reéSon“forfthe interest in testing nitrogen concentrations = -

stems from the fact that,high nitrbgen content has been;

~found to be responsible for the deaths of.animals and in- .

fants through a condition called methemoglobinem¢a. The
study of nitrogen in water i1s complex because of tae several
valence states that it can assumg and the fact that changes
in‘valence can be brought about by living prganisms. For
pufposes of this study, two forms of nitrogen ﬁere monitoreda;'
ammonia (NH3) and the combination of nitrites (NO3) and
3) Ammdnla is produced by bacteria from un-
assimilated protein matter in livestock waste. The ammonia
may. be used by piants directly to proddce plant protein, it |
may be volatized. or it may'bé transformed again by bacteria
to form'nitrites. These in .turn are oxidized to form
nitrates (Sawyer, 1960, p. 291), '

The biochemcial oxygen demand (BOD) of water is a

measure of:the amount of oxygen‘requlred by bacteria while
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‘stabllizing decomposable organic matter under aerobic .condi-

tions, BOD analysis is widely used to determine the pollu-
tional strength of waste water in terms of the oxygen that
the water will require if discharged into a natural water-{

course in which aerobic conditions exist, “The test is one

of the most important in stream pollution control activities" l

R 4

(Sawyer, 1960, p.,270). BOD testing is of prime importance
in regulatory work and in studies designed to evaluate the

purification capacity of receiving bodies of water. Since

a five-day incubation period is usual with BOD analysis, the

measure 1is usually eXpressed in the form BOD5 The method

of analysis used was that described in Standard Methods
(1969, p. 415), ’ | |

Since there is a considerable amount of organic matter
present in livestock waste runoff, measurement of the
organic matter present in streams 1s a logical prOperty to
use in order to.determine if there is waste input into the
water from the feedlot. In this study, values for volatile
residue are expressed as per cent of the total residue in
the sample'in order to avoid_errors caused by collection of
samples with little total residue and thus little absolute |
volatile residue, The method of analysis used was that
described in Standard Methods (1969, p, 423),

Bacterial analysis of samples from each feedlot was
carried out periodically at the laboratory of the Ministry

of the Environment In each case, the sample was taken from

‘Station Two--that olosest to the point of waste entry and
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values for both total and fecal coliforms were obtained,
Slnce fecal coliforms originate only in waste, their pre- -
sence 1is a positive indicator of some kind of animal waste
in a sample, | _ ,
| In discussions with laboratory officials at the Canada -
Centre for Inland Waters, it was agreed that anélySis'of
'vphosbhorus, ammonia, and nitrite-nitrate ultfogen shouiu be ’
carried-but as quilckly as possible after the samples had |
been taken:in order to avoid changes 1h property concentrae:
| tions over time, For this reason, the use of Hach'field
analysis kits was approved, The kits used were'mbdels
PO-19A which measures orthophosphate as P; NI-8 which
measures ammonia as N; and NI-10 which measures the total
nitrite and nitrate level as N, All of the kits are colori-
meter type._.Accuracy of results for phoSphorus ard nitrogen'
was to be pssiodically checked by taking some of the stream |
samples to the C.cC.I. w laboratory for analysis using a
_ Technicon autoanalyzer . Several tests were made to check

Bob5 results also,
|
2,5 Problems Assoclated with Field Conditions
and Samnle Analysis

The difficulty encountered in obtaining a sample number
of twenty feedlots has been pointed out earlier, Of the
more than one hundred feedlots examined during February, only -
a small number Were situated in close proximity to a surface
- stream and some of these were discarded on the basis of other

criteria° As a result, the study was carried out using a
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total of seventeen feedlots during the spring preriod, -

Locating four sampling stations along each stream was

in some ‘cases not possible due to the presence of other

drainage channels Joining with the study stream or the

presence of marshes or large flooded areas at some point

the length of stream that was to be studied, |
Temperature and precipitation were responsible for two '

serious occurrences during the period of the study. Table 4

shows the mean monthly temperature and total monthly pre-

'cipitation at four stations of the AtmOSpheric Environment

Service, Temperatures recorded for the month of March, 19?3
are considerably higher than the 30.year average at each
1ocation. ‘These temperatures are the result of several very
warm periods that occurred early in the month," " During those
periods.runoff accurred, thus reducing the amount of water |
held in storage that would normally be released during a

period of several weeks late in the month, As a result, the

.waste liquids carried in the runoff. were removed over a

1onger period of time and likely in reduced concentration,
The table does not portray the dry July weather as
clearly as it does’ March temperatures; however. the Bradford-"

Springdale and Orangeville stations do indicate the lack of

,rainfall that occurred within the study region. This problem

of dry weather at a time when the analysis of storm runoff
was the goal is discussed in the next chapter,
Several problems developed with regard to the analysis

of samples--the major one being discrepancies between values




Table 2

TEMPERATURE AND PRECIPITATION DATA

FOR SELECTED STATIONS IN THE STUDY REGION

Bradford-Springdale

" August

Temperature
Mean (inches)

Precipitation
Mean (inches)

1968-1972 1973  1968-1972 . 1973
January’ 23,0 23.8 1,82 1,25
February 27,6 16.1 1.75 1.1
March 34,8 37.8 1.99 2,64
April 52,2 hi,2 2,27 2,80
June 74.2 66.5 2,61 1.60
- July 79.2 68.9 2,94 S 0.34
- August 78,2 69.5 3.29 3.83
Hamilton Airport
- - . - Temperature Precipitation
Mean (inches) Mean (inches)
1941-1970 1973 1941-1970 1973
. January 21,3 25,0 2,67 1.48
February 22,6 19.0 2,09 2.53
March 31.3 38.0 2,21 5.22
April gﬁ.g 4:.0 2.21 2,66
May ) - © 5 co 05 .0
June 64,6 67.0 2.23 g.ll»g
July 69.0 70.0 2,83 2.89



Table 2--Continued

‘TEMPERATURE AND PRECIPITATION DATA

FOR SELECTED STATIONS IN THE STUDY REGION

August

Orangeville
Temperature , Precipitation
Mean (inches) - Mean (inches)
1941.1970 1973 1941-1970 1973
January . 17.5 21.4 2,04 1.74
Pebruary 18.5 15.0 2,00 1,69
. March 25,7 36.0 2,25 3.86
April ’40.2 42,3 2051" o 3.02
HB-Y 5103 ’ u9|6 A 30%2 . 3086
June 61.6 63.9 2, : 3.07
- Juay - 65.7 - 66,9 2.83 1.81
‘August © 63.9 68,7 3.0%. 4,56
Toronto International Alrport
, Temperature , Precipitation
Mean (inches) Mean (inches)
19411970 1973 19411970 - 1973
January 20,6 24,0 2,19 1.25,
March ‘ 30.3 38.0 2,36 4-3?'
April 2.5 44,0 2.54 2,
‘May 54,0 52,0 2,86 3.
June 64,7 65.0 2.4 2,67
July 69.3 69.0 2,95 2,46
68,0 69.8 2,88 - 2,52

Source:' Atmospheric Environment Sér#icec-

Department of the Environment

_h5 :A




AN

L6
recorded for phosphorus in the field and those recorded in
the 1ab0ratory; Stream samples were taken to the C.C.I.W,
laboratory on two occaslons during the spring., On both
occasions, the values recorded using the Hach kit in the

field'were-much greater than those recorded in the labora-

tory usingran autoanalyzer, The discrepancies did not occur:

1n:samp1es checked during the month of-June nor were dis.

’erepancies ever recorded when measuring prepared Sanples,of

unknown concentration, Several explanations for the .

’ differences were suggested, such as the time elapsed between

- field and laboratory testing (approximately three hours),

temperature differences between field and laboratory, and
interference in the samole which caused false oolorlmeter
readings, However, the problem could not be_resolved'by
the researcher and laboratory personnel at c.c;r.w. The
Hach company, replying to a request'for their opinion,
suggested that the eutoanalyzer was registering either a
sample colour or-turbidity or both that-do not register
when making visual colour comparisons using the kit,

S&nce the differences could not dbe aocounted for. it
is necessarx to point cut the posslble inaccuracy of
pnosphorus concentrations recorded during March and April
which are IISted in the following tables,

Values recorded using the Hach kit for nitrite-nltrate

’ nitrogen were consistently in agreement with the auto-

‘analyzer results at all times throughout the study,

Analysis of ammonia nitrogen usins,a Hach kit was not
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| entirely‘satisfactory since the maximum concentration;that'
can be measured using the'kit is only 3 npm. 'In the tables
of results following. it can be seen that in several in-
stances. the ammonia concentration was in excess of this
level, | |
o In some instances in the following chapter, BOD5
'concentrations are described as being in excess of a stated
- figure, This results from a problem characteristic of BOD
.analysis. The concentration of 30D in each sample must be
estimated and a suitable dilution factor used in order that
'the analysis will be in the proper range. With.each 1ncreasev:'
in dilution however, there is a resulting decrease in accuracy _
so that a minimum amount of dilution is preferred, Analysis
of several samples using different dilution factors would
,eliminate this problem but the collection and transport of
these additional samples becomes difficult ifr many sampl ing
Astations are being used as was the case in this study,
Bacterial analysis is a useful tool in water quality
'studies. Unfortunately, the number of 1aboratories that do
such analysis are few, As’a result, it was only through the
generosity,of personnel in the Ministry of the Environmentv
that the writer was able to submit a certain number of
samples for analysis. It is for this reason that measure-

ments of bacteria are recorded on such a limited basis,




CHAPTER 11X
ANALYSIS OF WATER QUALITY DATA

3,1 Introduction

- The purpose of this chapter is to deseribe the changes
1h-ﬁéter quality that took place ét each site as the_result
of livestock waste runoff. The chapter is divided_intd two
parts: the first to show the changes in water quality that _
fook piace during the period March through ﬁay as the resdlt‘ 
of spring runoff; the éecond 1s to show the water quality
changes that occurred as thé result of storm runoff during
June and July. The first section is made up of the results
of analysis fér spring and is prece@ed_by a déécription of'
how the monitoring was carried qut and what significance
levels of the various water properties have,. For each case
presented, the reasons that the feedlot was thought to be
a source of runoff are mentioned in addition to relevant
facts pot described in Table 1. The'results of analysis‘
for each of the water quality properties is then covered
and an assessment is given of the effects that the feedlot
in question has upon the water quality of the study stream.
The data 1tse1f is llsted in table form following the
‘ discussion,

At the end of the section, a summary of the findings

) fromvail qf.the feedlot streams as a group is presented

in o;der'to describe trends that occur through the tables
48
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.of data and to descfibe what factors could be found to

account for the changes in water quality,

The same format is used in the section following which_
deals with changes in water quality that result from runoff
caused by summer rain, However, the main point of interest
in each case is the amount and duration of rainfall that

occurred. Cases are listed in order of the dates on which

the rainfall and. runoff occurred,

3,2 Water Quality Variation During Spring Runoff

As indicated earlier there is a great deal of similarity

- between feedlots with respect to physical, constructional,,

"and operational characteristics., For this reason, only

those factors which are unique to the feedlot in question
or which exert an obvious influence on runoff have been
mentioned in the discussion of runoff and stream water
quaiity. For a more complete description of each feedlot
the reader should refer to Table 1

Along with a description of the feedlot site or some or
its characteristics is an explanation of why sites of sample |
collection (stations) sometimes deviated from the intended
locations, As stated, there were to be four sampling
stations: one close to but upstream from the feedlot. one
immediately downstream from the feedlot, and two others
located 0,25 and 0,5 miles downstream from the feedlot.
Problems such as level topography with questionable runoff
points, drainage from other streams, and accessibility

necessitated chanées in some of these locations,




In the 1htérpretaéion of quantitative results, and |
evaluation as to what aﬁy particular level of propert;ﬁcon-
centratioh hg% on overall stream quality, a large degree of
subJectivity;was necessarily -involved, Manj conditions |
operative in a feedlot area, éuch as infiltration and
chemical change, were not measured sinpe they were beyond the
scope of the study., Thus these effects can only be guesséd.'
As to what a significant level of Qontémination is, there
are few answers since the use to which the water 1s'to.be
put, time of measurement5 source of contamination, and oﬁherv
factors determine the acceptability ofléontaminatlng pro- k |
perties, In these analyses, the criteria set by the Ontario;
Ministry of the Envifonment were used when reference was made
to unacceptgble_contamlnation. The only properties covered
by the Ministry for water in ggriculture and livescock-use
are nitrate plus nitrite (20 mg./1 permissible), total and
fecal coliforms (100,060 and 100/100‘m1, permissible), and
algae (no heavy growth of blue-green algae), Reference is
made in the analyses}to 'high' and ‘*low' concentrations as
they rélate to-average valués found in the group as a whole,

- No analysis of aquatic invertebrae or algae was under-
taken; however, their presence or absence was noted as an |
additional indicator of water quality, They are of parti-
cular interest because they are often the result of sporadic

"loadings of pollutants whose presence is no longer detectable

by other means,
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3.2.1 Water quality at Feedlot 1

This feedlot was chosen because it is situated directly
ad jacent to a small stream with liquid and semi-aqueous
wastes running unimpeded into the stream channel Between.
April and August, the large amount of waste flow results in '
complete blocknge of the stream. A small holding tank tn-
stelled 1aet year to prevent rnnoff from the yard has proved

ineffective dbut no improvement on the tank is contemplated,

The'bwner'is presently involved in several business ventures

including the operation of another larger feedlot. Because
of this, little attention is paid to the feedlot,

Discharge of the stream reached a maximug of 3.2-cub1c
feet per second during the month of March which indicates
both the small basin area and the short lengtﬁ of the stream
(approximately three#quarters of a ﬁile), with the fourth

sampling station located at the junction of the study stream

and a larger stream which runs.tﬁfbughoﬁt the year, Station 

One i located 75 feet abo%e the'feealot while Station Two
is 50 feet downst#eém. Stations Threg and Four are a
further 0,25 and 0.5 miles below the feedlot,

~ Values for each of the measured characteristics, save
volatile residue, were higher at. this feedlbt than at ény of
the other feedlots considered in the study._‘In most cases,
there was a definite correlation between the location of the

feedlot (statlon Two) and the highest contaminant values

obsefved along the stream profile,

I
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Phosnhorus. for all the sets of observations, increased

from station One to Station Two and then decreased to Station
Four. Since there are no other sources of waste input and
there is little sediment present, it may be concluded that

the measured phosphorus has its origins in the feedlot ruhoff;
Values decreaSed on each sampling date from March to late May,
" Nitrogen, in the form of total nitrite and nitrate, shows
a decrease from Station One through Station‘Four with no
increase at Station Two. Land use is uniform from above
Station One to Station Three (non-manured, bare, corn fieid),i,
thus it is unlikely that dissolved nitrogen from field run- .
off caused differential effeots. Nitrogen levels shov no
uniform or significant decrease from the first to the 1ast
sampling date, The absence of N03 + NO3 increase at Station
Two 1s somewhat surprising in light of the increase in '

ammonia (NH4) at that point Since NH, breaks down chemi.

~cally into nitrite and nitrate in time, some No; + NOE\in-

crease might be expected C e

Ammonia shows a trend similar to that of phosphorus with
a low ;alue at Station One, a maximum on all dates at Station
Two, .and decreases to Station 1='our. There is a general de--
crease in . NHu values from March to May,

gggs. which may be more indicative ofﬁanimal waste
presence than any other me asurement used, shows a maximum‘on
each day at Station Two closest to the feedlot. Values then
decrease through Stations Three and Four, There is also a

decrease in values from March 20 to May 24,
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Volatlle residue, measured as a percentage of the total

residue. shows no correlatlon between maximum values and
feedlot location although values are lower downstream from

both Stations One and Two°

Bacterial analysis of a sample faken at Station Two on
May 24 showed a total coliform level of 2 »300/100 ml, and "
fecal collform level of 840/100 m1,

While the stream does not exhibit high nutrlent'levels”.
‘downstream from the feedlot, there is extensive dévelopmeht
of benthal material, Surface algae is absent duringVSummer,l

The values for all properties measured except nitrogen
clearly indicate that the feedlot is a source of runoff and
that the runoff has an adverse effect upon water quality,
.Waste runoff is indicated at Station Two in almost all
1nstances and the degree of contamination is greatest on

March 20,‘decreasing through the spring to May 24,
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Table 3

WATER QUALITY DATA
FEEDLOT NUMBER 1
Streah Discharge
March 20 3.2 ft.B/sec;
April 35 0.8 ‘
) May Z 003
" May 2 0.2
June 15 0.0
" Phosphorus (P) (ppm)
Sample Stations
Date 2 4
March 20 1 4,7
April 5 3.7 0.77
May 3 0.1 3 0.3
May 2 0.0 25 0.12
Nitrogen (NOZ (ppm)
Sample Stations
Date 2 4
March 20- 2 2,8
April 5 4 0.0
May 3 1 0.1
May 24 1l 0.02
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Table 3~.-Continued

WATER QUALITY DATA

FEEDLOT NUMBER 1

Ammonia (NH

(ppm).

Date

' Sample Stations

March 20
April 5
May 3
May 24

T O000
¢ © o o
HohoN
NOVVwO

Date

Sample Stations

March 20
April 5

Hay 20

3 4
0. 0.2
o,Z 0.1
0.6 0.4
0.2 0.2

(mg,/1)

3 4
13.5 3.5
1400 >7.7
15,0 4,0
Poo l‘.,o

f Volétile Residue as £ of Total Residue

-. Date

Sagple Stations

' L

March 20
April 5
May 3

May 24

15.77 14,16
23,27 22,52
29,98  28,ho
28,0 25,9
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3.2.2 Water Quality at Feedlot 2

This farm was selected because it is situated on the

crest of a hill, overlooking a small stream, Manure 1is
piled on the slope below the baran and 1t was thought that the
steep gradient (15), combined with the short distance to the
stream (100 feet). would result in sufficient runoff from the
stored manure to affect the quality of the stream.

| Station One was located 100 feet above the area of the
feedlot because the direction of drainage flow was not ob-
'vious.' Station Two was 50 feet below this area and Station
Three was. one-quarter mile below Station Two, A fourth
sampling location was omitted due to the junction of the
study stream with a duch larger drainage ditch, Several
factors could affect or mask runoff values at this feedlot
locaticn, the major ones belng a marsh area above Statioh
One, a small spring between Stations One and Two, and a
marsh area above Station Three.

- The owner of this operatlon has several sources of in.
come other than the feedlot; however, the sale of cattle con.
tributes significantly to overall income, The feedlot appears
to be operated in an efficient manner with adequate attention
paid to the comfort of the animals and cleanliness of the yard,

Maximum stream discharge at this site. was 5,9 cubic feet

per second measured on March 20, It was 1mpossible to take
any measurements ‘at Station Three on this date as the stream
widened below Station Two and was heavily iced, Discharge

dlminished rapidly through early April and reached zero by
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June 150

- Phosphorus values were variable throughout the spring

runoff period'with\no maximﬁm values ever recorded at Staﬁion
Two. ﬁaximum,values (5.3 =« 1,67 ppm.) were found in March |
with a decrease through April and May until only trace amounts |
(0.1 ppm,) were ebserved in late May., There was no obser-
vable cause for the high (2,67 ppm.) reading at Station Three
on April 5. .

Nitrqgen,levels; while being low, show an 1htereeting“
increase from Station One through Three 65 three of the four
sampling days. The fact that the maximum values_@o not Oceur
at Station Two suggest that runoff from corn fields which run
alongside the stream from the feedlot to Stetlon Three may
have eomeveffectron the level of nitrogen contained in the
stream, Certainly, the feedlot is not shown to be a signifi.
cant contrlbutor. At the low levels of concentration found
(0. 1. 3.0 ppm ), 1t 1s not surprising that a seasonal de-
crease is ‘absent,

Ammonia values showed no trend in con.entration and
never exceed tﬁe 1eve1 to be expected in uncontaminated waters,

2925 concentrations were low throughout the spring
period (O, 1 -1, i‘ppm ). Maximum 1evels were not related to
the location of the feedlot and there was only a slight
decrease in values from March until late May.

Volatile residue indicates no runoff from the feedlot,

On only one day, when no third station value was obtained,

was there a maximum reading located at Station Two,
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' Bacterial analysis of a sample collected at Station

Two on May 24 showed total collforms to be 90 per 100 ml,
and fecal coliforms to be 40 per 100 ml, |

Benthic deposits were not noticeable in this strean and>
surface algae was absent,

The measurements obtained from this stream indicate that
there 15'11ttle or no inferior runoff from the feedlot and
manure pilé'at this site. While the locaﬁion of the feedlot
and the storage of w&stes indicate that the potential for
waste runoff is significant, there are several factors which
may prevent any degradation of stream quality. Those factoré,
already mentipned (marsh and spring) are possibly 1mportanﬁ
as sources.of nutrient absorption and dilution respectively.
Surrounding fields downstream from thefféedioﬁ are fertilized'
-~ With manure which may result in higher readings some dis-
tance away from the feedlot, Heavy growths of reeds and
long grasses developed along the 1enéth-of the stream in
late sprihg and these may extract significant quantltles of
nutrie?ts from~the runoff entering thé stream and from the
stream itself, |

Thus, it -can be concluded that there is no stream
contaminat}dn,as-the'result of feedlot runoff and that

except for bacteria content, this is a relatively clean stream,
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Table &4

QUALITY DATA

FEEDLOT NUMBER 2

Stream Discharge (at.Station Two)

" March 20 5.9 ft.%/sec,
April 35 2,2
May 13; 0.95
May 2 0.7
June 15 0.0
Phosphorus (P) (ppm).
Sample Stations
Date 1 2 3
' March 20 5.3 1.67 Frozen
April 5 0.5 0,2 . 2,67
May g' 0,17 0.1 0.1
May 2 - Trace ( 0.1
Nitrogen (No; + NOE) ~ (ppm)
o Sample Stétions
Date 1 2 3
March 20 1.6 1.4 Frozen
April 5§ 0,58 1,6 3.0
May 3 0.58 0.9 1.0
May 24 0.4 1.8 2,2
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Table 4--Continued

WATER QUALITY DAT A

FEEDLOT NUMBER 2

Ammonia (NHZ)

:r(pPM)

Sample Stations
2

Date 3
March 20 .0.1 0,1  Frozen
e 2 SR

ay P - o ° °
May 22 0.1 0.1 0.1
BOD, (ng, /1)

Sample Stations

Date 1l 2 -3
March 20 0.9 0.7  Frozen
My 3 o3 03 1S

ay . ° ° e
May Zg 0,2»f' 0.2 1.1

'Vblatile Residue as % of Total Residue

Daté

Sample Stations
1l 2

3

March 20 9.8 18,9  Frozen
) April 5 21“.0 2303 2358
May 37.% 38,6 .7
May 24 - 24,3 22,5 - 25,1

60




61

3,2.3 Water Quality at Feedlot 3

- Since a domparison of the amount of runoff from feed-
lots locatedlin‘areas of dIfféring topography was one of the
goals of the‘study; this feedlot was selected as an éxample |
of a feedlot situated in an area of level topography with
‘heavy clay loam soil. The average gradient from this feedlot -
to surrounding ditches 1is twenty minutes, When the feedlot
was visited on March 20, there was a uniform snow cover of
approximately eishi inches and no runoff had yet occurred.
Sporadic periods of warm weather occurred between that date
and the date when samples were again céllgcted in that
region. The ditchesAat the later date (April S5) contained
only several inches of still water while the fields were
clear of snow and spotted with flooded patches, Aocording‘

| to thg owher. water had filled the ditches for several days
but it was common for them to empty rapidly and for the
fields to retain a large amount of molsture beyond the date
at which farmers in other areas could begin to work their ‘_
fields. Some fields within a two mile radius of the'feedloﬁ
were cémpletely flooded to a depth of up to one foot.
It is possible that under these conditions, waste both
in the vicihity of the feedlot and that spread on frozen %
fields remaihs to a large degree on the fields rathef than - o
running off in drainage ditches,
At no time during late spring or suﬁmer_did rainvcaﬁse'

runoff at this site and it is unlikely that such runoff

would occur during a summer with excessive rainfall,
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There is no water quality data presented for Feedlot 3

since both the volume and duration of runoff were of too

1ittle magnitude to collect samples. It seems highly un-

1ikely that livestock waste runoff from this feedlot occurs

in sufficient amounts to adversely affect the water quality

in area streams at any time,
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3.2.4 uater Quality at Feedlot &4

- This feedlot is 1n the same area as Feedlot 3 with
similar gradient and soil, However, the distance between
feedlot and stream in this case is greater by 100 yafds. The
feedlot is cleaned regulariy and manure is spread on adjacent
flelds when conditions permit, The ovner 1s unconcerned
with any thought of runoff from the feedlot to the stream
since the distance and slope 1nvolvediresu1t in standing
water around the feedlot,

Only two sample collection stations were used at this
feedlot because the study stream joins another stream
directly below Station Two, Station One was located 0,25
miles upstream from the feedlot in order td avoid any feed.
lot influence caused.by the level topography, Stream |
discharge vwas measured first'on April 5, because ncavy snow
and thick ice prevented measurement in mid March, For this
reason also, water quality data are'absent for March 20, '

Stream discharge on April 5 was 91,8 cubic feet per second,

Phosphorus values were consistently low (<0,.3 ppm,).
Thereiis no clear increase in conqeﬁtration from Station One
to Stétion Two, nor is there any decrease in level from .
first analysis date to last, .

Nitrogen levels are relatively cohstaht between the two
sampling points, 1ndicating no additional loading near the
feedlot - The nitrogen values clearly decrease through the
spring season from a maximum of 5 8 ppm.' on April 5, to a

minimum of 0.6 ppm. on July 18, This decrease through time
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in an area of corn culﬁivation with winter spreading of
| maﬁure suggests field runoff of nitrogen in soiution.

Ammonia is uniform in concentration at both points on
all dates with only one exception, The value of 1,8 ppm.
at Station Two on April 5 is at that location one would expect
a hlgh level, However, the value recorded 16 days later is
‘only 0.3 me._ This rapld change combined with the values: -
of Nog +’N0; on April 5..5.8 ppm. at Station One and 5.6 ppm,
at Station Two--suggest that the 1,8 ppm, value for ammonia
is questionable and may not indicate waste runoff

gggs levols are consistently 1ow and show no.change |
from Station One to Station Two. nor do they change signifi-
cantly through time, | _ '

Benth;c material was not present at eithef sampiins
point and surface algae ﬁas minimai. . |

It is apparent that there is no observable waste runoff
from this feedlot, Values for each of the factors measured
indicate that the distance of 300 yards and the lack of any
' gradient 1nh1b1t the flow of liquid from {he feedlot; that
nitrate values are derived from manure or commercial ferti-

lizor that has been applied to surrounding fields,
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Table §

WATER QU ALITY DATA

FEEDLOT NUMBER 4

Stream Discharge (at Station Two)

March 20 Frozen

April s 9.8 £t,3/sec,
May 2 2,0

May 2 bh.s

June 15 1,2

July 18 0.5

Phosphorus (p) (ppm)

Sample Station

Date 1 2
March 20 Frozen
April 3 0.07 0.27
May - 3 0.1 0.2
May 24 : - Trace
July 18 Trace

Nitrogen (N0; + NOZ) (ppm)

' . Sample Station
Date 1l 2

- March 20 ' Frozen .
April 5 5.8 - .6
May 3 3.0 3.6
‘May 24 1,2 1.1
‘July 18 S .8 »6
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Table 5--Continued |

WATER QUALITY DATA
FEEDLOT NUMBER 4

‘Ammonia (NHZ) (ppm)

: Sample Stations S
Date 1 2 . '

March 20 Frozen
April 5 0.2 1.8
‘May -2 0.2 0.3
May 24 0,2 0,2
July 18 . 0.2 0.1
BOD, . (mg./1)
Sample Stations

Date 1 2

March 20 Frozen
April 5§ 0.3. 0.3
~ May g 1.1 1.0
May 2 , _ 1.0 1.0
July 18 0.8 0.9

Volatile Residue’ o
as % of Total Residue |

Sample Stations

Date 1 2
March 20 Frozen
o s i
' ay ° 2 O

July 18 281 238
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3.2.5 Water guality at Feedlot 5

‘This feedlot 1is one of a group of three feedlots

'operated by the same man, In addition to his own cattle.

the owner also has a yard set aside for the care of bulls
belonging to other farmers in the area, The three feedlots
are located on the same étream but only the feedlot located
furthest upstream and closest to the streém was used be. -
cauée topograbh& and distance made runoff from the other
two feedlots seem uniikely although some of the results put -

this assumption into question, Station One was located

150 feet above the area of runoff, Station Three was 1ocated.

one-quarter mile below Station Two with a second feedlot
between the two stations. Station Four was one-quarter mile
below Station Three and below the Junétion with a small
stream which runs close to a third feedlot which is located
mofe than a quarter mile away from the study stream,

Stream discharge was 7.2 cubic feet per second in mid

March and decreased to zero by mid June,

Phosphorus values show an 1ncreése at.Station Two on
[4 ’ . ’ :
only one date. However, the values for March 20 and April s

show an 1nc:ease ih phosphorus level'through the length of

- the streah‘which may suggest the 'addition of phosphorus. at

the second and third feedlots or from other sources not

’relaﬁed to the feedlots, . The concentration of phosphorus

decreases through time reaching a trace 1eve1 (<.1 ppm,)

on May 24,

Nitrogen concentrations were similar in trends to those
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found for phesphorus. On three dates, there is an increase
doimstrean from the study feedlot indicating additional
sources of runoff. Nitrogen_values also deerease through"
time.tA

Ammonia concentrations are all quite low’although the
values at Station Four are slightly higher than those at the

r

other stations, Values of less than 0.3 ppm, using the

‘Hach analysis method cannot be considered indicative of

'waste’runoff.

BOD5 values are low (1 mg./1 or 1ess); however, there
is a slight increase at Station Four on three dates and an
increase throughout the length of the stream on one date,

While the above measures show higher levels at Station

Four, volatile residue is at its lowest level at this point

on each date, On each date there is a slizht 1helease,1n
percentage content at Station Two,

Bacterial analysis at Station Tvd.on~May 24 showed

total coliforms at 80 and feecal coliforms at 30 per 100 ml,

While there are indications that the feedlots along this.
stream have some effect on water quality, such effect is |
quite small, It may be that field runoff 1is of much greater e
significance than that of the feedlot sgince there ls algae

_present above the first feedlot as well as below it, There

1s also amorphic organic matter on the stream bed above )

Station One.
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Table 6
WATER Q U,A LITY DATA

FEEDLOT NUMBER 5

Strean Dischargg (at Station Twé)'

March 20 7.2 ft,3/sec.
April 5 2.8
. May 3 1035
May 24 0.8
June 15 0.0
Phosphorus (Pp) : (ppm)
. Sample Stations
Date - 1 2 3 . &
Mai‘ch 20 303 530 ' 70‘7 -
April 5 . 1.3 0.1 5.3 9.3
May 3 0.2 0,27 0.1 0.23
May 24 Trace
Nitrogen (No; + NOZ) (ppm)
. ‘Sample Stations
~ Date - 2 3 L
March 20 | 28 4,0 26—
April s .0 3.8 0 5.6
May 3 1.1 1.8 2,0 3.0
May 24 0.53 0.53 1.0 2,6
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Table 6..Continued

WATER QUALTITY DATA

FEEDLOT NUMBER 5

Ammonia (NH}) (ppm)

Sample Stations

Date . . 1 2 3 4
March 20 0.0 0,1 0,2
April 5 0.3 0.1 0.3 0.4
M&y z 00‘1 0.1 092 003
May ' 2 002 002 . 002 002

'BODS' (ng./1)
_ Sample Stations '
Date ' ‘ 1 2 3 L
" March 20 0.8 1.0 1.0 -—
April 5 _ 0.5 0.4 0,2 0.6
May 2 ' ' Oou 0.’4‘ oou 009
May 2 . ‘ 0.3 0.7.. 0,8 0.9

Volatile Residue asg % of Total Residue

Sample Stations

Date 1 2 3 b
March 20 11,2 11.4 12,5
April 5 29,2 31.1 - 30,2 26,8
May ’ 3 3809 . 3906 5001 : 3303
May 24 22,4 20,6

23.4 22,6
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3.2.6 Vater Quallty at Feedlot 6

This feedlot was of interest because large holding
ponds have been created by the owmer both above and below
the feedlot and thnre was a larger than average number of
cattle, The feedlot is part of an 1ntegrated operation with
two other yards--one for cows and calves and one for year-

; lings. Station One was located at the outlet of a pond up-
stream from the feedlot area., The water from this pond

flows a short distance to the nolding pond which receives
runoff.frOm the area of the feedlot, Station Two was 19cate&
at the outflow from this second pond, ,Stat1on Three was
three.eighths ofa mile and Station Four was_ three-.quarters
~of a mile below Station Two, |

Streanflow was only 5.1 cublc feet per second during the

' period of maximum flow and decreased to zero by May 24, The
small dlscharge and fapid decrease is caused in part b& the
holding pond which has a large capadity and confains'little'-
water prior to winter resulting in containment of much of

the spring snowmelt,

Phosphorus exhibits greatest concentrations on March 20,

the earliest date of analysis and decreases to almost trace
levels by May 5.‘ The level of phosphorus-in water leaving
the outlet of the pond is not high on any date and suggests
~ either an absence of phosphorus 1n runoff from the feedlot
or the effect of containment by the pond, The value of
15.0 ppm, at Station Three is likely the resnlt of chemical

1nterference.-




| : 72
Nitrogen concentrations show a distinct trend on each

‘date of sampling, Maximum values were obtained at Station

One and decrease ddwnstream to Station'Four. Only on May 24
was there an exception with a maximum value recorded at
Station Two, The level of nitrogen also:decreases throush

the spring season, The maximum values found at Station One

‘may be accounted for by the combination cornfield and pas-

ture above the station,

Ammonia values are similar to those of nitriteeniurate
with reSpeet to the locations of maximum and minimum readings.
Station One waa again the site of greatest concentration and 
Station Four the site of least concentration., This supports_
the contention that cattle using the upstream pasture affect
the quality of the stream, Ammonia values also decrease |
through time, altnough the concentrations found en the fzna1'
date of sampling are relatively high--0,9 and 1.é Ppm, at |
Stations One and TWOArespectively;

2925 is at a maximum at either Station One or Station
Two on each day and decreases to minimum levels at Station
Four, IAs with most other feedlot sites, there 1is no clear
trend of ehange of BdDS 1evels‘from%one day to another
through the seasono

Volatile residue levels in this stream support some of

those trends found with the other measured stream charac-
teristics.~ Maximum values are found at either Station One
or Two on each date. decreasing to minimums at Station Four,

The values obtained for this stream indicate that there

is a relationshipvbetween the highest values recorded and
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either‘the présence of cattle or the impoundment of runoff

or:a.cémbination of both, 1In theholding pond at Station

Two, there arekalgge aroun& the perimeter and amorphic
organic matter covers the bdttom. In the pond above Station
One, there is amorphiec organlc matter on the bottom but
algée are almost absent. The streanm below Station Two flows
through occasionally used pasture land, contains little ’

algae, and no benthic accumulation is vislble
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Table 7

WATER QUALITY DATaA
FEEDLOT NUMBER 6

Stream_Discharge (at Station Two)

March 20 5.1 ft;3]sec.‘
April 5 1.9
May 2< 0.3
- May 2 0.0
- Phosphorus (p) (ppmi
Sample. Stations
Date 2 3 4
- March 20 1.0 1.0 15,0 3.0
April 5 30? 0.23 0073 105?
May 3. _0.37 0. 0.13 0.03
~ Nitrogen (NO;'+ NQ;) (ppm)
v ' Sample Stations »
Date 1 2 3 k. -
March 20 3.0 1.6 1.2 1,2
April 5 2:2 1.4 0.18 0.7
0.22 0.9 0.34 0.18

May 3

74
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Taﬁle 7--Continued

"’ ' _ WATER QUALTITY DATA

. . FEEDLOT NUMBER 6

Ammonia (NH;) . (ppm)
. Sample Stations
Date 1 2 3 L
March 20 13 0.9 0.9 - 0.7
April 5 0.5 0.4 0.6 ‘o.b
May 3 0.9 1.2 0.4 0,2
’& | 7 BOD, o {mg./1)
| ’ : Sample Station
Date 1l 2 3 .
March 20 3.7 5.0 4,4 3.2
April 5 2,5 2,5 2,0 1.4
May 3 3.3 3.0 1.6 1.9

Volatile Residue as % of Total Residue

Sample Stations.

Date 1 2 3 4
March 26" 24,9 29,0 23.3 16.8
April 5§ - 38,1 by, 8 41,6 37.8
May 3 4g. 4 26,1 15.5 13.1

75
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3.2.,7 vater Quality aﬁ'Fgedlot ?

This feedlot, as with Number 6, is one of three yards
operated by tﬁe owner, It is used for ‘finishing® feeder

cattle while the other two are for calves and yearlings,

- The feedlot 1s cleared of waste only when the cattle have

dlfficulty.moving about in the yard, Manure in a liquid

-state forms flows which extend half the distance from the

feedlot to the streanm during early spring. Drainage tile
from thHe feedlot facilitates the flow of liquids to the
stream bank and the outflow can be seen entering the stream

in mid March Station One was located 75 feet above this

point of waste entry; Station Two was located 50 feet below :

it; and the other two stations were one-quarter and one-half

mlle further down«tream. .

Streamflow was 62,0 cubic-feet'per second on March 15

and decreased to 2,4 ¢.f, s, on July 16, The stream under
normal conditions, flows throughout the year,

Phosphorus levels are highest at Stations One and Two

and decrease to low levels. (¢1ppm,) downstream. There is
also a decrease in concentration from March through July,
On three da@es. the ievel of phosphorus at ‘Station One is
greater than 1 ppm, This is caused neither by 11vestock
waste nor field runoff as the upstream region is almost
entirely marsh and woodland,

Nitrogen levels are also higher at Station One than at

Station Two and cannot be accounted for by agricultural or

livestock runoff, There 1s no trend toward lower values
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downstream from the feedlot, It is possible that fertllizer
on.cOrnfield'that borders the stream below Station Two con-
tiibutes nitrogen and thus sustains the nitrate level,

Values decrease in May at sll stations and remain low
through summef. | |

éggggig'has higher than normal values on only two dates
with maximums at either Station One or Station Two, Values f
decrease on each succeeding sample date, reaching trace |
levels by early May.

BODS values are relatively low and vary little either.»l
from one station to another or from one date to the next,

Bacterlal analysls shows the presence of 280 fecal

‘coliforms per 100 ml, sample on March 15, This decreases

to 30 per 100 ml. by May 24,
Thls feedlot, when viewed during March and April. shows-"
visible signs of waste runoff, However, the values obtained
for each of the measured characteristics show no such waste
pollution occuring, Not only are measured values low, dbut
obnoxious benthic deposits 1nd1cat1ve of waste pollution are.
also absent and surface algae is present only in small
amounts both above and below the feedlot' The sole indicator
of waste presence 1s the fecal coliform level of 280 .per
100 m1, on March 15, This decresses to 30 per 100 ml, by .
May 24, ' '
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Table 8

WATER QUALITY DATA
FEEDLOT NUMBER 7

Stream Discharge (at Station Two) |
62,0 ft./sec.

March 15 :
March 29 45,0
April 30 16,2
May 16 B 9% |
July 16 2.4
Phosphorus (Pp) (ppm)
: Sample Stations
mnnate’ -1 .2 3 A 3
March 1§ 1.3 1,0 0.0 067
March 29 3.3 3.0 0.67 0.0
Aprll 30 105 1057 000 0.13
- May 16 0.03 0.03 Trace
July 16 Trace :
Nitrogen (N0; + No;) (ppm)
Co Sample Stations
Date 1 2 3 4
March 15 1.2 1.8 2,2 1.2
Mal‘ch 29 202 2.0 1'2 ' loo
April 30. k.3 0.3 0.34 0.52
May 16 0.28 0.22 0.18 0.54
0.26 0.24 0.21 0.40

July 16

B
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July 16 36

- Table 8--Continued
WATER QUALITY DATA

FEEDLOT NUMBER 7

-+
Anmonia ‘(NHQ) . (ppm)
S ‘ : Sample Stations.
Date . - B 2 3 4
- March 15 0.8 0.6 0.5 0.3
-~ March 29 0.2 0.6 0.2 0.
- April 30 .0.1 0.2 0.1 0.
‘May 16 Trace ( 0,1)
July 6 v | Trace
BODS —.(mg./1)
S Samﬁle Stations
Date 2 3 4
March 15 . 0.7 15 1.2 1.0
March 29 1.3 1. 1.5 1.3
April 30 0.9 0.9 0.8 0.9
May 16 0.9 1.0 1.2 0.7
July 16 1.0 1.1 0.8 0.6
‘Volatile Residue as % of Total Residue
Sample Stations S
‘Date 1 2 3 L
March 15 4.1 50,6 37,9 363
March 29 36.0 30.9 30.7 40,4
April 30 38.8 43,5 43,2 45,3
‘May . 16 42,2 52.4 51,3 49,3
4 39.1 3?o7 bo.2

79
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3,2.8 _Water Quality at_Feedlot 8

' .The stream at this site was selected.beceuse of the nigh
probability of waste content present and the likelinood'that
observable decreases in nutrient content would occur in the
stream before.it Joined the Grand River, The stream is |
created each spring as the result of surface rcnoff from
| cultivated flelds in the area and tile drainage from both the
fields and the feedlot Thus. the first sampling site on the
stream is located below the feedlot and is labelled Station
Two, Stations Three and Four are located at quarter-mile -
intervals downstream, the Fourth being at the junction of the
stream with the Grand. River. |

Stream discharge is small due to the area of the water-

shed , havlng a maximum of cnly 1.4 c.f, 8, on March 14 and
decreasing to zero by April 30. The short period of stream-
flow resulted ln samples being taken on only two dates, |

Phospnorus values are consistently.high with a maximum

of 18,3 cpm. at Station Two on March 29, There is an increase
in. concentration at tvwo stations on the second date of
sampling. Values are erratic from one station to the next

on both dates.,. ‘

- Nit rogen values duplicate those of phOSphorus with re-
gard to 1ncrease and decrease at each station, although there
i8s a general decrease in concentrations at each station on
'the second sampling date,

Amuonia concentrations are positive indicators of

animal waste presence and are at a maximum at Station One
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and Two on each date, .It is unfortunate that the method of

analysis used provides a maximum of only 3 ppm., since it was
clear that some samples were far in excess of that level,
The concentrations measured support the nitrogen findings and

also show the effect of time and distance with values de-

'creaslng to only 0.6 and 0.8 ppm. in the second quarter mlle.

A

These concentrations of ammonia mey be the cause of erratic -

values of nitrite—nltrate nitrogen since the breakdown of

NHu will produce 1ncreases 1n the level of N03 + NOZ,

BOD5 for Mareh 15 was 1n excess of the range of analysls
at all three stations, thus no- downstream deerease in coneen,
tration can be observed On March 29, dlluted samples show
a maximum of 12,0 mg /1 at. Station Two, decreasing to
3 mg /1 et Station Four, The difference betueen the ‘values
at Station Four on March 29 and March 15 1ndicate that all of
the values recorded on March 15 are oonsiderably in excess
of those found on March 29,

Volatile residue values are similar to those found at

‘other feedlot sltes representing approximately oneuthird of

total residue. Due to the short period of streamflow, there
is neither benthic material nor surface algae present,

Bacterlal analysis of a sample teken at Station Two on

March 15 showed a total of 60,000 coliforms rer 100 ml, and
18 Qoo-fecal eoliforms per 100 ml, It is clear that waste

from the reedlot is present in large concentrations and that
the water 1s unfit for either agricultural or livestock use,

While the bacterla content of this water 1s extremely high
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and nutrient levels are moderate to hi'gh'f‘or a stream in an
agricuitﬁrajl éfea. it has already been pd.inted out that this
stream is the sm‘al'.vles.t .of' thqs,e studied and origi-nates in
and around a feedlot recelving farm runoff exclusiveiy. |

Y

N




83
Table 9

WATER QUALITY DATA

FEEDLOT NUMBER 8

Stream Discharge‘.(at Station Three)

March 15 1.4 ft.3/sec.
March 29 T 0,2
April 30 0.0
Phosphorus .(P) v .. (ppm)
: :Sample Statlions
"~ Date 1l 2 3 . 4
March 15 R 8.3 8.7 4,3
March 29 | — 18.3 6.67 11.0
Nitrogen (NO} + NOZ) (ppm)
- . Sample Stations
Date 2 3 L
MarCh 15 = 9'2 1000 706
March 29 emomeo 800 ) 302 601"
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Table 9--Cont1nued

WATER QUALITY DATA

' FEEDLOT NUMBER 8

)

Anmonia  (NH, (ppm)
. Sample Stations
Date . 1 .. 2 . 3. R
March 15 — »3.0 3.0 0.6
March 29 e »>3.0 >3.0 0.8
| BOD, S (mg./1) -
' Sample Stations
Date , 1l 2 3 R
March 15 — >6,8 = >6,8 >7.4
, March 29 — 12,0 - 10.0 3.0

Volatile Residue as % of Total Residue

Sample Stations

‘Date 1 2 3 4
March 15 —  19.2  36.0 30.0
March 29 b 3708 3706 3600
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3.2.9 Water Quality at Feedlot 9

This"feediot ﬁes of interest because the owner was very
concerned that liquids leaving the feedlot were-reaching the
stream 120 yards distaht and»had attempted tq hold all of
the waste solids behind wooden bafriers, At the same time,
drainage tile in the cornfield between the feedlot and stream'
facilitated the movement of 1iquids on the field to the
stream, On the first day of sampling, the feedlot was flooded
to a depth of more than one foot and both liquids and solids
could be seen flowing Lhrough the barriers which had been -

erected.
- " The land in this area is quite flat and almost all of
it 1s used for the growing of corn. Because of'the topo-
graphy, Station One was located 50 yards upstrean from_the_
feedlot. Station Twe was located 75 yards: below both the
feedlot and the outlets of the drainage tile, Station Three
weS'aEQuarter mile'further'downstream. A fourth station y
- was omitted due to the junction of the strean with a larger
drainage ditch° |

Stream discharge decreased from 212,0 ¢.f.s, on March 15§
to 1.2 c¢.f,.8, on July 16, However, the small discharge
during summer 1s mainly the result of decreased current, |
rather than a small strean cross-section. The level topo-
graphy and elay_loem soil result in the persistence of a

relatively large stream with almost zZero current,

Phosphorus is present in notable amounts only during’\

March, with only trace levels found after that. There is no
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vindicatlon that the feedlot contributes to the nhosphorus
level, 1Indeed, the level at Station Two is lower on each day
than the levels found above and ‘below the- feedlot
Nitrogen values are low‘(<1 7 ppm. )-and also show no
mindications of runoff from the feedlot, However, on. each date
there 1s an increase 1n values from Stations One to Three._
This is 1likely brought about through runoff of nitrogen from’
the surrounding fields. '
Ammonia is notably present from March 15 through
April 30, after which time it decreases to minimal levels,
There is no indication of ammonia runoff-from the feedlotéf_
BODs 1s the sole indicator that the feedlot exerts h
some effect upon stream quallty,‘ On‘four of the'five sampling
dates, BODS values increased in the areca of'the'feeulot and
then decreased farther downstream, The amount of variatlon
is Small (O 1. 1,1 mg, /1).4however, the trend is consistent
over a five month period, '

Bacterial analysis showed counts of 860 total and 3bo

fecal coliforms at Station Two on March 15 which also suggests
the runoff of waste water from the feedlot. Fecal coliforms
on April 30 had decreased to only 10/100 ml. as surface
runoff ceased,

After Aprii, surface algae began to form along the.
length of the stream and became dense 1in places by July, In
vareas of slow moving water, there were light coverings of
. benthal material across the bed of the stream,

Stream quality at this site 1s good 1n all respects
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except bacterial content., As with all streams, the highest
- values ére.recorded'during March when surface runoff from
all sourceé énter the stream and, along with benthic load, 1is
flushed frbm the area. The consistent presence of maximum
BOD5 yalugs at Station Two, along with a large number of
fecal coliforms indicates that 1iquid waste from the feedlot
does enter the stream but with 1little erfeét on overall -

stream quality,
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Table 10

WATER QUALITY DATA

FEEDLOT NUMBER 9

Stream Discharge {at Station Two)

March 15 .212,0 ft.3/sec.'
March 29 - 172,00
- April 30 32.0
May 16 6.0
July 16 1,2

Phosphorus (P). - = (ppm)

Sample Stations
.2

. Date - 3
March 15 11.7 1.0 3.3
March 29 2,0 - 1,67 5,67
April 30 0.0 0,07 0.13
May 16 - : Trace ( 0.1)
July 16 T ‘Trace

Nitrogen (No; + No;) i (ppm)

Sample Stations

Date . 1 2 3
March 15 1.0 1.0 1.1
March 29 1.4 1.4 0 1.7
April 30 0.2 0,22 0.26
May 16 0.24 0.18 0.3
July 16 0,18 0.2 0.24




"Table 10--Continued
WATER QUALITY DATA

FEEDLOT NUMBER 9

Ammonia  (NH}) - (ppm) -

: v Sample Stations

. Date . l 2 3
March 15 o.g o.g 0.4
. April 30 ‘006 005 006
" May . 16 0.1 0.1 7 0,1
July 16 0.1 0.1 0.1
. B'OD.S . .(mg./l)

, Sample Stations
Date 1 2 .3 .
March 15 1.0 1.8 1.1
March 29 0.8 2,0 0.9
April 30 0.7 1.0 0.7
May 16 1.5 1.2 1.7
July 16 1.1 1.3 1.2

Volatile Residue as % of Total Résidue

Sample Stations

Date 1 2 .3
March 15 3803 36-5 5504
March 29 34.8 35.5 32,8
April 30 56,4 80.1  53.6
May 16 : 23.“ 20.5 33-1

) 2.5 0.3 ] 508

July 16
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3.2,10 Water Quality at Feedlot 10

This feedlot contains fewer cattle than most others;
-however, it was one of the few feedlots with & soil rather
than a concrete floor and it also abuts the stream channel.
The major interest on this farm is cash cropping of corn.
with cattle providing a small portion of the total inconme,
Neverthelese, the feedlot receives adequete attention with
waste removed to the lower end of the yard to provide a clean
floor in the immediate area of the barn, . :

. The stream at this site is similar to that at Feedlo§;9v
in that it flows through an area of level topography and
'cornfield borders the stream for several miles both up and
downstream from the feedlot Station One was located 60 feet
upstream from the feedlot; utation Two was 100 feet do"nctream
and Stations Three and Four were one-quarter and one-half
mile below the feedlot., No sample was collected from
Station Four on March 15 because'a large volume of water =
from another drainage ditch was running into the study

stream below Station Three on this date,
; .
Phosphorus values are at noticeable levels on only the

first two dates with high readings recorded at Station Three
and Four on March 29, ' '
Nitrogen concentration 1ncreasesvslight1y at Station
Two on all of tne_sampling dates and indicates the preeence
of'nitrite or nitrate running into the stream from the feed-
lot, The maximum nitrogen level (2,6 ppm.) was recorded on

March 15, the‘first'sampling date, and while the level is'
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‘reasonably constent throughout the study perioe, there is a
gradual decrease of 0.6 ppm. from the first date to the 1ast‘

_ Ammonla values are qulte low even at their maximum .
(0.3 ppm,) but two trends are apparent, There is a decreaee"
from Station bne through Stetien Four on two of the four - R
days with the other two days shewing constant 1eVeis, There
1s also a decrease in values through time, -

BOD; 1s reesonably constant in value from one date to
the next although not alwa&s at the same statione.  Values :
are lowest either at Stat;on One or Station Two on each date
'and‘inerease downstream from those points with maximum vaihes.
found at Station Four on each date, The maximum value re-
cq:ded was'l,S_hg./l and indicates only light eontaminatiqh.

Bacterial analyses were made of two samples. These

sﬂowed total coliforms of 1,700 and fecal?colifo;ms of
730/100 ml, on Merch-ls which decreased to 280 and 10 on
April 30. This amount Of“bacterie. ﬁartieularly of fecal
type, 18 a strong indication of waste from the study feedlot
altpough it decreases rapidly throughfthe season, Surfacef
algee:;ppeared 1plm1d|May,gﬁd grew to cover what remained ef
the stream in June, Benthic material was not visible, A
It would'aphear that both BODg and bacterial analysisv
confirm the fact that livestock waste does enter this stream
from the feedlot, and that the 1eve1 of fecal contamination

during March makes the water unfit for any agricultural use,

All measures other than bacterial, however, indicate only

slight pollution and little connection between such pollution -

and the feedlot




Table 11
W A_T ER QUALITY DATA

FEEDLOT NUMBER 10

Stream Discharge (at Station Two)

March 15 k2.0 ft.3/sec,
March 29 17.1 :
April 30 - 7.1

0.0

July 16

(rpm)

May 16

Phbsphorus (P)
_ o Sample Stations

Date = _ 1. .2 3. . 4.
March 29 ‘ 0.9 0.7 5.0 16
- April 30 0.3 0.2 0,0 0
May 16 0.0 0.0 0.0 0

‘Nitrogen _(No; + No;) (ppm)
: Sample Stations -

Date 1 -2 3. L
March 15 2.2 2,6 2,6 o
March 29 2,0 2,2 2, 2,4
April 30 - 2,0 2,2 2,2 2,1

1.6 2,0 2,0 2,0

e o o
OO~
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Table 11--Continued
WATER QUALITY DATA

FEEDLOT NUMBER 10

‘ | _ . | |
Ammonia (NHu), (ppm)

T Samble Stations
Date S | 2 3. 4
" March 15 ©.. 0.3 . 0.3 0.2 —
April 30 A 0,2 0.0 0.2 0.0
May ' .L6 001 Ool .0.02 001
BOD, A - (mg.,/1)

‘. ' Sample Stations'
Date ' 1 2 3 L
March 1§ ° 0.6 1.1 1.4  ——
March 29 0.9 1.5 1.4 1.4
April 30 0.6 0.6 0.8 1,2
May 16 “1.,0 - 0.9 1,2 1.2

Volatile Residue as % of Total Residue

. ‘ : Sample Stations
Date 1 2 3 b

March 15 27. 35.7 29.4
March 29 23,2 22.1 18.3 19.0
April 30 34.4 31.3 k2,7 42,6
51.2 kg,1 53.0 hy,s

May 16
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' 3 2. 11 Water ﬁuality at Feedlot 11

This is one of the most efficiently r™an feedlots found'
in the study region. Large investments have been made over
the paqt several years on new feeding facilities. barn and
silos, Cleaning of the yard is carried out several times a
week with the waste removed to a flat area avay from the slope
to the stream, 1In Spite of the regular cleaning, liquids A
can be seen flowing half the distance to the feedlot during

March There are several lines of drainage tile in the -

'field between the feedlot and stream and these likely facili-

‘itate the movement of waste liquid to the streanm,

The stream runs through cultivated fields (mostly corn)
for several miles above the feedlot Station One was 1ocated

0.20 miles above the feedlot in order to avoid any contact

- with yard wastes .running ofr through drainage 1ines. Station

Two was 200 feet downstream from the feedlot and Stations

. Three and Four were 0,25 and 0,5 miles below the feedlot

Between Stations_Three and Four, there are ten homes with
septio tanks near the stream, These homes are a potential

source of sub-surface sewage movement

Phosphorus was present in the stream samples only on}

- March 11 and.March 29, 'Following March‘29. the concentration

~of phosphorus drops to zero at all stations. The values '

found on both March 11 and 29 show the lowest concentrations‘

at Station one . increases beginning at: Station Two and

. reaching maximums at Station Three and then decreasing at

Station Four. The levels are higher than those found at
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emoot other sites and certainly much more ordered, 1nd1cat1ng
the strong influence of the feedlot It 1s 1nterest1ng'to
note that the decreased values round on March 29 are unlform
through the length of the stream.

‘ Nitrogen values vary between 2.0 and h.z pPpm, and show
no tren&s througn either Spece‘or time, Where phbsphorue  '
reached zerOvin April. nitrogen remained'in the stream.at a
constant level through the lest date of analysis, ‘Land;use X
ranges from cornfield at Stations One and Two where manure
'and commerical fertlllzer are applied to woodland at Station
Three and residentlal at Station Four, . |

Ammonia values were relatively high (0,7 - 1,2 ppm, ) at
three statlons on March 11 and at one station on lKarch 29.
There is no connection between these high values and the :

1ocation of , the feedlot, All values after March_29 are in

‘3 the low 'clean' water range. f'.

BOD5 concentration is greetest on the first sampling
date and decreases thereafter., Maximum concentrations are
above average for the streams studied and occur in places

t
of fleld runoff as much as in the livestock region of the

strean,

Bacterial analysis of a sample collected at Station Two

‘on March 11 showed 76,000 total coliforms and 2,000 fecal
coliforms per 100 ml, By April 30, these figures had dropped
'to 3,000 and 60 respectively.. These. however, are still

. beyond the recommended limits s°t for water for asrlcultural

and livestock purposes by the Mlnistry of the Environment
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:thinglnay‘and'Jﬁne there‘waS"no .hoticeable build-up

of benthic materielz however. algae vas dense throughout the
1ength of the stream. | |
, Obviously, there is farnm runorf occuring in the area of
'thls feedlot The factors measured 1ndicate that both fleld
runof f (nitrogen, BOD5) and cattle wastes (phosphorus._
v'baoteria) are contributing to inferior water quality, - Values
other than bacterie. however, ‘are not excessive in terms of |
,water quality standards set for agricultural use by the

";Ontario\Ministry of the Environment,



 Table 12

WATER QUALIT Y DATA

FEEDLOT NUMBER 11

' Stream Discharge (at Station.Fbur)

May ' 16

 March 11 - 139.0 ft.j/sec.
March 29 - = sho
- April 30 o 9.8
C July 16 0.0
Phosphorus (P) (ppm)
" Ssample Stations
. Date: -~ 1. 2 3 -y
S Mareh 1l 6.0  7.67  15.0  12.7
Mal‘ch 29 ) 600 6.3 14;0 . 11.7
April 30 ' 0.0 0.0 0.0 .0.0
May 16 0.0 0.0 0.0 0.0
_,NitrOgeh’ (NO; + No;) (ppm)
o Sample Stations
~ Date’ SR ¢ 2 3 4
' March 11 - 3.9 3.0 2,8 3,0
April 30 2,2 2,0 2,1 2.4
b,2 3.2 3.4 2.8
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‘ Table 12¢-Cont1nued

WATER QUALITY DATA

FEEDLOT NUMBER 11

Ammonia '(NH,:) - (ppm)
- Sample Stations
.. Date - 1 T2 3 h
Mal‘ch 11 0.9 Oo? 003 008
March 29 ‘ 0.2 0.2 21,2 0.1
"April 30 o 0.1 0.2 0.2 0.2
May 16 0.3 0.3 0.2 0,2
'_BQDSL (mg./1)
B Sample Stations )
Date 1. 2 3 b
March 11 - 4.7 5.3 3.5 3.1
March 29 1,6 l.g 2,2 3.5
April 30 1.3 1., 0.6 0.5
May 16 1.5 . 0','7' 006 Oo6
i ‘Volatile Residue as % of Total Residue
o ’ Sample Stations
Date 1 2 3 O h
March 11 18.7 ’ 18.4 19.2 2006
- March 29 3.7 32,9 32.0 25,0
April 30 43.5 " 37.4  Ls5.6 42,5
May 16 38.9 39.2 b2, 4.

38,2
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3.2.12 Water Quality at Feedlot 12

As with several otner feedlots in the study, this feed.
lot ves situated on the banxs of 8 relatively small stream
(48, 5 c.ft, s. max, ). Althoush manure is scraped from the .
yard resularly, it is left near the stream. Several factors
exist at this site which nay confuse any study of . runoff
_Station One was located 200 feet above she feedlot in a
stretch,of fast flowing water. Station Two was situated
0.25 miles downstream from the feedlot and in a broad slow o
flowing and marshy area, The location of Station Two was
‘placed here ‘because a second. smaller feedlot was located
'below the study feedlot and, although it 1s set a considerable
.‘distance back from the stream, any runoff from it had to .
enter the stream above Station Two, Station Three was
tlocated O.?j;mileSubelowrStation'Two and at the lower end of
the marshy.area, Station Four was a.further 0.25 miles
downstream, .Pasture'borders the stream and marsh from
Station.One to Four, AAs time passed ‘at this site, there
was anfinorease in the growth'of marsh biota and a decrease
ln current--a situation with great potentisl for affeoting

nutrient values.

. Phosphorus was found to be present in Significant amounts

on only the first two sampling dates after which the concen-
tration fell to zero 1n almost all 1nstanoes. The values
found on March 11 show an increase at Stations Two and Three
. and a. decrease at Station Four, Values'for March 29 are .

erratic with no relationship to the feedlot (Station Two)._'
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'Nitrogen.concentrations on each date show no feedlot
influence and the ranking of station values changes from one

date to the next It'is clear that there is a decrease in
Aconcentration after March 29 to very low 1evels.

Ammonia shows significant levels only during the month
of March when the highest readings vere found at Stations One
and Two. There is a decrease through the marsh and a slight
increase again on one date at Station Four in a pasture area.v

. B°D5 also is at maximum levels during early March and
shows an increase_below the feedlot and a decrease below the
marsh Values decrease after March to insignificant lcvels.-

| There is very little indication from the values obtained
that the feedlot exerts any influence upon this strean, Nor
can it be said that the marsh area consistently absorbs or
adds nutrients to the stream since, for each factor measured,
the ranking of concentrations along the stream change at
each station from one date to the next,

However,»while this feedlot appears to hare no effect_on |
streanm quality according to the above: characteristics.

bacterial analysis . showed the highest concentrations of

coliforms found in any of the studyistreamsz-izo,ooo-total
coliforms/loo'ml. and 30,000 fecal coliforms/100 ml. These
levels,jfoundiat Station'TWO'on March 11, are positive
indicatorS'of livestock'waste drainage, A second sample
analyzed on April 30 showed decreases to 1 000 total and
30 fecal coliforms/100 ml,

,According to the values obtained for each_characteristic.
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it appears that the feedlot has little effect upon water
quality save for the runoff of bacteria, Bacteria, however,
is present in extreme duantities in early March and poses

a definite health threat to man and animals,




" WATER QUALITY DATA

.. FEEDLOT - NUMBER 12

- Sﬁr%amfﬁischéigéi(ét Station Two)

March 11 48,5 ft.B/Seca
' March 29 22.4
April 30 11,

May

6.0

July 16 1.8

Phosphorus (P). (ppm).

Déte |

. Sample Stations
1 .2 3 . 4

March 11
March 29

April 30

May 16 .

July 16

OO OO
® o ® © o

QWwWo FO
Q
=l ~3
OCOO0OMD

'N}tfogenA (NO3 + NOZ) (ppm)

e e ¢ o
QOO

Datei

Sample Stations
2 - 3 L

=

March 11
March 29
April 30
May 16

July 16

OO O KW
© ¢ o o e
QOO NN
¢ ® o o @
DLW NO
N N

OHONO
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Table 13--Continued

WATER QUALITY DATA

- FEEDLOT NUMBER 12

<

Ammonia (NH,) (ppm)

Sample Stations

. Date N 1 2 3 4 .
March 11 1.5 1.6 1.0 0.4
March 29 O.ll' 003 0.0 002
April 30 0.2 0.1 0.2 0.1
July 16 0.1 0.1 0.1 0.1
BOD, . (mg./1)
: Sample Stations c

Date 1 2 3 A
March 11 1.3 3.8 1.1 1.4
March 29 0.7 0.5 1.3 o.4
April 30 0.5 1.8 0.5 0.3
May 16 0.1 0,2 0.2 0.1
;July 16 0.1 0.1 0.2 0.1

Volatile Residue as % of Total Residue

Sample Stations

Date 1l 2 ' 3 73
March 11 31.6 17.2 14,9 - 24,9
March 29 36,2 32.5 23.8 31,1
April 30 44,2 41.0 39.8 39,
May 16 35.1 18,7 20.5 22,6

3307 . 2002 1901 20.7,

July. 16
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3.2,13 water Quality at Feedlot 13

This feedlot. unlike others that have been adapted from
mixed farming Operations, was constructed solely for the
purpose of finishing feeder ‘cattle, To facilitate care of:"
the yard, features such as a sloped concrete floor with drains
and raised platform for the scraping of wastes directly into
spreader or truck have been built into the feedlot. Obvious,
too,'is the interesti0£-the owner in frequent and safe dis«
posal of wastes. The feedlot floor rarely has more than
several inches of waete on it and during winter, manure is
spread'on*those'fields farthest from the strean,

fThis stream 1s the largest of those selected for the
project and.aoeurate measurement of discharge during March
was difficult due to fast current and ice conditions. Be-
‘cause the point of potential waste entry was diffioult to
_determine, Station One was located 1,000 feet upstream from
the feedlot and Station Two was 200 feet downstream from the
feedlot, Stations Three and Four were located 0.25 and 0.5
miles downstream from Station Two., No sample was taken from
Station Four on March 6 becaasexan area of 30 acres was _
flooded at that point. Ammonia:and BODs were not analyzed
on March 6 as the laboratory equipment was not available,

Values recorded at this site for phosphorus, nitrogen,

ammonia, and BODs were low even on the first date of analysis
and indicate no runoff from the feedlot or any other souroe
,that degrades the quality of water at any of the stations,

Phosphorus and-nitrogen show irregular variations within a
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low range and there is also a decrease at this low range from

“March 6 to July 20, Ammonia and B0D5 elso show 1rregular 

variations at a low level of concentration, however there. is

no decrease through time,

Bacterial analvsis chowed total and fecal coliform covnts

of 52,000 and less than 1,000 per 100 ml, respectively on
Mafﬁh 6. These measures decreased to 300 total andvless than
ten fecal on March 27, More accurate measures of.fecal o
coliforms were not made due to apparent laboratory prioritieé
and time restrictions on this date. |
In addition, the stream 1s aesthetically attractive
withAno visible benthic accumulation and an almost entiref
absence of glgae. Subsequent to the heavy runoff during |

March and April, the water is clear and fish are present;'
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Table 14

WATER QUALITY DATA
FEEDLOT NUMBER 13

Stream Discharge (at Station Two)

"March 6 >400,0 ft.3/sec.
March 27 376,0
April 25 119.0
May 10 53.6
July 20 : . 1102
Phosphorus (P) : (ppm)

Sampig Stations

_Date 1 3 . b
March 6 | 203 200 300 o .'VI
~ March 27 0.6 0.23 0.13 0.9 i
April 25 0.43 0.27 0.37 0.17 !
May 10 0.0 0.0 Oa3 0.0 /

July 20 0.0 0.0 0.1 0.0

Nitrogen (NO5 + NOZ) (ppm)

. . Sample Stations

Date ' ) 1 2 3. L

March 6 1.2 1.0 1.2 —

March 27 1.0 5,2 0.66 0.58

April 25 0.56 0.5 0.38 . 0,52

- May 10 0.26 0.27 0.26 0.34

July 2Q 0.12 0.1 0.19. 0.14
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Table 14.-.Continued

"WATER QUAL ITY DATA

FEEDLOT NUMBER 13

+
Ammonia  (NH,) (ppm)
' - Sample Stations
Date 1 2 3 o
March 6 e
’ March 27 oo_l Ooo ° 002 001
April 25 0.1 0.1 .0,2 0.2
May 10 0.2 0.2 0.2 0,2
July 20 0.1 0.2 0.2 0.1
. BODS (mg./1)
t ' Sample Stations
Date 1l 2 3 R
March 6 . . —
March 27 @ 1.2 0.6 0.7 o.b
April 25 0.9 1.1 1.0 1.3
May 10 1.0 1.1 1.1 1.0
jJuly 20 0.9 1.0 0.9 0.7
Volatile Residue as % of Total Residue
Sample Stations
Date 1 2 3 b
March 27 47.0 48,1 46,6 33.2
April 25 41,4 37.6 39.0. 26,7
May 10 39.5 bo,2 4s5.3 2,1
July 20 38.3 36,1 38.2 . 35.3




108

3.2,14 Water Quality at Feedlot 14

| This feedlot is situated on the crest of a hill and
runoff to the nearby stream has been of considerable concern
to the.owner.~who has recelived complaints;from.the Department
of the Environment several times in the past. The feedlot
is kept only moderately clean with large amounts of waste “
-occasionally left in the yard, Disposal of manure is made
to surrounding fields during winter and these fields are
'quite susceptible to erosion during spring because of the
roliing topography. Manure in aqueous flows can be seen
during March and'April and;extend one-third of the diétanoe
from the feedlot to the stream.

'~'The stream is relatively Smali. and flows only until
mid May, Statlon One was located 200 feet upstream from the
feedlot because drainage appeared to flow over a,broad area,
Station Two was 100 feet downstream from the feedlot
drainage area; Station Three uas 0.25 niles below the feed-
lot and Station Four was 100 feet downstream from Station
Three.} Station Four was located close to Station Three
because a second stream joined the study stream between the
two stations. The study stream is bounded by cornfield
above the first station and by woodland below that point,

Phosphorus values do not 1ndicate any additions from

the feedlot area. They ohange from one station to another
showing no trend of increase or decrease through the length
of the stream. Values decreased through the time period

of the study, approaching zero on May 10,
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Nitrogen also shows a decrease in concentration through
time going from a maximum value of 1,8 ppm, on March 6 to
Zero on May 10, As with phosphorus. there is no 1nd1cat1on
that the feedlot contributes nitrogen to the stream--the only
.aotable ihcrease occurs at Station Three, one-quarter mlle
below the feedlot, | | |
» Ammonia, on all of the dates of analysis shows additions
'at the site of the feedlot, Values increase at Statlon'Two
and then decrease downstream t%rough Stations Three and Four, .
The concentration of ammonia decreases through time as runoff
_from the feedlot area decreases, '

2925 increases ‘at Station Two on two of the'three
saﬁpling»dates 1ndicat1ng'the presence of waste runoff, There
‘are, however, maiimum values found at Stations One and Four
on May 10 which may be the result of late season ponding
of the stream at Station One and the pasturing of cattle in
the area be}ow Station Three,

Bacterial analysis showed the presence of 5,000 totai

coliforms and <1,000 fecal coliforms  per 100 ml. on March 6.
Bacterial content decreased by Harch 27 to 410 total and
_140 fecal coliforms rer 100 ml, These figures also indicate
that waste from the feedlot is entering the stream, In
addltion,.the stream contains large algaeigrowths throughout
1ts length by late April and amorphic organic material covers
the stream bed in the area of Station Two,

' It appears from the values found for ammonia, BODS. and
bacteria. that the feedlot does contribute waste runoff to.

v the stream and causes a deter1oration in vwater quality.
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WATER QUALITY DATA

'Stream Discharge (at Station Two)

FEEDLOT NUMBER 14

March .6 3.1 ft,Y/seo.
March 27 0.5 :
April 25 0.1 :
May 10 0.04 i
May 20 0.0 f
Phosphorus (P) (ppm) E
Sample Stations
Date . . 1l .2 3 by
March 6 3.3 1.0 7.67 2,67
March 27 . 0.23 0.4 0.63 0.23
April 25 0.1 005 0|53 002
May = 10 0.13 0.0 0.3  o.0
Nitrcgen (NOS + NO3) (ppm)
T Sample Stations
Date 1 2 3 &
March 6 1.0 1.1 1,8 1.8
March 27 0.6 0,35 0.38° 0,58
April 25 0.1 0.0 0.0 0.0
May .10 0.1 0.0 0.1 0.22




"Pable 15--Continued

WATER QUALITY DATA

FEEDLOT NUMBER 14

Ammonia (NHZ)

(ppm)‘

~ Sample Stations

May o 10 '

Date S 2 3 4
. March 6 = . '
March 27 0.1 0. 0.6 0.3
April 25 0.0 0.5 0.2 0.2
May 10 0.1 0.3 0.0 0.0
BOD (ng./1)
Sample Stations
Date 1 2 3 L.
March 6 o 396
March 2? -101 5.3 1. oo
" 1April 25 0.9 3.9 1, 3.7
May 10 2.3 0.8 0. 2.3
Volatile Residue as % of Total Resldue
- Sample Stations
Date . 2 ' 3 , 4
March 6 —_— 15.8 e
March 27 20.5 - 23,2 | 22,3 26.6
April. 25 23.6  27.6 23,9 31.6
- 25 3 S 36@8 3307 3509
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3,2.15 Water Quality at Feedlot 15
Old.bulldings. poorly adapted to livestockvuSe; hamper

-efficient waste removal'rrom thls-feedlot | Manure is re-.'

moved from the yard only after it reaches a depth of a footv

and 1is piled on the. slope below the feedlot or is Spread

directly onto fields. Tiles installed to aid field drainage

in the area between the fecedlot and the stream also may

carry llquld wastes from the feedlot, | '
_Theestream_runs through cornfield above the feedlot and

'pasture below 1t, Station One was located 0.2 miles above

the feedlot because the point of potential waste entry was .

not obvlous. Station Two was located 300 feet downstream

from the feedlot with Stations. Three. and ‘Four a further 0, 25

- and 0. 5 miles downstream.

, PhoSphorus concentrations are highly varlable and show

a maxlmum value at Station Two on only one date (March 6),
Values on two subsequent dates show the highest values at
Station One and these decrease downstream. PhoSphorus
concentration decreaees to zero by May 10, _

. Nitrogen values are indicative of both fleld and feedlot
runoff. Values‘at Station One, in an area‘of:fertllized
oornfleld,’are'hlghest of the group on one date and. secondx
highest on the other three dates, On those latter three
dates, the concentratlon increases at Statlon Two downstream
from the feedlot Values decrease rapidly below Station Two
as the stream runs through Sparsely used pasture. As at

some other‘teedlot sltes. there ls no decrease in concentration




through time. f

1. o

'Four.

1l3

Ammonia concentration is highest above the feedlot on

two sample dates and decreases dovnstream, On March 27,

there is a high value at Station One which decreases down.

stream past the feedlot and then increases again at Station

BOD5 also showed high values above the feedlot which

increased on two dates at- Station Two. Downstream values o

-dwere oonsiderably lower on. two of the three- sampling dates.t
,?COncentrations on May 10 were relatively uniform along the

~‘length of the stream with the highs at - Stations One and
TTwo eliminated. L' '

_ Bacteria levels of <2,000 total coliforms and 1 000
fecal coliforms on March 6, decreasing to 1,360 total coli-

-;forms and 200 fecal coliforms on March 27 are the major
'indioators of 1ivestook waste presence in the stream. Thesge

' values were reoorded at Station Two where there was also

a heavy benthic covering of the stream bed and a dense
algae mat | -

The hlgh readings obtained at Station One for some of
the charaoteristics measured are difficult: ‘o acoount for
since there are no 1livestock operations above that point

and some of . the land is not cultivated and thus not as

susoeptible to erosion. The readings obtained at Station Two

do . indicate that runoff from the feedlot area has an adverse

effect upon water quality°
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. Table 16

QUALITY DATA

FEEDLOT NUMBER 15

v:StféamADischaige](at‘Station'de);

o . Mareh 6 . - Zu
S Mareh 27 j 3
~ - April 25 1
. "May i 0

- May 0

20

'ff;3/8éc.

10

OQU\NN

- Phosphorus (P)

'.(ppm) 

'1? Date  |

. - Sample Statlons
1l 2 . .  3H:-A..r4

March 6
March 27

April 25

May 10

’ " Nitrogen

QOO
® 9 o a
OO oW
~3
COOK
o o e o ;
O OO

(NOS + NO;) (ppm)

 Date -

Sample Stations
2 |

7Marchv'6

- March 27
April 25

My 10

L ]
{ w

CWWBn
L )

ww |
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Table 16--Continued
. WATER QUALITY DATA

'FEEDLOT NUMBER 15

B Ammbnia_ (NHI) - 'u(ppm)

. sample Stations

March 27 ’ -
. April 25
- May 10

ooo
s
coo ‘
. * L ]
Howl o}
oow
o ] [-]
O NO
-X-X-3

L .
OO\

o ‘3005 . (mg./1)

' Sample Statilons
2

o pate 1 T3

"March 6
March 27 .
April 25
May 10 -

U
® o @
MO
Moo
e o @
Nl
R
O
°i~kaﬂ
=Ty
B .

‘Volatile Residue as % of Total Residue

S Sample Stations
Date 1 2 3 4

March 6
March 27
April 25
May 10

A!

P A RN T
T O0ONIW0 O

HFunNaw

26,0
26,0
36,2

0 0O~
=N &
W
&
e« e o

(o RN LN
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'3;2 16 Water Quality at Feedlot 16 |
' - This feedlot is situated on level ground adjacent to

a steep slope leading to a stream of larger than average i‘. ., -
'discharge. As at Feedlot 13, the depth and fast current of v |
this stream prevented an accurate measurement of discharge

.on March 6. The feedlot floor, uhen viewed in late February,
was covered with almost a foot of frozen liquid waste. This

' forzen waste extended out for some distance from the feedlot

The feedlot is cleaned only occaslonally and usually

contains-a large amount of waste. During March, when frozen

:<._ waste began to thaw. the entire area around the feedlot was

' flooded with liquid waste and the volatilizing ammonia
created an obnoxious odour ror hundreds of yards around the
.vfeedlot Due to the 1eve1 topography of the feedlot area,
lthis waste remained at. the site rather than running off,
JVOn some date between March 27 and April 25, the owner cut a
channel through the bank between the feedlot and the stream -
allowing all of the waste 1iquid to drain rapidly 1nto the
'streamland the effects of this runoff on the stream could
not be. measured As a result, the data for! this feedlot ,i
is not representative of all of the runoff that did take
place during the spring, A

| Station One was located 100 feet upstream and Station
Two was - located 200 feet downstream from the feedlot, |
Station Three was located 0. 3 niles below the feedlot and a

fourth station was omitted because the runoff from a pig
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' farm was visible below Station Three.- The stream 1s bounded
throushout by cornfield

Values for all factors measured. are low when compared

to those found in other streams used for the study. Also,
_each decreases in concentration through time.' None of the
-water quality characteristics measured showed any consistent
.trend of increase at Station Two. | |

_ While the values indicate very little feedlot runoff.
the stream appears visually to be of very poor quality,
'There is a thick covering of benthic material on the stream
f bed throughout its length and’ there are many aquatic 1nver-

_tebrae in this material Algae is absent from the stream

'~fsurface.5 It 1s clear that the data presented in the

*accompanying tables do not represent the full effects of the

o 'study feedlot of particular note are the low bacterial

‘counts of 930 total coliforms and ho fecal colifornms per
'tioo ml which were recorded on March 2?. The release of the

large volume of liquid and semi-aqueous waste from the ‘. |
feedlot betweenlthe two sampling datés mentioned no doubtt
was extremely'detrimental to the quality of the stream and
much_higher_values for all of theicharacteristics measured
and:particularly‘thatiof bacteria would have been recorded f
had the writer known of the waste release and taken samples

~at that time. o
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. Table 17

. WATER "QUALITY DATA

FEEDLOT NUMBER 16

~ Stream Diséharge_(at Station’Threé)

" March 6 - >300.0,ft.3/sec.
. Mareh 27 . 95,0 -
- april 25 22,5
. May 10 . 11.0
o July 20 - -~ b

b2

- Phosphorus (P) (ppm)

Sample Stations

2 3

- March 27 S )

July 20

1 ,
April 25 ' 0 3
May 10 , 0.

July 20 0

o L] ° L ]

0
2
0
0

OOOK

Nitrogen_(Nog + No;) (ppm)

o ' Sample Stations
Date | 1 2 3

March 27 R | s »
‘April 25 )
. 0

0
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L .' ngb1e‘17;-cont1nued -

. WATER QUALTIT Y DATA

" FEEDLOT NUMBER 16

anmonia (NH,) ~ (ppm)

o Sample Stations
~ Date - 1. 2 3

.. 'March 6
- March 27
.. April 25
July- 20

oo
- 000O0O|}
o e .

CO0O0Oo
.l

OO
]

O o

BODg (mg./1)

Sample Stations
.2

‘ Date I S 3

. March -6
" March 27
April 25
, May 10
] July 20

OO
L]
a5 R

OO NK
® o e

vNvOoO O
L 3

‘Volatile Residue as % of Total Residue

T o ' Sample'Stations
- Date 1 2 3

~ March 27 - ]

-~ April 25 2

. S - May 10 ¢ 3
¥ iy 20 3

WHWOHN
L]
FEHE®

N\JW“N
VNWOo

® 0o o
WO o

R
wwonon |
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'2_2 1? Water Quallty at Feedlot 17

‘This feedlot was selected because of its locatlon on a
h111 1ead1ng down to a stream of moderately large discharge.
The pillng of manure on the slope and the semi-aqueous flows
of waste beyond the feedlot 1nd1cated that there might be
some adverse effect upon streanm quality. Unfortunately, the -'

creation of a reservoir below the feedlot in mid March re-

"sulted in heavy flooding around the feedlot and thus

ellminated the stream and made further study 1mpos81b1e.

' Values for March 6 the only date on which samples were

X eollected, are 1noluded and 1nd1cate that water quality is

better than the average found 1n the sample group,
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. Tgble 18

WATER QUALITY DATA

. FEEDLOT NUMBER 17

Date: March 6
Strgam Discharge (at Station Three) 209 ft?/sec.

Semple Stations

— 1 2 34
‘Phosphorus (P) = 1.0 0.67 0.67 ;VO,6' ppm

_Nitrogen _ o |
“(NOSV+-N02) 2,0 2,0 . 4,0 2,0 ppm
BOD, . 5.6 . mg./1
Z Volatile Residue = 13.8 .
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3.3 Summary of Spring Runoff Analysis

. . | The foregolng values indicate that all of the study
| . streams receive runoff containing greater than normal cone
centrations of nutrients and bacteria during the spring |
runoff period, although not necessarily at the location of
the feedlot, The concentrations are greatest during the
initial stages of runoff and tend to decrease gradually
besinning in April In many cases, this decrease proceeds
until only trace levels. can‘be found of some of the'nutrients.
Concentrations of the various characteristics are highly
variable from one stream to another, _
-COncentration profiles indicate that nutrient runoff:
occurs from both'cultivated-fields andilivestock operations.-
4 _' Since some of the factors measured, most notably phosphorus
‘ | and nitrogen (nitrate), ocecur in both locations, it is
| . difficult to adequately isolate the effect of each type of
}runoff Fecal coliforms, however. occur only in waste
‘Tunoff and prove the detrimental effect of livestock on most
of the streams studied, 3 e E
A&cording to the few water quality criteria that apply
" to these streams, none can be said to be beyond permissible
levels of contamination for any of the characteristics
| measured save.fecal bacteria (Ministry of the Environment,
June, 1973). Since bacterial analysis of streams is not
. usually included as an 1ntegra1 component of stream analysis,
'the foregoing values found for fecal coliforms suggests

‘ " that such analysis is necessary during spring because it
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‘may be the most reliable for the detection of 1ivestock
rwaste pollution. - .

Those feedlots which show signifioant inputs of livestock
waste to the streams in their area (feedlots i, 8 10, 11,
and 1s5) have one factor in common which sets them apart
from the rest of the feedlots in the study group. Each is
situated in very close proximity to the stream or has
drainage'tile laid close to the feedlot which facilitates
.the movement ofkliquids to the stream, Distance to a
drainage channel appears to be the only observable factor
operative in this group, Slnce there is rapid change in the
state of some nutrients (e.g., ammonia) and chemical bonding
}occurs with others (e.g.. phosphorus), it is likely that any
.delay in the runoff of waste products. results in a great
decrease in nutrient concentration before the waste reaches
the stream. The number of cattle found. at any site no doubt
, has:an_effect upon the-amount of runoff as does the yard
cleaning practices'of.the‘owner: however, these factors .
vary greatly among those feedlots with runoff and a much
larger sample group would be necessary in order to draw
conclusions on the effect of those factors.

The effect of downstream movement on nutrient concen-
tration is obvious at those feedlots vhere high concentra-
tiosn were recorded Feedlot 1 is a particularly good :
example of decreasing concentrations downstream for all of
the water properties measured Within a half-mile distance

downstream from the feedlot. there is an almost geometric
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decrease for.soﬁe of thsvhlgher values recorded, Thls
decressing trend downstréam is apparent at most of the
sites used. » ) | " |

Data on the per cent of volatile residue contalned 1n
total residue proved to be of 1little value, In most cases.
values were arratic with few ldentifiable trends through
either time)or distance, The measurement of volatile
resldue is carried out only: occaslonally 1n water quality
studies.becsuse the interpretavion of results cannot be made
with a high'degree of Tellability, "In cases where the
organic content of water is important it is usually best to

obtain such 1nformation by means of a COD or BOD

determination,” (Sawyer, 1960, p, 305)
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3.4 Water Quality Variation During Summer Runoff

The main question to be examined during the summer'
period was whether or not manure which had become dehydrated
with high temperatures and low rainfall and which. in many
cases, had been pulverized in the feedlot‘ would rapidly be
taken into suspension by runoff. from thunderstorms and de-
grade the quality of the nearby streams, Since this type of
study involved much more difficult scheduling, only five , |
feedlots from the orliginal group of seventeen used in the.
springfstudy‘were selected, The feedlots selected were

Nnumbers ‘1, 2 6 11, and 15, The reasons for this °e1ection
Lhave been discussed in Chapter IT and stem from either the
level of contamination found at the site during the spring
or conditions at the site during summer which seened to
indicate that there was significant potential for waste
runoff during and after heavy rains.

The water quality properties analyzed were orthophosphate,
nitrite-nitrate nitrogen, emmonia, BODg, and volatile residue,
Bacterial analysis was planned for, but difficulties in
returniLg samples to the laboratory on a day of the week when
they could be analyzed rade it impossible., HMeasurement of -

rainfall was made with standard rain gauges which were

checked and emptied periodically by both the writer and the
farmers involved,

Collection dates of samples during the summer were
.determined by the amount of rein received and resulting

stream discharge at each site, This, of course, hecessitateqd

.
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constant monitoring through the study period of June and

July. Since the rain at that time of the year is usually
convectional and therefore local and shorteliveq; the daily
reporﬁs of Atnospheric Environment Services could not be
relied upon for more than a statement of general regional
oonditions. Therefore. it was necessary to telephone the
farmers themselves in many cases in order to better predict
the amount of rainfall and resulting stream discharge, Rain,
however. occurred most often during the night, eliminating
the farmer as an information source.

Precipitation in the study region during July and
Augnst was below normal, in some cases, extremely so,

Table 2 1lists the precipitation values for four weather

stations-within the study area, The small amount of rainfall

that occurred throughout most of the study area during July

1s not indicated at all sites in the table, but Bradford-

Spr;ngdale and‘Orangeville show low nalves representative3

of the situation'in the study region, The owner of Feedlot 11
also reported that precipitation was only one-third of the
usual Lmount in his area and other owners also reported

below everage amounts of rain. Because of the small amount
oftrain in July, it was‘necessary to continue monitoring

the weather thfough August in the hope that some heavy

rains would occur, Unfortunately, at most sites rainfall

did not increase, Totals for August for the four stations

within the study area do indicate more rainfall but the
totals represent local occurrences beyond the region of the

study farms.
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‘The lack of rainfall comlicated-the»studq in several

ways, When the study streams were'first selected, an
approxination of the date of their minimum or final flow
was obtained and most streams reached zZero discharge well
before the predicted dates, According to some farmers, wells
- too were below normal levels by August, Also, crops were
éreatly'in need of hoisture. Because of the high temperatures
and shortave of water. grain in some areas was rlpening
several weeks ahead of schedule, o

These conditicns exaccerbated the problem of sample
collection for while solid wastes had. reached the point
whero they would easily be carried into suspension, most of
the rain that did fall went to the 1mmed1ate needs of the
crops and rapldly- infiltravcd the soll to recharge the water
table, Thus .only very heavy and short duration thunder-
storms. re-established streamflow in the dry channels.

}~ For these reasons and several others which rertain more
to local site conditlons. the measurement of water quality
was carried out on only four dlffereht occasions and in-
volved only three of the five feedlots.

) Three tables of data represent samples which‘were _
coilecfed in June from feedlots 11 and 15 and fhe'fourth.
sef was collected from Feedlot 2 during July. It should be
made clear that the four_sample sets presented do not
. represent the number of visits made to the verious sites
during the Sunmer. On numerous occasions, heavy rains
were predicted and the writer vent to tha eitcs in order to

obtain saﬁpleS'of the initial runoff, However, the rain
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either falled to materialize in the immediate area or

was not of surficlent duration or 1ntensity to bring about
streamfIOW. _ .

| With regard to Feedlots 1 and 6 at which no samples were
coiiéoted. there were several occasions onAwﬁicb_runoff did
occur from Feedlot 1, ﬁowever these were discovered after
the fact, The amount of runoff was small--a fact which could
be derived from the stream bed which was dry on the days
following the rain and the ponding of all of the discharge
'in a marsh which had developed during May and June. No
runoff ever occurred at Feedlot 6 as the level of water in
the holding pond was very low and all runoff was contained,

In the tables which follow, the ‘hour® column indicates
the number of hours elapsed since the first rain on that
date, It was unfortunate‘that the length of time spent at
each site combined with the days of the week on which sampleo
were collected prevented analysis of bacterial content«-a

factor found very useful during the’ spring perioda

-~
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3.4.1 Vater Quality at Feedlot 15.-June 17, 1973

“As indicated in Table 1, this feedlot is situated
160 yards from the stream but drainage tile 1s present
running from the feédlot érea to the strean, 'The stream also
receives runoff from cornfield from above Station One to
Station Two, Below Station Two. the stream runs through

seldom unsed pasture,

~ Rainfall on this date amounted to 0.85 inches and fell
‘ ;ver a three hdur periéd. The stream, which had ceased to
flowliq late May but still contained numerous algae cover
ponds, began floﬁing shortly after rainfall had commenced,
The'flow, which reached a maximum of 0,15 ¢.f.S. an hour
after the end of the rain, carried large pléces of surfacg
algae which were purposely‘exclqded from the samples, At
three polnts between Stations One and Two, fieid dfainage_
'couid berseeh running from tiles into the siream, Another
of these field drains could be seen running at a point

200 feet upstream from Station One,

Phosphorus exhibits highest values at Station Two

during each time period, Values below Station Two decrease
as the stream runs through grassland. Phosphorus is at
quife-low levels throughout the period but does show an
increase between hours two and four. The higher concentrafion
was maintained through hour six, |

Nltrogen'also exhibits an increase in concentration at

Station Tws with decreases through Stations Three and Four,
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Maximum poncentrafions wefe recorded during hour four at
each station and decreaéedxphrough hoﬁr six,

Ammon;a'was conslstentiy low in concentration, shbwing
no significant chaﬁges thrqugh time, The lowest values re-
corded were at Station Four, one-half mile downstream from
the feedlo£.  Since ammonia undergoes rapid change to form
both Nog + NO3, or 1s lost to the atmosphere as NHB gas, it
would not be surprising to find low ammonia concentrations
even at sites where waste 1is clearly entering a'stream. At_
this time of the year, the waste remains around the feedlot
long enough for the ammonia to be transformed before runoff
occurs. .

"gggs~cohcentrations are greatest at the feedlot: however,
the value recorded at Station One 1s higher than that at
Station Three and indicates the possibility that field run-
off.accounte for much of the coﬁcentration, Values decrease
through the downs?ream pasture area, Unlike either phos-
phorus or nitrogen, BODS increases between hours four and
8ix when runoff and discharge are-deéreaslqg.

Tée'concentrations of phosphorus aﬁd nitrogen indicate
clearly that runoff is occurring from the feedlot area and
that concentrations increase and decrease with discharge

under the rainfall conditions that prevailed on this date,
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Table 19

WATER QUALITY DATA
FEEDLOT NUMBER 15

Date: June 17, 1973 Precipitation: 0.85 inches

. Stream Discharge

Hour 4 _
0 0.0 “ft.3/sec.
2 0,08.
L 0.15
6 0.09
Phosphorus (P) ppm
: Sample Stations
Hour 1 2 3 4
0.2 0.4 0,2 0.1
4 0.3 0.6 o0.% 0,2
6 0.3 ’ 095 . 0‘.4 002

Nitrogen (NOS + No;) ppm

“‘Sample Statioﬁs

Hour 1 2 3 2
0.2 2,4 2,4 1.8

4 1.9 41 3.8 2.0

6 1.4 3.8 2,7 2.0
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Tab_le 1.9-;Cozitj,nued_‘,
® WATER QUALTIT Y DAT A_'

FEEDLOT NUMBER 15

Date: June 17,1973 Precipitation: 0.85 inches
| +
. Ammonia (Nﬂu) . ppm
, o Sample Stations
Hour 1 2 . 3 4
2 0.1 0.2 0.2 0.0
l" 002 002 001 0.0
6 0.2 0.2 0.2 0.1

mg./1

Samplé Stations
2 .3

“Hour 1

o ¥ 4 \)
o
O+
N
= =3
b
[SYCTW
gt pd
© o o
W N

| ~ee

Vqlatile Resldue as ¥ of Total Residue

Sémple'Station§~

" Hour B 2 3 b
12, : _29.2 36.4 36,8 aﬁ.o
27.2 30,1 33,7 34,
6 2.4 32,7 34,5 283
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3.&.2. Water Quality at Feedlot 15-.June 28,.1973

- Rainfall on this day also occurred as a sudden thunder-
storm with the maJor portion of the total amount coming in
the second hour. Stream discharge reached a maximum of .

0.16 ¢.f.s. in hour four and decreased slowly after that

- timeo

Phosphorus levels increase with discharge to hour four

and thenfremain stable through hour six., The highost values
recorded were at Stations One and Two, in the area of corn
'cultivation. Values decreased below Station Two, through the
area of pasture. A11 Values, however. were very low,
o Nitroven cohcentrations were consistently higher at
Station Two for all sample sets analyzed and,decreased dovn.
stream., Concentrations increased through time cn this date
with nmaximums recorded during hour six as the stream dis-
charge was beginning to diminish.’ | .

Ammonia was almost entirely absent, Oniy four samples,
takeh at different times and locations showed even trace
amounts present, >

BODS concentrations show 1ncfeases from*Station One to
Station Two and decreases then to Station Three, The in-
crease at Station Two 1s small and the values Andicate that:
field runoff 1s the major factor involved,

Values recorded for the various properties on this date
are all very low relative to those ‘recorded earlier in the

year and are,well below what criteria have been set by the

Ministry of the Environment for permissible levels, At
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this low level there is some indication (N, BODS) that .

(. _ there 1is runoff from thé feedlot,
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Table 20

‘WAT‘ER QUALITY DATA
FEEDLOT NUMBER 15

Date: June 28, 1973 Precipitation: 1.1 inches

-~

Stream Discharge

Hour .
0 0.0 ft.3/sec.
2 0.05° -
4 0.16
6 0.12
Phosphorus (P) Ppm
o Sample Stations
Hour 1l 2 3 b
2 0.1 0.1 0,2 0.0
4 0.3 0.3 0.1 0.0
6 0.2 0.3 .0:1, 0.0

Nitrogen (NOS + NOE) ppm

Sample Stations
2 3 4

Hour
2 o.4 1,2 1.1 o.8
L 1.2 2.8 1.9 1.0
6 2.0 3.1 2,1 1.0




Table 20--Continued

J

FEEDLOT NUMBER 15

Date: June_28. 1973 Precipitation:

~

+
Ammonia (NHb) ppm

Sample Stations

Hour 1 2 3 4

2 0.0 0.1 0.1 0.0

4 0.0 0.0 0.0 0.1

6 0.0 0.0 0.1 0.0

' Sample Stations

Hour i .2 - .3 4
1.2 l.5 0,8 0.9
u’ lou 107 . 1.01 1.2
! 6 1.5 1.6 0.8 1.1

WATER QUALITY DATA

1.1 inches

Volatile Residue as % of TotélvBesidue

Samglelstations

Hour | ! 3 &
2 45,8 41,6 42, 5.
4 k2,6 44,2 40,7 gg.g
6 43.0 39,1 38,1 34.2

136
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.3 b 3 WQter Quality at Feedlot 11--June 1?, 1973
) The first collection of samples at this site was made
8ix hours after a heavy and sustained rain had begun, This
occurred because the writer‘was WOrking at Feedlot 15 earlier
in the sane,déy, Thus no analysis values could be obtained
for water quality prior to the beginning of the rain, The
figure of 0,8 ¢.f.8, for stream discharge is an estimate based
on a measurement of 0,9 ¢,f.s, made several days earlier,

The discharge of the stream was relatively constant
from the time of the first sample collection to last but
reached a peak of 2.6 ¢.f.s. at hour eight, A

'Phosphorus concentration in the stream showed a general

increase at Station Two and decrease below that point, Also,
three of the four stations show a decrease in concentration :
.from hour six to ten, indicating that the peakilovels
occurred during or before hour six, The area between
Stations One and Two is cornfield and the increase of phos-
phorus at Station Two could be a combination of both field

.—‘-.

and feedlot runoff N ‘
| ;Nitrogennprofiles show‘two clear trends, The first is
_an increase in concentration at Station Two with diminishing
values downstream through Station Four, The second is a

peak concentration for all stations during hour eight, It

is unfortunate that the cultivated fields separate the

feedlot from the stream because nitrate runoff from the
feedlot area is 1ndicated but it could come from either source,

Ammonia concentratlons support the contention that
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runoffiin the Station Two area does indeed ceme from the
feedlot.“There areslncreased concentratiaons of ammonia at:
Staﬁion'Two for all tnree sample sets collected - In the
downstream area. vhich 1is woodland and residential, the
values dimlnished slightly, The maximum wvalues recorded
occurred during hour six,
~ BODsg concentrations show the same trends as those of
ammonia. The feedlot egain appears to contribute runoff to
the stream causing peak values at Station Two which then
decrease downstream. Maximum Yelues were again recorded
during hcur six,. o ' '

Volatile residue values are less erratic in this in-

stance and show peaks at Station Two in two of the three_'
Sample sets.' The significance of volatile residne in the
summer, however, is even more likely to be unreliable'than.
during the spring since algae and other debris are being
carried along in the strean and may have no connection with
the location at whioh thcy are accidentally included into
a water sample. N e

Considering all properties measured, there does appear
to be runoff entering the stream from the feedlot Runoff
of.nutrients from fields in the area is also a strong
possibility. however concentraﬁions of all properties are

quite low, .
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Table 21

WATER QUALITY DATA

FEEDLOT NUMBER 11

June 17, 1973

Precipitation; 1.3 inches

Stream Dibcharge

Hour

0.

6

8
10

ft.B/sec.f

 Phosphorus (P) ppm

Sample Stations

Hour 2 .3
6 8 1.2 0.8 0.6
8 1 1,0 0.4 0.3
Nitrogen (NOJ +NO3) ppm
‘ Sanmple Stations
Hour 2 3 ’
.6 2 o7 2.9 .0
8 8 Bou 403 g's ’
10 3 309 "ho ’ 3q.6.

139
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Table 21.-Continued

WATER QUALITY DATA

~ FEEDLOT NUMBER 11

Date:s June 17, 1973 Precipitation: 1.3 inches
.
Ammonia (NHh) Ppm
Sample Stations
Hour o1 2 3 4
6 0.2 0,5 04 o4
. 8 0.2 0.3 -0,2 .0,2 e .
¢ @ 10 002 093 0.2 031
| BOD, g/l -
. ° .@'-i.ﬂﬁ LR ) : . U A P & ce %. .
, ~ Sample Stations
. Hour 1l 2 . .3 4
6 2.8 06 3.3 2.8
8 2,.2. 3,1 . 2,9 2,7
! 10 2.2 2.8 2, 3.1

" Volatile Residue as Z of Total Residue

» Sagple Stations

Hour 1 2 3 4
6 26,2 42,4 38, 36.2
8 28,9 39.4 361 35.7
10 25.2  33.6 37.2 36.3
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3 y, h Water Cuality at Feedlot 2--July 13, 1973

Streamflow at Feedlot 2 had stopped by mid June although
water remained in the ,mall marsh sections through July,
Rsin on this dey fell in the form of several thundershowers-
over the period of two to three hours., HMaximum streamflow
of 0.1 ¢c.f,s, wascrecorded upon.the writer's arrival approxi-

mately fonr'hours after the first shower had begun. In spite

:of the large amount of manure in the feedlot and below it,

.on the'hillside'lesding'to the stream, the location of the

feedlot was not identifiable through higher levels of
contamination»at Station Two,

Phosphorus, nitrogen. and BODS concentrations are quite

similar in that all concentrations are low and the maximums
are consistently found at Station Three. Also, nitrogen
decreases in concentration from hour four to six,

Ammonia is at trace levels in all samples measured,

Feedlot runoff is not indicated and the quality of water

| - in the stream is good relative to all properties measured

-3

[X Ll

o
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 Table 22
WATER QUALITY DaTaA
'FEEDLOT NUMBER 2
‘Dates July 13, 1973 Precipitations 0.8 inches

" Stream Discharge

‘ _ Phbsphorus (P) :‘ppm .

,] ,‘Samp1e.Stat1ons'
1 2 3

o 0

. Hour

e et

L Nitrogen (Noz +»N05) . ppm -

o - Sample Stations @
Hour. o 2 3

’ ”'45~:-r:
8

O
e © -

oK
. e . -
- T
o o
N
L]
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- Table 22--Continued

WATER QUALITY DATA
" FEEDLOT NUMBER 2

July 13, 1973 Precipitation: 0.8 inches.

Ammonia (NH;) ‘ ppm

. -sanmple Stations o
Hwr R

- 0.1
0.1

 ‘4 0.1
6 0.1

0.1
0.0

f  B6D5. N mg./11

_Sample;Stgtlohs‘

 Hour r .2 3

1.6
1.4 .

o |

B :;009. 1'00
1.0 1.1

-

Volatile Residue as £ of Total Residue

R . 'f~VSample Stétidns
Hour | 1 2 3

: 6, | ‘;'  . 28,6 22,9
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3.5 Summary of Sumner Runoff Analysis f

In only two of the four cases studied, could the feedlot
‘be identified as a source of runoff Feedlot 11 and to a
lesser degree Feedlot 15. ‘both sampled on June 17. indicated
through increases in most measured characteristics tnat
‘livestock viaste was entering the stream. In the other two
:cases. Feedlot 15 on June 28 and Feedlot 2 on July i3,_there
18 no evidence that runoff from the feedlots affected the i

stream 1n any way. L o _ o .
s At those sites where feedlot runoff can be identified.

“the concentrations of each of the properties measured are |
Awell within the permissible criteria set down by the Ontario
Ministry of the Environment and in nany instances are below
the maximum levels set for 'desirable water quality. It 3
is clear that those feedlots employed in this part of the
study did. not produce serious variations in water quality
under the summer runoff conditions of 1973.

Analysis of summer runoff was restricted by both a . _
lack of rainfall during July and a shortage of days with ,:rt}
rain during June and Ausust. This.situation was quite'out'f‘
of the ordinary according to the two asriculturaldrepre; )
sentatives in whose counties tnree of theusunmer feedlots
were located | | | “

With only four‘cases of'sumnernrunoff. it is not
possible toldraw-any general,conclusions regarding the
' effectfof,sunmer rainfall on livestock nastes_and their
movementitoladjacentvstreans. Indeed, the iack of data

fresulting fron the unusual climatic conditions makes it
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impossible to predict what would happen at the study feed-
‘ - lots under conditions of normal summer rainfall.- It may
‘l’ . . be that heavy sustained rains could bring about conditions -;_,t o
of water quality similar to the most inferior recorded "5.':
during spring. | | B
In order to draw general conclusions on the subJect much
more data is required, which means a 1arger sample number

and more storms of Varying amount 1ntensity. ‘and duration..,




CHAPTER IV
CONchSIONS‘

The increase in beef production that is taking placed
today in Ontario as a result of the demands of a growing
: population poses certain environmental problems which re-_f
quire analysis. ‘One of these problems is the potential water
pollution threatened by the feedlot method of operation. | |
Feedlots, 1ocated mainly in the north-west ‘region of southern*'ﬁw*7“
Ontario are sites of great accumulations of livestock waste
that is difficult to dispose of N |

In the United States where feedlots are much larger
and concentrated in’ areas,susceptible to heavy rains during
short periods of the year, there'have been numerdus~cases
reported ofnsevere,water pollution caused by livestock
waste runoff, ﬂany.studiesfnave been carriedsout in an
effort to develoo economical metnOdS'forstne treatment and 1t

disposal of wastes, , , . ‘

The situation in Ontario is different from that in the
United States'because'feedlots are muchvsmaller and the
climate does not exhibitvtheisame extremes of temperature:
and rainfall, - Therefore. comparisons cannot be made in the
area of runoff and water pollution,. Studies‘of,uaste

characteristics and potential pollution mus t be expanded to

1no1uded analysis of surfaee waters in the feedlot areas.
This study was designed to assess the efrect of feedlot
~  146 L
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runoff on water quality in nearby streams during spring |
runoff and following summer rains. The selection of feed= ']
lots to be used revealed that in the western Lake Ontario a
region there are few Operations that are situated in such
a way as to be sites of potential pollution._ From over one
hundred feedlots visited. sevenueen were selected for the ’
spring runoff study. Samples here collected from stations o
above, at and below each feedlot on at least four dates E
from March to June.1 The samples Were analyzed for concen;;
trations of phOSphorus, nitrite-nitrate nitrOgen. amnmonia &“fl
nitrogen. B°D5' and volatile residue. In addition, |
bacterial analyses were made of at least one sample from
each feedlot during,the seasonoti | o |

Results of the analyses indicate that the over-all level
of stream contamination from all sources is highest during
the first stages of Spring runoff and decreases with the
stream discharge through ‘March and April. 'At only four | |
sites was there clear evidence that livestock waste adversely
affected water quality in the stream. The- factors that o
distinguished these four feedlots from the others in the V”f

sample were elther a. snort distance from feedlot to stream

or the presence of - drainage tile between the feedlot and

stream° There were high concentrations of fecal coliforms .
in many .of the samples collected in March : While fecal
coliforms originatesolelyin animal waste, high bacteria
levels did not necessarily correspond nith high levels of

phOSphorus. nitrogen, or. BODS ‘ This may be the result of
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differentialrates'of.change.' The‘concentrations*of"' ’
nutrients cOntained'ineall of the‘samples'mcreiwithin'the .

permissible' limits set by the Ontario Ministry of the “
Environment, CE | i_ ; -
The study of runoff occurring during summer as the

result of rainfall proved very difficult due to the local

nature of the rain.v'ror this reason as well as the general =

»shortage of rain throughout the region during July and August.

samples were collected on only four occasions. On two oxﬂrf.

_'thess occasions, there were indications of livestock waste

runoff However, the measured concentrations were so low
as to be within the.'desirable limits set by the Ministry
of the Environment The amount. of contamination found in - |
summer runoff was neglieible._ } _’ i |
Bearing in mind the limitationu involved in the study--

the restricted area. the 1imited number of feedlots, sample
collection on a three week schedule. only one. season of
recorded values. and problems with summer rain--there are'*
still certain general comments that can be made with regard"*
to. runoff from feedlots and the effect such runoff has |
upon water quality. . |

_ The recorded data indicate that in- the study area at
least, with feedlots of approximately 200 head, there is
little actual pollution of stream. This. in spite of the
many statements made regarding the potential of waste
accumulations to contaminate water sources. In areas where

the size of feedlots is greater there may be a greater
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amount of nasteirunoff;ocourrlng'then vas founddin the |
study area; however, 1t is likely less than the potentlal |
indicated, Also. the situation of the feedlot with reSpect
to the stream was: found to be a large factor in determlning
the degree of stream contamination and therefore larger
feedlots do not necessarily mean a larger volume of waste
reaching the nearest stream, ' : | _ )

It would appear, fromfthe'puoiished:literature and tne |
results of this study that more work 1s required analyzing
actual stream quality as opposed to the study of livestock
wastes in feedlots._ Also necéssary for further study of
feedlot runoff is the use of continuous water quality moni-
toring equipment which would record shoek loadings of waste

that would otherwise 80" unnoticed

~ae
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APPENDIX I

| TOTAL BEEF CATTLE, 1951-1971

C—

- *(a11 dalves, beef heifers, beef cows; steers)

1956

1961

g

52,160

63,179

35,507

153,757 .

County 1959 1966
Brant 9,886 14,878 51,224 20,584 19,522
Bruce . 77 818 113,044 125,018 150,440 174,560
Carleton (Ottawa) = 24,068 59,057 34,952 141,454 43,287
Dufferin | | 32,770 46,997 48,960 54,408 52,083
Dundas 9,140 13,487 13,931 12,563 16,305
Durham - 23,924 30,630 34,395 41,448 41,379
Elgin 25,503 30,033 38,459 = 39,987 39,242
Essex | 8,321 9,327 12,859 9,635 7,624
 Frontenac "13,298 17,198 19,382 20,273 23,316
Glengarry 8,314 9,804 13,080 10,452 14,042
Grenville - 5,985 6,519 9,247 9,919 12,810
- Grey o 85,564 114,1C8 124,830 137,116 144,955
Heldimand 12,002 15,363 21,571 23,414 22,649
Halton 10,113 13,635 14,540 14,726 13,246
Hastings ~18,3% 23,524 27,069 - 30,210 24,821
~ Huron 91,200 119,166 135,484 - 153,722
‘Kent 27,758 33,4235 42,746 49,816 44,652
Lambton - 78,79

v??ilsg"
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APPENDIX I--Continued

County - 1951 . 1956 1961 1966 . 1971
Lanark S 22,287 29,212 31;958 ,: 32,852 38,531
 Leeds ¢ - 12,980 15,53 20,158 18,861 . 24,901
Lennox and Addington 12,051 = 24,665 19,225 . - 19,959 26,921
Lincoln . weor 5,952 8123 gu78
Menitoulin . 13,308 18,387 18,864 22,216 22,717
Middlesex 65,968  ss,224 100,188 107,801 112,119
— IR B T e Revienid
Norfolk . . ' g845 8,595 C1L,1M 247 12,982
Northumberland 18,731 13,187 29,902 34,458 40,840
Ontario o . 34,452 42,863 50,367 - 49,057 51,124
Oxford 27,116 39,574 48,850 58,593 66,565
Peel - | ~ '15,319 22,004 25,009 26,035 25,038
Perth . 53,400 69,220 81,005 93 6ue 92,868
Peterborough 17,406 24,814 29,658 - 33,295 - 34,710
Prescott g 10,478 11,254 13,311 11,260 14,930
Prince Edward 5,773 . 8.051 11,231 12,130 13,963
Renfrew 34,906 47,106 48,646 44,129 58,957
Russell ‘ 8,766 - 9,925 12,701 10,431 10,182
Simcoe | 54,389 78,366 89,414 99,317 106,352 -

‘Stormont : 7,819 . 7,831 - 9,861 - 8,882 = 13,140

ST
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APPENDIX I--Continued

4

CCowmty 1951 195 961 196 w97

~Vaterloo - 2340 32,463 41,935 . 49,899 Btk
. Wellamd - 4009 5006 7,205 . 7,528 o
- Mellington 59,460 79,818 86,946 o 9%W7L 99,006
Wentworth . . 9.8 11,280 13,783 13,664 15,019
York . 21,000 26,838 - 30,775 23,317 30,509

 Totals for Province 1,120,824 1,503,662 1,702,074 1,961,373 1,974,284 g

Source: adapted from Census of Canada 1951, 1956, 1966, 1971;
' o Statistics Canada. o - o
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 APPENDIX II

No. of Farms Revorting

: COunty.‘ Cattle on Feed--1971
Brant 282
Bruce 1,310
Dufferin 577
Dundas 138
.'D'urham 511
Elgin 533
Frdhtenac - 188
Glengarry 120
Grenville 146
Grey | 1,657
Haldimand 438
Halton : 226
‘Hastings .308-
Huron .l).loaj? -
Kent ‘_736
Lambton 127
Lanark 351
Leeds B 54 O
Lennox & Addingtor{ - 213
Manitoulin 55
Middlesex -+ 1,313
Niagara - 437
Norfolk 330
Northumberland blsg
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APPENDIX II.-Continued

No, of Farms Reporting

Coun@y Cattle on_Feed¢-19?l
Oﬁtarlo 710
Ottawa-Carleton 383
}Oxford . 865
Peel 301
Perth 1,433
Peterboroush 354
Prescott 119
Prince Edward 195

Repfrew 398
Russel 95
Simcoe 1,235
Stormont 104
Victoria .528‘.
Waterloo 880'
Wellington 1,333
Wentworth 312
York ___ggg

" Total 23,398
‘Source: Census of Canada
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