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ABSTRACT

Investigations conducted in the Neepawa and adjacent districts
show that, where sandy or coarse textured surface deposits lie as a
mantle over finer textured substrata, seepage through organic refuse
from human and animal habitation is the chief cause and source of
excessive amounts of nitrate found locally in ground waters. Small
quantities of soil nitrate, elaborated in fallow fields on sandy
blackearth like soils, may be leached through the soil profile under
certain conditions, but in general, these do not apprecisbly affect
the nitrate status of the ground water, Investigations of fields
under crop, point to the conclusion that 1ittle or no nitrate is
leached below the depth of root penetration., Hence, it is not soil,
but contamination from organic refuse that is responsible for toxic
quantities of nitrate in farm and village well waters. Surface
stored waters invariably were found to contain non=-toxic concentra=-
tions of nitrate, ‘

Seasonal fluctuations in nitrate content occur in both well
waters and surface stored waters, The highest concentrations of ni-
trate in well waters occur during the summer months, whereas the
lowest levels are encountered in the late winter and early spring.
The nitrate content of dugout waters, though low in comparison with
that in ground waters reaches its highest concentration in the winter
months and is lowest during the summer,

In the affected area, to avoid methemoglcbinemia in infants and
nitrate poisoning in cattle, satisfactory farm and village wells can
be obtained in most cases if the location of the wells are properly
selected, The alternative is to use surface stored water from dug=-
ocuts and ponds or streams,
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T. INTRODUCTION

Ground water in the Neepawa and adjacent areas in Manitoba is the
main source of water supply for both domestic and livestock use, This
water, drawn from shallow wells, often contains high concentrationsof ni-
trate which can and has caused methemoglobinemia in infants as well as death
by nitrate poisoning in fuminants6

Investigations undertaken by the Soils Department, University of
Manitoba, in an attempt to ascertain the cause and source of the excessive
quantities of nitrate in the water supply, gave strong indications that
decomposing heavy organic matter accumulations at the soil surface such as
found about barnyards, feedlots, privies, and garbage disposal lots were
primarily responsible for the excessive amounts of nitrates in the subsoil
water, rather than excessive nitrate eleboration in the soil profiles,
Further work was necessary however, before more definite conclusions could
be established,

The information recorded herein includes a portion of that obtained
during the 1951 preliminary investigations together with the data gathered

from subsequent work related to the problem.

II. LITERATURE REVIEW

A, NITRATE ELABORATION

Nitrate is one of the most important plant foods in the soil and has
been studied from different points of view in different countries in the
world, It is now generally recognized that there are certain conditions in
the soil which, to a large extent, control the production of nitrate or
regulate the activity of the organisms comnected with the elaboration of

nitrate,



The nitrogen contained in nitrogenous compounds in the soil is

derived from the air. About 80 percent by volume of the air consists of
free nitrogen, however, the plants are unable to avail themselves directly
of this enormous supply of raw material, Before they can make use of this
element it has to combine with other elements, Combination can be brought
about by the intervention of influences such as lightning discharges,
chemical reactions, and soil bacteria., According to Schreiner and Brown
(38), 5 to 7 pounds of nitrogen per acre are added annually by lightning
discharges and chemical reactions., On the other hand, the amount added by
non-symbiotic bacteria is reported to average about 25 pounds per acre
annually. The amount fixed by legume bacteria (symbiotic) averages about
80 pounds per acre for the same length of time.

The sequence of chemical changes taking place from the time the
nitrogen is brought into the soil to the stage of conversion to nitrate
anions according to Quastel (35) are as follows:~

(a) "The transformation of atmospheric nitrogen by soil
micfo»organisms into substances nourishing microbe and plant,

(b) "The transformation in soil of organic nitrogen com-
pounds arising from autolysis of all forms of biological

material or from the products of metabolism of living soil

organisms into ammonium ions,

(¢) "The conversion of ammonium cations into nitrite and

nitrate anions,®
The last step (soil nitrification) is brought about largely by two groups
of organisms Nitrosomonas, (also Nitrocystes and Nitrosopira) which form
nitrate from ammonium ions, and Nitrobacter (also Nitrocystes and Bactoderma)

which converts nitrite ions into nitrate ionse
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Batham and Nigam (8) carried out investigations on the production
of nitrate in field soils and concluded that it appears to be influenced
primarily by three factorsse

(a) Soil treatment; e.g. applications of organic matter,
limestone and phosphorous,

(b) Tillage operations and kind of Crops growng e.ge.
fallowing, mulching, green manures and crop residues,

(c) Climatic conditions; e.g. temperature and moisture.

Batham and Nigam (8) have summarized the works of a number of authors

in connection with the effects of climatic conditions on nitrate elaboration
as follows:~ Fraps who studied the nitrate content of plots under different
crops states, "The nature of the season apparently has a marked effect on
the results obtained." Vogel concluded that, "The treatment of the soil

had less effect upon nitrification than the time of year." Hall, while dis-
cussing the influence of temperature and moisture upon the nitric-nitrogen
content of South African soil said, "In fact, the nitrate curve on the whole,
fit the rainfall diagram better than they do the one for temperature,

Jensen summed up his deductions thusly, "Even when all the above factors are

considered, there appears to be rhythmic periodicity of nitrifying activity

during the season due to some unknown property of the bacteria." Organic
matter is, therefore, the source of nearly all the nitrogen in the soil, In
the later stages of decay of organic matter, nitrogen is liberated as ammonia
and subsequently converted into the nitrate forme

The nature of the organic matter added, the rate and mammer of appli-
cation as well as the climate conditions prevailing subsequent to the addition
of the organic matter, have direct bearing on the amount of nitrogenous com-

pounds produced in the soil, Heck (23) while studying the effects of
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different application rates of manure under varying conditions noted that
there was a decided depression in nitrate nitrogen recovery when the manure
was spread on the field surface and had dried soon afterward. Barthel and
Bengtsson (6) carrying on much the same work attributed this loss to the
volatilization of ammonia nitrogen. The amount lost being dependent on the
manner of handling the manure prior to spreading and the amount of drying
which occurred thereafter., Albrecht (1) some twenty years later, while do=-
ing some research work on nitrate production as influenced by cropping and
soil treatment, obtained substantial nitrate nitrogen accumulation when
barnyard manure was added to field plots over a period of ten weeks, If
the Azotobacter test was negative in the manure, lime was added and further
increases in nitrate elaboration were noticed, Iime by its basic properties
has the capacity for regulating the hydrogen-ion concentration in the soil
in a manner favorable to bacterial life,

Green manures, mulches, and crop residues all add organic matter to
the soil and are therefore, potentially, nitrate formers. The lapse of time
required for these materials to break down into simpler constituents will
depend on such factors as tillage practices (whether surface or deep),
temperature of the soil, and moisture conditions prevailing therein,

Russel (36) while discussing the effects of green manures points
out that they "either increase the humus content or else the supply of
available nitrogen in the soil" the effect depending on the maturity of the
crop when ploughed under, The humus content in the soil is increased only
when material fairly resistant to decomposition is added while on the other
hand the available nitrogen supply is increased only when readily decompos-
able material high in nitrogen is decomposed,

The kind of crop ploughed into the soil also has some bearing on the
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amount of available nitrogen produced, Lyon and Wilson (28) working with
green manure crops consisting of hairy vetch, field peas, rye, oats and
buckwheat found the greatest accumulation of nitrate to be in soil in which
hairy vetch was ploughed in. Upshall, Bradt et al (LO) have shown that in
general, legume crops were superior to cereal crops for adding readily
available nitrogen to the soil,

Influences of other forms of crop residue on nitrate elaboration in
the soil were studied. Patrick (3L) found that root and stubble residues
of red clover and timothy in average field stands were sufficient to in-
fluence the accumulation of soil nitrate, He also noticed that the amount
of dry matter in the soil in the form of red clover roots and stubble
amounts to only about half the weight of timothy roots and stubble from
equally good stands, Results obtained by McCalla and Russel (32) show that
nitrates are produced in abundance where sweet clover residues are incor-
porated at the surface of the soil,

Materials possessing wide carbon-nitrogen ratios have a depressing
effect on the nitrate content in soils, Murray is quoted by Fennell (20)
to the effect that addition of straw to the soil reduced the concentration
of nitrate nitrogen therein., Reduced yields obtained in crops following the
incorporation of straw in the soil substantiate this fach.

There is evidence of nitrate accumulation under mulches, Beaumont and
Crooks (7) applied 50 to 75 tons of cured hay as a milche They did not incor-
porate it with the soil in any way but left it at the surface, ter three
to four years concentrations of as high as 230 parts per million of nitrate
nitrogen (expressed as ppn NO5N in dry soil) were obtained, Ellis, Poyser and

Leclaire (19) found concentration of well over 100 parts per million of ni-

trate nitrogen in the ground water underneath old straw piles and haystack bothons,
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Tests for nitrate nitrogen on the ground water in the vieinity of these
organic accumulations proved that they were the source of excessive amounts
of soluble nitrogen,

Where plants are not developing, some factors exert marked influences
on the production of nitrate in the soil, Higher soil temperature, higher
moisture conditions and better aeration are the principal factors respons-
ible for higher nitrate nitrogen elaboration under summerfallow conditions9
It was argued and rightly so, that the nitrate accumulation under the
conditions being discussed was due primarily to the fact that it is not being
removed by vegetation. Newton (33) w rking with Alberta soils found that
bacterial counts as well as nitrate nitrogen concentrations were always
higher in summerfallow than on cropped land. He also noticed that soluble
nitrogen accumulated more rapidly in fallow following clover or alfalfa
than in fallow after grasses or cereal, Baver (9) found that fallowing in-
creased the bacterial activity in soils, which in turn speeded bacterial
decomposition and mineralization of nitrogen, These results he attributed
‘to higher temperatures, higher moisture contents, and greater aeration in
the soilse

Crganic matter is the raw material and soil microbes are the workers
which turn the raw product into forms readily available for plants, In the
soil, the efficiency of this labor force is determined or controlled by
temperature and moisture conditions prevailing therein, Larson and Mitchell
(29) reported that Mrapid accumulation of nitrates occurs between the middle
of June and the middle of August." At Saskatoon, Saskatchewan, where this
work was conducted, this peak of nitrate elaboration coincided with maximum
temperature for the area and also with the greatestamount of precipitation,

Ellis (18) found that nitrate concentrations in the soil began to increase
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in May., This again coincides with increases in temperature and also de-
ecreases of excessive amounts of moisture caused by melting snow and spring
rains, According to Weksman and Starkey (L1), moisture conditions most
favorable for nitrification are close to 50 percent of the amount of water
the soil holds when saturated, The accumulation of nitrates according to
Albrecht (2) follows seasonal conditions closely., "With the advent of
spring the nitrate in the soil increases and shows that this process like

any other biochemical soil process is subject to the moisture level and the

preVailing seasonal temperature," FEllis, Poyser and Leclaire (19) state that
Cook and Doughty, while workinngith Saskatchewan soils found, "Only a few
parts per million of nitrate per week accumulated in the soil when the
temperature was below 50°F, Between 50°F and 75°F the rate increased in
proportion to the rise in temperature but the rate decreased at temperatures

above 75°F."

Be FACTORS AFFECTING NITRATE MOVEMENT TN SOILS

Nitrates are elaborated at the surface of soils where organic ac=
cumlation occurs and proper temperature and moisture conditions prevail,
They are very soluble and move freely with up and down movements of soil

moisture, Heavy rainfall tends to wash nitrates into lower soill depths,

According to Starkey (39), under the influenbe of heavy rainfall, nitrates
pass into the deep region of the soil and upon such occasions the quantity
of nitrates may be greater in the subsoil than in the surface soil. DBecause
of their high solubility, the nature of the soil in which they are formed
(texture, porosity) together with the amount of water entering the profile
will greatly influence their distribution within the soil and substratum.
Ellis, Poyser and Leclaire (19} studied the ground water regime of

four soil associations in the Neepawa area of Manitoba., These soils all
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have a fairly high organic content in the A or surface horizon hence, when
proper conditions prevail, nitrate nitrogen will be elaborated, but not in
the quantivies that would be required to give the high nitrate contamination
reported in some of the water of certain wells,

The dominant soil profile in the Newdale association has a clay loam
to heavy clay loam texture in the upper two horizons, It is developed on
clay loam till which extends from the surface to the underlying shale., The
water retention capacity of this soil and substratum is about two inches per
foot asbove the wilting point, therefore, after allowance for surface run-off
the amount that penetrates through the soil and into the deep subsoil could
not contribute much ground water except during excessively moist periods,
Even under those conditions the water retention capacity has to be satisfied
before any water will accumulate in the SOiio

Nitrate nitrogen was found only in the first and upper portion of the
second foot in the Newdale soils, Since the rainfall during the open season
is about 13,5 inches (monthly peak of 2.5 = 3 inches in June) it was qﬁite
reasonable to find no great downward movement of the nitrates. Furthermore,
there was no evidence of leaching downward by previous rains,

A second Newdale profile with a lens of coarser textured material at
the fourth and fifth foot was studied. The water retention capacity of this
coarser textured material is obviously less than that of the finer textured
deposits., This condition was reflected when tests for nitrates were made at
different levels and their presence was detected in the coarser textured
layer at the four to six foobt depth as well as in the upper horizon where
elaboration had taken place., Downward movement of water during a moist
period earlier in the season could account for the above results,

The Stockton soil and substrate were studied in a similar manner o
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that of the Newdale. The parent material of the Stockton soils consists of
deep sand deposits (200 feet in places)., The water retention capacity of
this sandy sbil and subsoil is only about 1/3 to 1/2 inch per foot, Their
porous nature favors penetration rather than run-off, During periods of high
rainfall, rapid penetration of water occurs and consequently a water table
forms at about 20 feet from the surface, Below the water table a bed of
saturated sand occurs, acting as a vast natural reservoire

Nitrate was found to occur at different levels in the upper 11 feeb
of soil and subsoil, This occurrence of small amounts of nitrate at differ-
ent layers reflects the intermittent downward movement of nitrate bearing
waters that had taken place following réiny periods earlier in the season.

The Almassippi Soill Association == typical soil found in the Lower
Assiniboine Delta Area was one of the four associations studied, Here as in
the Stockton, the Almasippl parent material is porous sand. It differs from
the Stockton however, in that it consists of a relatively thin, sandy textured
mantle resting on a highly impervious clay substratum instead of on deep sandy
deposits. The high porosity and low water retention capacity of the coarse
textured mantle favor rapid infiltration of water. This downward movement,
however, is arrested at the point of contact between the sand and the heavy
textured substratum and consequently, a perched water table occurs during wet
periods.

Field work at different times during the swmer and early fall showed
that the water table rises after heavy rainfalls. A pit dug iﬁ a field in
Auvgust, 1951, showed that the water table was LO inches from the surface,

Frequent heavy rains fell on the area during the next month which re-~
sulted in a rise of ground water from LO inches to 30 inches below the sur-

face,
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A few soil profiles were tested for the presence of nitrate nitrogen.
Positive tests were obtained in the "A" or surfsce horizons (place of elab-
oration) and at the one and two foot levels, This indicated that the nitrate
was in the process of being leached down. That it is leached into the ground
water was proved when positive tests were obtained in the ground water itself,
Laboratory determinations made on the ground-water sample taken on August 20
showed 30 parts per million of nitrate nitrogen, and only six parts per million
in the ground-water sample taken on October 12, Since the site of testing was
devoid of vegetation the decrease in concentration of nitrate nitrogen was
brought about either by appreciable dilution or by lateral movement and replace-
ment of the ground water or by both of these factors.

The fourth profile studied was in the ridge and swale topography of
the Lowlands area, On the ridges, the profile is developed on relatively
shallow grafel and sand beach deposits resting on water-worked clay till.
Water tends to pond in the low positions in between the ridges, Ground water
is commonly found in the coarse textured beach deposits and also in local sites
where, as a result of water resorting, sand and gravel are occluded in the
t1ll,

The organic accumulations on the surface of this soil are usually
quite low, however, where habitation occurs, decaying organic wastes can and
do liberate nitrate nitrogen which later finds its way into the ground water.
Since this coarse textured soil is more porous and has a lower water retention
capacity than either the Stockton or the Almasippi soils, less rainfall ié
required to washthe nitrate nitrogen downward, Under conditions of moderate
rainfall, this could mean a greater concentration of nitrate anions in the
ground water due to less dilution.

Vegetation removes large quantities of nitrate nitrogen from the soil.
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Starkey (39) found that '™no nutrient ion in the soil solution was affected
more by cropping than was nitrate., All plant nutrients as well as nitrate
were lowered by cropping but nitrate more than any otheret

\The kind of growing crop, as well as the vigor and stage of growth,
have direct bearing on the amount of nitrate that will be removed, Lyon,
Bizzell and Wilson, quoted by Starkey (39), observed that grass and wheatb
tended to depress nitrate accumulation whereas corn favored nitrate forma-
tions during the early stages of development. Ellis, Poyser and Leclaire
(19) found that deep rooted vegetation not only removes the nitrates from
the soil but also removes the ground water. Good evidence of this was ob-
tained when there was a poplar and willow grove surrounded by a field under
surmerfallow, The ground water in the summerfallow was at LO Iiches from the
surface and both soil and water showed positive tests for nitrate. On the
obther hand, there was no ground water under the trees and nitrate tests on
the soil and substratum were negative,.

Vertical distribution of nitrates is also affected by plant root
development. Root systems are markedly modified by fertilizer treatment,
by texture and structure of soil, and by the amount of distribution of soil
moisture, so that greater or lesser quantities of nitrate nitrogen will be
removed depending on whether these factors stimulate or inhibit root develop=
mente

tarkey (39) and others found that most of the removal of the nitrate
ions occurs during the stage of extensive vegetative development. During
the leter steges, many plents show some reduction in content, and a portion

of previously absorbed elements is returned to the soil,
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Ce THE TOXIC EFFECTS OF EXCESSIVE AMOUNTS OF NITRATE

(1) BEffects Of Excess In CGround Water:

Ground water in most rural areas is the main source of water supply
both for domestic and livestock use, Where there is nitrate contamination
of this water it follows that humans or animals drinking it will be ingesting
nitrate nitrogen as well,

The concentration of nitrate anions in the water, the age, size and
kind of animal concerned, as well as the amount of water consumed are fac-
~ tors which determine what consequences will follow the drinking of nitrate
bearing waters,

It is now recognized that in humans, usﬁally only infants 10 weeks of
age and under are seriously affected by methemoglobinemia through ingesting
nitrate bearing waters. It is also accepted thaf concentrations of less
than 10 ppm of nitrate nitrogen in the water will have no serious ill effects
on the new born babies, According to Medovy (30), workers in different
parts of Europe and North America have found that Methemoglobinemia (cyanosis),
. or the local term "Blue Baby", occurred in infants usually under 10 weeks of
age who ingested well water of high nitrate content used in the prepartion
of milk formulas. Bosch et al (10) working in Minnesota found that 90 per-
cent of their cyanosed patients were under two months of age while nine
percent of the affected babies were between two and five months, Bosch et al
(10) quote Comby as reporting that there are a number of factors which make
infants more susceptible to methemoglobinemia than older persons, In his
opinion, the most important factor is that the infant has less oxidizable
hemoglobin than an adult, He also suggests that there is a high fluid intake
with greater turnover of water in proportion to body weight and that the

intestinal flora of the infant may contain more nitrate converters,
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Cornblath and Hartmann (13) claim that only younger infants become cyanosed
upon ingestion of water containing nitrates because of the low gastrie
acidity which is characteristic of young infants. They postulate that if
there is no free acid in the stomach and the pH of the gastric juice is over
four, nitrate producing organisms can exist high in the gastro intestinal
tract in sufficient numbers to reduce nitrate to nitrite before the former
can be completely absorbed,

When one considers the conditions prevailing in the alimentsry tract
their theory seems sound, Under ordinary conditions, the human body reduces
nitrates to nitrites and then to ammonia in which form they are excreted.
When great guantities of nitrate are ingested, as is the case of the cyanosed
infants, and the intestinal flora reduces nitrate to nitrite more rapidly than
nitrite is reduced to ammonia, then nitrites accumulate, When this is the
case, they are absorbed in the blood. One molecule of nitrite unites with
two molecules of hemoglobin to form methemoglobin, The latter in itself is
not toxic but it is not capable of carrying oxygen.

According to Medovy (30), cyanosis becomes clinically apparent when
one third of the hemoglobin is replaced by methemoglobin. Tests of blood in
those circumstances show that the latter is chocolate colored, Cases have
been reported where over one half of the hemoglobin was replaced by methemo-
globin,

Medical officers agree that in the affected areas there is no cyanosis
in breast fed infants, However, when, for one reason or another, breast feed-
ing is discontinued, trouble begins., The characteristic symptoms appear --
grayish blue or brownish blue cyanosis which begins around the lips, spreads
to the fingers, toes, face and soon the entire body is covered. The patient

becomes listless and breathes with difficulty. Bosch et al (10) list some
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factors which will influence the length of time required for symptoms to
develop once breast feeding has been stopped and nitrate affected water is
used in preparation of milk formula. The concentration of nitrate nitrogen
in the water is of primary importance. The amount of water used in the formia,
the amount of feeding and the amount of supplemental water feeding also have
direct bearing on this matter. Physiological considerations such as the welght
and general condition of the infant also come into play. The same workers
while keeping data on 9. cases found that half of that number developed symp-
toms in one to three weeks after being on a formula requiring considerable
water as a diluent. Twenty percent of the infants were on well water more
than 30 days while in‘other cases sixty days were required before any symptoms
appeared, In contaminated areas, if cows milk is available, it should be

used in preference to evaporated or powdered milk. The dehydrated forms re=
guire more water in the dilution and cyanosis will likely be brought on

sooner and will be more severe than if cows milk was used. In one extreme
case, symptoms of methemoglobinemia appeared only one day after breast feeding
had been discontinued and the infant was fed with evaporated milk diluted with
well water heavily contaminated with nitrate, To make matters worse, the well
water was boiled for 30 minubes before using so that the original nitrate
nitrogen content of 1L0 parts per million was raised to 410 parts per million
by the evaporation of the water,

The most important factor in treatment of cyanosis is recognition of
the disease, Once detected, the subsequent use of nitrate free water for the
preparation of formulas and for supplemental water feeding will be followed
.by spontanecus recovery, Guest, Victor and others (21) claim that such a re-
covery can be expected within one or two days. These same authors report

that workers from Iowa, Kansas, claim the spontaneous clearing up of cyanotic
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symptoms within 36 to L9 hours after discontinuing the use of the contamin-
ated well water,

In very severe cases methylene blue is given intravenously, This
compound reconverts methemoglobin to hemoglobin and this happens in a very
short time, Experimentally this reaction takes 10 minutes providing that
the methemoglobin content has not risen to more than LO to 50 percent of the
totai pigment. The recommended dose of methylene blue is one milligram per
kilogram of body weight; that is, .5 c.c. of 1% methylene blue solution for
an 8 pound baby would be quite satisfactory,

Aagaard (3) claims that cyanosis disappears as an infant gets older,

He reports two cases where the symptoms cleared up at the age of three months
with no treatment and no change in the well water used in the formulae,

Medovy (30) arrives at much the same conclusions., These facts are substantiated
by the Cormblath-Hartman (13) theory; namely, that gastric acidity increases in
older infants. Under those conditions nitrate reduction is slowed down consid-
erably and hence, there is no accumulation of nitrite to a dangerous level in
the body.

é significant fact about the wells from which most of the nitrate bear-
ing water is obtained is that they are nearly all dug wells and hence,
reiatively shallow, Also of significance is the location of these wells in
relation to farmsteads or privies, etc. Aagaard et al (3) working in Minnesota
found that dug wells are more frequently the source of water high in nitrate
than are drilled wells. They claim that 62 percent of the wells showing ni-
trates in excess of 10 parts per million were less than 75 feet deep,

Krasnoff (26) of Nebraska made the same observations "Shallow wells and dug
wells are more apt to have water high in nitrates than are deep and cased

wells." In a survey made in 1948, the average depth of high nitrate wells was




- 16 -

35 and 85 feet respectively. Weart (L3) of Illinois also reports that
shallow wells are the worst offenders,

Insofar as location of wells is concerned some interesting observa-
tlons were made., In Nebraska it was noted that farm wells were the worst
offenders, lMunicipal wells showed some improvements while wells in school-
yards were the least affected, From 258 schoolyard wells only 1l had 10
parts per million and over of nitrate nitrogen., In Minnesota 30 rural

school and 6L farm wells were studied., The nitrate concentration in the

school wells was lower than in the nearby farm wells in all but three in-
stances, Ellis, Poyser and Leclaire (19) while working in the Lower
Assiniboine Delta in Manitoba observed that the location of the well in
relation to the highest source of organic accumulation (barn, pig pen, etc.)
had direct bearing on the nitrate nitrogen content of the water., Wells
east and north-east of the farm buildings had invariably higher content of
nitrate in the water than those west, south and south-west of the farmstead,
This can readily be explained by the fact that the fall of grade is to the
easﬁ, north-east and hence, any nitrate elaborated at the building sites is
washed down by rain water and tends to flow eastward.

(2) Effects Of Excess In Soils And Plants

There are three distinct deleterious effects to plants brought about
by excessive amounts of nitrate in the soil. In cases of extremely high
concentrations, death of plants may occur, Where the concentrations are
lower but nevertheless in excess, plants are rendered susceptible to diseases
because of excessive growth and consequent physiological weakness, There may
also be changes in the composition and characters of the crop produced,

Headen (2) cites many instances where excessive nitrate nitrogen

killed many trees.in orchards, Healthy and vigorous apple trees bearing fruit
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one.third of original size dried within a few days, leaves and fruit were
still on the trees, Potato plants also are affected in much the same way.
The author cautions that the i1l effecits are not always as evident as in
the above mentioned casese

Increases of nitrogen according to Curtis and Clark (1L) bring about
a decrease in relative root weight and an increase in relative top weight in
sugar beets, This phenomenon has also been observed in herbaceous annuals,

biennials and woody plants. IMillar and Turk (31) state that nitrogen en-

courages above-ground vegetative growths; they add, however, that this cannot

take place except in the presence of adequate quantities of available

phosphorous and potassium. These same workers claim that in addition to
prolonging the growing period of plants, too much available nitrogen en-
courages the production of soft succulent tissue which renders the latter
susceptible to disease and mechanical injury., Headen (2h) found that cereals
growing in the presence of high nitrate concentrations had large green leaves
very much darker than normal and the stems were weak., Such cereal crops
lodged and were highly susceptible to rust.

In addition, to physical changes, high nitrate concentrations bring

about chemical ones as well. Headen (2l) working in Colorado found that the

application of excessive nitrates '"reduced the yield of beets, lowered the

percentage of sugar and changed the compbsition of the ash as well as that of
the juices." He also found marked changes in the composition of the wheat

kernel. The nitrogen content was increased, silicon and phosphorous were de-

creased and the potassium increased. Changes were also noted in potato
tubers, Gardner (22) reports that as a result of excessive amounts of nitrate
in the soil, the canteloupe grown in the Arkanasas Valley has deteriorated

both in flavor and in shipping qualities.
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It has been observed that certain plants when growing in soil high
in nitrate will accumulate the latter in the above=-ground vegetation, the
concentration being mostly in the leaves and stems., Crops treated with
nitrogenous fertilizers or growing in summerfallow will have higher content
of nitrate in the straw than those growing on stubble-land. Doughty and
Warder (16) found that drought conditions during the heading and ripening
period increased the nitrate content in oat straw. Emert (17) found that
tomato plants were affected similarly,

Nitrate accurmlation does not occur in all plants nor does it ac-
cumulate to the same degree in plants which are subject to such conditions,
Davidson et al (15) cite thistle, flax, millet, pig weed, wheat, straw,
immature barley, native hay, corn stalks and sorghums as plants that can
accumulate nitrate in toxic quantities when the right conditions prevail,
Savage (37) found that under certain conditions sugar beet tops can accumu~
late very large quantities of nitrate nitrogen, Concentratiohs of as high
as 7 percent potassium nitrate equivalent by weight were recorded. On a
dry matter basis this figure would be much higher. TFeed containing 1,5 per-
cent of potassium nitrate (equivalent to 0,2078% nitrogen as nitrate) is
taken as the lower toxic limit hence, it is not surprising that there was
heavy loss of life amongst the cattle when fed on sugar beet tops containing
the equivalent of 7 percent potassium nitrate,

Although the above mentioned plants can and have caused loss of life
in livestock, oat straw remains as the main offender, Coupled with the fact
that it is used extensively as a forage for cattle, it is alsc known to
accumulate nitrates in high quantities. Concentrations of potassium nitrate
ranging from 3.2 to 7.2 percent have been found in Colorado and Wyoming.

Toxic quantities of nitrate in oat straw are suspected to have been the cause




of - cattle dying in the Portage and Gladstone districts of Manitoba. It is
known that these animals died of nitrate poisoning but due to the fact that
the water supply at times contains high nitrate, death may‘have been brought
about by contributions of nitrate nitrogen by both the straw and the water
or even by the water only.

By experiments Davidson and others (15) have found that the minimum
lethal dose of nitrate for cattle was approximately 25 grams of potassium
nitrate per hundred weight, (,L7 1bs. for 1000 1bs.) per amimal. Ab bhat
rate 5.5 pounds of fodder containing 5 percent potassium nitrate would be
fatal tb a 500 pound animal, The same workers mainbain that nitrate has 1little
or no accwmlative action in the system because sublethal quantities can be
consumed daily for long periods without ill effects, Tolerance apparently is
neither increased or lessened,

An interesﬁing observation was made by Davidson and his co-workers
(15). Oat hay dampened by rainfall the previous day was fed to heifers in a
dry lot, and to 85 cows at pasture with access to watere, The heifers which
had received no water were unaffected whereas 2l of the cows died and 6 others
aborted on the fourth day,

Abortion is quite common in cattle that have survived nitrate poisoning.,
Bradley et al (11) reports that in one instance six out of eight animals sicke-
ened, but recovered animals aborted dead calves within a few days. From
Dayton, Wyoming the same investigator reports that 10 cows had aborted follow=-
ing the ingestion of cat hay high in nitrate, Abortion results from the lack
of sufficient oxygen being furnished to the foetal circulation, The foetus is
asphixiated and is subsequently expelled or discharged as foreign tissue,

The symptoms of affected animals are quite characteristic. A rapid ac-

celeration of the pulse is first noted, This is followed by shortened quickened




respirations, trembling of certain muscle groups, weakness, staggering
gait and in some cases apparent blindness. The animal ceases to eat, soon
sinks to the ground on its breast, or may roll over and lie quietly on its
side with its mouth open. The rucous membrane and the tongue are blue or
gray in color, the sclera of the eyes has a brownish tinge, Blood drawn
from the animal will be a chocolate color. At this stage of the poisoning,
if no treatment is undertaken death will occur and this will come about
without the slightest struggle.

Treabtment consists of an intravenous injection of methylene blue ab
a rate of two grams per 500 pounds of animal weight but not less than two
grams in any case., The methylene blue is dissolved in water as a four per-
cent solution., Injection of this solution is usually done in the juguler
vein, Response to the treatment is almost instantaneous., The methemoglobin
is quickly reduced, the symptoms disappear and the animal which was near

death may begin to eat ﬁithin 10 to 15 minutes following the injection,
ITT, INVESTIGATIONAIL PROCEDURE

Ao  FIELD INVESTIGATIONS

(1) Landscape Areas 4And Ground Water In The Neepawa And Adjacent Districts

The terrain in the Neepawa and adjacent districts can be divided
naturally into four main physiographic or landscape areas.
((i) The Western Uplands Area
(ii)  The Upper Assiﬁiboine Delta Ares
(i11) The Lower Assiniboine Delta Area

(iv)  The Lake Basin Area

The soil-water regime differs in these respective arecas,
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The specific features peculiar to these, and which are related to
the present studies are as follows:-

(1)  The Boulder-Till Area of the Western Uplands - This area lies

west and north-west of Neepawa above the level of the land inundated and
modified by glacial Lake Agassiz. Physiographically it consists of an
undulating plain of clay-loam boulder-till resting on shale abt varying
depths. The topgraphy favors run-off which is responsible for the sloughs
and local hydromorphic sites in the depressions and basins. The water re-
tention capacity of the boulder-till in this area is approximately two
inches per foot, however, occluded lenses of water-worked deposits may cause
local variations. It is on the upper portions of the till deposits that the
profile of the soil association designated as Newdale is formed. Ground
water in this area is obtained from wells dug in the till and shale, Well
water appears to be derived chiefly from seepage through the till and also
through fissures in the shale,

(i1) The Upper Assiniboine Delta Area = This area lies between the

till area of the Western Uplands Area and the Campbell beaches of Lake
Agassiz. The most prominent of those beaches is commonly referred to as the
Upper Campbell Beach or the Arden Ridge., South of Neepawa the terrain con-
sists of sand dunes interspersed with smooth areas of sandy deposits on which
the soils of the Stockton Association have developed., In some places the
depth of these deposits is as much as 200 feet, Due to coarse texture, these
soils and their substrata have relatively low water retention capacitye.
Their porosity favors infiltration rather than run=-off,

Ground water is obtained in those deep sandy deposits through sand
points driven into what can be considered as a natural reservoir filled with

sand to a depth of about 20 feet above the level of the water,
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CROSS SECTION THROUGH SOILS AND
UNDERLYING GEOLOGICAL DEPOSITS

Figure I
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North of Neepawa the delta becomes ill-defined and gradually merges
into gravelly and sandy beaches, alluvial fans, shale outwash and water-
worked ti1ll deposits.

(1ii) The Lower Assiniboine Delta Area = This delta extends below

the Arden Ridge to Gladstone in the latitude of Neepawa and north to south
it extends from FPlumas to Carman. It stretches as a flat plain at a lower
elevation than the upper delta, and consists of a thin mantle of sand over-
lying locustrine clay and water-worked clay till., It is on this sandy mantle
that the soils of the Almasippi Association have developed, Despite their
porous nature, these soils are poorly drained internally. The sandy mantle
has a low water retention capacity but water which enters from the surface
percolates rapidly downward and is arrested by the clay substrata. This re-
sults in the periodic occurrence of a perched water table above the contact
betweén the sand and clay deposits. In periods of heavy rainfall the ground
water may be within three feet from the surface. Ground water is commonly
obtained from relatively shallow wellse

(iv) The Lake Basin Area = This area lies north and east of the Lower

Assiniboine Delta Area and consists of a lacustrine plain quite flat in out-

- line. The surface deposits vary considerably = they range from water-worked

till in the West Lake area, to silty and clay deposits in the Red River Plain.

Again, in the vicinity of streams, the lacustrine sediments may be covered by

- levees and flood plain overwash, North and north-east of the Lower Assiniboine

Delta Area, lake action has reworked and resorted the surface till into low

ridge and swale topography. These micro-ridges run from north, north-west to
south, south-east, At intervals and running in the same direction, well de—

fined ridges of gravel and sand were thrown up by Lake Agassiz during its

successive stages of retreat. BEast of the delta, extensive lacustrine sediments
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cover the Lowland plain, however, in certain areas these sediments are in
turn covered by flood plain over-wash.

(2) Variations In Ground Water Regime

Different water regimes occur under the various surface deposits in
the Lake Basin Area, On the Agassiz beaches and in the shallow lacustrine
sediments, water is obtained readily, in moist seasons, from shallow wells,
On the other hand, the deep lacustrine clay deposits do not favor easy per-
colation and ground water storage. Therefore, ;dugouﬁs here are used quite
extensively for storage of water, In the more porous sediments, wells of
shallow to medium depth are the commoﬁ source of water supply.

The preliminary field work in this investigation consisted of making
traverses through the Neepawa and adjacent physiographic areas. Along these
lines of traverse random samples of water were obtained from wells and
dugouts and tests for the presence of nitrate nitrogen were made in the field
at the site of sampling. By the use of appropriate symbols, all the infor=
mation obtained was plotted on a district mep as shown in Figure III, and
from observations made of the physical features of the region, a definite
lead was obtained, It became apparent, on the one hand, that nitrate con-
taminated well waters were of common occurrence in the Lower Assiniboine
Delta Area, in the mixed deposits at Neepawa and in the coarse textured beach
deposits of the Lake Basin Area, On the other hand, well waters tested in
the till plain of the WesternUplands Area and in the deep sand deposits of
the Upper Assiniboine Delta Area showed nitrate contamination to be only of
casual and widely scattered occurrence,

Once the distribution of nitrate-contaminated wells was ascertained,
and a general picture of the ground-water regime in the surface deposits of

the physiographic regions under study was obtained, an attempt was made to
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determine the source of nitrate nitrogen in the contaminated well waters,
The preliminary survey showed that nitrate contaminated ground waters were
most common in areas where ground water occurred at relatively shallow
depths or where a perched water table below the soil profile was present.,
Consequently, subsequent studies were centered on the ridged areas of the
Lowland Basin and in the Lower Assiniboine Delta where the above respective
conditions are encountered,

(3) Determinations Of Nitrate In Ground Waters

Tests for the presence of nitrate nitrogen were made on soil profiles
throughout the affected areca. These profiles were selected from fields hav-
ing different types of crop and also from areas supporting poplar and willow.
Tests were run on the different horizons in the soil profiles as well as on
the underlying ground water, During the month of August 1951, when this
phase of the survey was conducted, ground water was not present in any of
the tested sites under groves of trees, native grass, alfalfa grass mixtures,
or in some sites under crop., However, under fallow, row crops such as corn
and sunflowers, and under cereal crops in most sites, it was encountered at
about four feet from the surface., A few profiles investigated in fallow
fields showed the ground water to be at about 30 inches from the.surface.

The tests made on the different horizons in the fallow profiles re-
vealed the presence of nitrate nitrogen therein. (See Table No, I) The sur-
face horizon or zone of elaboration invariably had the highest concentration.
From there, as one progressed downward the concentration of nitrate decreased.
In the ground water, however, there proved to be an accumulation since the
quantity there was greater than at any place within the profile, At on speci~-
fic site tests made at intervals from August 20th to the 12th of October on a
profile in a summerfallow field showed that the above mentioned pattern held

true, 1l.€.
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nitrate nitrogen is elaborated in the surface horizon and is subsequently
washed down through the profile by rains. From the time that the first pit

was opened in August to the date of the last testing
- 5 =

the ground water had
risen from L0 inches to 30 inches from the surface, This was brought about
by 3.2 inches of rain which fell on the area during that time., Accompanying
the rise of the ground water was a reduction of concentration of nitrate from
30 parts per million to six parts per million., This reduction could have
been brought about by the appreciable dilution caused by excessive precipi=

tation or by lateral movement and replacement of the ground water or by both

of these factors,

TABLE NO, I

NITRATE NITROGEN IN FALLOW FIELD N.W, 1/l 27-1L-13 AT SUCCESSIVE DATES 1951

[T
°e oo
1)
X3

: Depth : Aug, 20 :: Depth : Septe. 18 :: Depth : Oct, 12
s O - 6t At s 0 =6": 10 ppm s O =10" ¢ 3 ppm %
s 7 -12" + s 7 =12" ;10 ppm s : :
: 12 -201" trace $3 12 =20% 8 ppm :s 10-20" : 5 ppm % 3
s 20 =30" 3 trace g2 20 =30" 3 trace :: :2.5 ppm %
s 30 =lon . trace s: : s : :
: ; Water at LoM s: s Water at 30"s: sWater at 32
: s 30 ppm s s : (%) ts : 6,0 ppm % s

Determinations made in laboratory; other figures are estimates made by
spot plate comparisons in the field.

1.
>

++ = Very high, and + = positive presence of nitrate on August 20, but not
measured quantitatively.

The results of similar tests made in fields under crops showed an abe
sence of nitrate or, if present, trace amounts only, Negative results were
obtained in all horizons of the soil profiles under crop as well as in the

ground water occasionally Ffound under row cropss (See Table II)
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Having completed that phase of study and being reasonably sure that
the quantity of nitrate nitrogen contributed by the soil to the well waters,
at the very most was in very small quantities only, it is imperative to look
for other causes of nitrate contamination, Nitrate nitrogen is an end pro-
duct of organic decay - to produce the concentrations of nitrate found in
some well waters would require quantities of organic matter far exceeding
those present in soils under ordinary field conditions., In seeking for or-
ganic accumulations, attention was directed to farmsteads. Here were found
organic accumulations of all descriptions = manure piles, pig pens, chicken
coops, corrals, stack bottoms in feed lots, seepage of liquid excreta from
barns etce

On aspecific farm (N.E, 1/L 26-11=11) in the Almasippi Soil Association
nitrate tests were made on the ground water under the farm fields. The con-
centration of nitrate was relatively low, On the other hand, tests on water
from wells located about the farm buildings contained large quantities of
nitrate, This striking difference of levels of nitrate in the ground water
below the farm fields and of that in the well water in the farm yards led to
a detailed study of the ground waters below the specifié farmstead and adja-
cent fields, A detailed plane table survey map was made of the farm unit
(farmstead and surrounding fields). Borings at selected points down to ground
water were made with a three inch soil auger. At every foot depth, soil was
taken and leached with distilled water and the leachate was then tested for
nitrate. When the ground water was reached, a rubber tube fitted with a
glass end was inserted in the hole and by suction, ground water was drawn up,
filtered and tested., The results obtained at every boring site were record-
ed on the map by appropriate symbols., As the boring progressed, a definite

pattern became apparent. Invariably the heaviest concentrations of nitrate



in the ground water were obtained in water from holes bored in the immediate
vicinity of heavy accumlation of organic matter. The usual accummlation of
manure about the barn, in addition to the liquid excreta seeping through the
barn floor and into the soil, supplied the ground water under it with an
abundant supply of nitrate. The organic accumulations under and around the
privy, chicken pen, pig pen, manure pile and the feed lot also were other
sites where excessively high accumilations occurred. Holes bored in the gar-
den showed the ground water to be nitrate contaminated although not to the
extent as that found immediately below the farmstead. As the borings pro=-
gressed further away from the farmstead and garden, the concentration of
nitrate in the ground water was observed to be less and less until a point
was reached where trace amounts or negative results were cobtained.

A copy of the plane table map of this farm is shown as Figure IV, The
locations of the respective bore holes are shown by numbers and the respective
concentrations of nitrate nitrogen in the ground waters are given in Tgble III,
The contaminated area as shown on the farm map is delineated by the dotted
line, A1l holes bored within that area showed that the ground water contained
nitrate in excess of 10 parts per million, (minimum toxic quantity recognized
by medical authorities) whereas holes bored outside that area showed the
grouhd water to be negative, or to conftain nitrate in non-toxic quantities,

The line of delineation indicates that contamination stops short west
and north of the farmstead, but on the other hand to the east and north-east,
it carries well into the adjacent fields for a distance of nearly one tenth
of mile,

A second farm unit (WeW. 1/L 3L-13-12) in the same soil association
was studied in a similar detailed manner, and the farmstead plan is here sub-

mitted as Figure No. V. The notations of the nitrate studies of ground watber
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TABLE NO. III
DEPTH TO GRCUND WATER AND NITRATE NITROGEN CONTENT
OF GROUND WATER FOUND IN BORE HOLES NUMBERED AND RECORDED IN FIGURE IV

N.E, 26-11-11 Almasippi Soil Association September, 1951
¢ Bstimated Ni-

[
(13
ec

2 2 s trate Nitrogen s s
. Bore= : Depth to ; content in ppm 2 s
H hole ¢ ground ¢ of ground water s
s . s water in : drawn from bore Remarks .
: Noo feet hole : :
: 18 s 665 : 1004+ + : Four feet from privy :
s 6 : 660 : 1004+ ¢ Chicken yard :
: 9 : 5.5 : 100+ : Tn front of hen house :
: 5 : 5.0 : 90-100 s Between house and barn s
: 11 : L5 : 60=75 : Garden .
s 19 : 6,0 : 60=-70 : Between house and privy :
: 27 : 6.8 : 60~70 s Field close to and east of farmstead :
. 28 : 640 : L0=50 : Field close to and east of farmstead :
: 31 : 640 : L0O=50 s Field close to and east of farmstead :
: 10 : 5¢5 : LO=50 s Field close to and east of farmstead :
: 8 : 5.5 : 20=30 s Field close to and north of farmstead :
: 3 : lie5 : 10-15 ¢ Near draw in calf pasture :
: 7 : L5 : 10-15 : Field close to and north-east of farmstead:
s 21 2 5.0 : 10-15 : Field close to and east of farmstead s
T T Barn welI No. I~ T T T1o0ws ¢+ T T T T T :
s  House Well Ho. 2 : 60=T0 : _ :
: 137 72T T 5,57 7.7 T Ttrace 3 : Very close to gardem :
: 32 H 5.9 H trace : Field close to and north-east of farmstead:
: 12 : * : High surface : g
H : ¢ concentration ¢ Garden 2
: 20 : 5.0 : trace + Qat field :
s 22 : 660 : trace s Corn field :
2 2L : 6.5 : trace s Hay field .
329 = 6.0 _ _: trace : Oat fiedd :
: 17T "L T T T TWIT T T T Y Oat Field .
: 2 H Le2 : Nil s Oat field H
: i : 665 : Wil : Yard north-west of farmstead :
: 33 : 660 : Nil : Yard west of buildings :
: 3k : L1e0 : Nil : Yard south of barn :
: 1k : 5.5 : Nil : Grass pasture field :
: 15 : 565 : Nil : Grass pasture field :
: 16 : L.5 : Wil : Fallow :
: 17 : 3% : Nil ¢ Fallow :
2 23 H 60 s il : QOat field .
: 25 : 665 : Nil : Hay field (alfalfa) :
: 26 : 6.3 : Nil : Grass pasture :
s 30 s 70 : Nil : Hay pasture (alfalfa) :
: 35 : 5.0 : Nil : Corn field :
: 36 : 660 : Nil : Hay field (alfalfa) :
: 37 s 6.0 : il : Grass pasture :
: 38 s 640 1 : Grass pasture s

¥ Water extract - no ground water obtained
1 Very high concentrations - well over 100 ppm
2 High concentrations =~ above 100 ppm

3 Below 10 ppm = hence non toxic concentrations



FIGURE 0. V.
NITRATE STATUS OF GROUND WATER
ALMASIPRL SOIL ASSCCIATION
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TABLE NO, IV

DEPTH TO GROUND WATER AND NTITRATE NITROGEN CONTENT

OF GROUND WATER FOUND IN BORE HOLES NUMBERED AND RECORDED IN FIGURE V

Estimated Ni-
trate Nitrogen

: : Depth to : content in ppm ¢ :
¢ DBore= : ground : of ground water : :
: hole ¢ water in ¢ drawn from bore Remarks H
2 o, H feet 2 hole H H
2 1 s 665 : 100+ 2 : Farmyard - 75 feet east of barn :
: 3 : 6.5 : 100+ ¢ 01ld building site s
: 23 s 6,0 : L0O=50 : 50 feet east of house :
: l : 5,0 : 20=30 : Stockyard :
: 8 s 6.5 : 20-30 : Road zllowance north-east of farmstead
: 16 : 5.5 : 10-15 : Thirty feet north of old building site
: 2 s 6e5 : 10-15 : Oat field north-cast of farmstead :
: 9 ¢ Sebx : 10-15 : Road allowance north-east of farmstead
¢ 2l i 540 : 10-15 ¢ Fallow, clean and free from couch grass _:
T WellNo, 2 ~ T T T TIas T T T yT TS ToTToToToT :
2 _Well Nosl R - R :
: 5 : 5.0 : trace - s Fallow field .
: 6 : 5.0 : trace : Oat field near fallow :
: 27 : 5.0 : trace s Oat field near fallow :
: 11 ¢ 565 s trace s Oat field :
: 12 s 565 : trace : QOat field :
: 25 ¢ 5.0% trace : Fallow, couch grass in festation :
i %z 5e0%_ s _ _brace __ : Road allowance north of farmstead _ _ _ _:
: 10 : 5.0 s Wil : Road allowance north of farmstead :
: 13 : 55 : Nil s Oat field g ol
: 7 : Oo3% : Nil s Qat field :
: 1k ¢ 5.5 : Nil : Field north-east of farmstead and road
: 15 ¢ 5.5 : Nil : Field north-ecast of farmstead and road
: 19 s 5ehx s Wil s North-west corner of farmstead :
: 20 s Sebu 2 Nil ¢ West of garden and farmstead 8
: 21 : 5.5 : sl : South-west corner of farmstead :
: 22 : 5o5u : Nil : Fallow :
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TABLE NO, V
DEPTH TO GROUND WATER AND NITRATE NTTRCGEN CONTENT OF
GROUND WATER FOUND IN BORE HOLES NUMBERED AND RECORDED TN FIGURE VI

»
e

Estimated Ni- :
trate Nitrogen

content in ppm

e sn oo
Y}
%9 w®e oo

: Depth to
Bore~ : ground : of ground water

: hole ¢ water in : drawn from bore Remarks H

P Noe = feet hole : :

: 1 : 70 : 100++1t ¢ In barnyard close to chicken house :

: 3 : B0 : 100++ : About 12 feet east of barn :

: L : 6.0 : 100++ : 50 feet north of barn close to haystacks :

: 5 : 6.0 : 1004+ ¢ In chicken pen port", north-east of barn s

: 15 s 6.0 : 100+ : About 50 feet east of chicken house(bareground:

: 16 : 6,0 : 1004+ : At east end of shelter belt g

: 17 6.0 : 100++ : In pasture north-east of shelter belt g

: 18 : 6,0 : 100++ : Pasture 12 ft, north of ravine and north-east:

s s . . of farmstead TN,
© ° 3¢5 y 100++ * Hast of barn north-east of privy MJuetocarden Sl
32 L0 : 100+ 2 ! Fallow field near yard fence

L2 5,0 : 100+ * About 15 ft. north-east of privy

a1 : 5.5 : 100+ ‘ Close to shelter belt north-east of Larmstead'
P29 P 2.0 : 100+ * In heavily manured field ,

: 2L s 560 100 : Heavily manured field :

: 26 s 3.0 : 100 : Heavily manured field :

s 22 : 5.5 : 75 ¢ Due north of barn 100 ft. north of shelter belt:

: 28 : 3.5 : 75 : Heavily manured field :

: 25 s 360 : 50=60 : Heavily manured field :

s 39 . 160 H 50 ¢ Pasture near ravine north-esast of farmstead

: 1L H 60 : 30=-L0 ¢ Close to and east of chicken house :

s L3 : 360 : 20-40 : Eastern extremity of heavily menured field

s 11 s 6,0 : 25-35 ¢ Garden :

: 6 s 6.0 : 15 : West of barn about 20 feet away from corner

: 3 : 3.0 : 15 : Heavily manured field :

: 2 : 560 : 10-15 : About U0 feet south-east of barn :

: 8 : 5.0 : 10 : Pasture west cf barn :

: 20 : 6,0 H 10 :+ Pasture north of farmstead some distance fromg

. R . . latter .

. 30 . 3.5 : 10 . Heavily manured field :

T W0 T T L0077 T T %race 37 T 7 In pastuTe north-east of barmyard s
: 3L s L5 : trace : Fallow after corn T :

: 33 : L0 : trace + Fallow after corn :

: 19 5.5 : trace : North-east of farmstead some distance in figld:

s 27 : 2.5 : trace : Heavily manured field :
PTG : 5.0 : trace : Fallow sown to oats T pds
s 23 2 5.5 : trace : North of farmstead beyond shelter belt I
:_ 9 _ .+ 5,0 _z _trace _: Inoat fiedd :

= 10 : L1e5 : nil ¢ Wheat field - grain about 3 inches long :
¢z 6.0 : nil * Qat field :

: 13 s 660 nil : L £t, east ofprivyatfoot of cottomwood caragana :

: 35 : LeOx s nil : Brome - alfalfa mixture (Pelt :

: 36 : L0 nil : Brome - alfalfa mixture :

s 37 : S0% nil : Fenceline west end of alfalfa field :

: 38 : 5.0 : nil : Fenceline - heavy grass growth :

: L5 : 5e5 : nil : Pasture .
:Creek west of barn nil : 3




FIGURE NO, VII
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NITRATE STATUS OF GROUND WATER
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TABLE NO. VI

DEPTH TO GROUND WATER AND NITRATE NITRCGEN CONTENT

OF GROUND WATER FOUND IN BORE HOLES NUMBERED AND RECORDED TN FIGURE Vit

Hello

3L-13-12 Almasippi Soil Association June - 1953

% 4o o

1YY

Bore : Depth to :

Estimated Ni-

: trate Nitrogen

hole : ground :

content in ppm

of ground water :

drawn from

e
.
»
£3
e

3

(1

: Noe : water in : bore hole : Remarks :
: : feet : :
s 1 : & : 100444 ¢ About 10 feet east of privy and in barnyard :
s 2 : 6 : 100++ : In barnyard :
: 8 : L : 100++ : East of barn (about 50 feet away)

: 15 : 5 : 100++ : North-east of barn (60 feet away) :
: 26 : 5 : 100++ : Feed lot (bare ground) :
¢ 30 : 5 : 100++ : In heavily manured pasbure adjacent to :
: H : : manure pile :
: 35 s Le5 : 1004+ : Near manure pile in pasture :
: 5 : 5 . 10042 : Pasture (grass) east of barnyard :
s 16 : 5 : 100+ : 10 feet north of hen house

: 19 : 5 : 100+ : Pasture east of farmstead :
: 21 : 5 : 100+ : Garden :
: 6 : 6 : 100+ : Pasture (grass) east, north-sast of farmstead:
s 27 : Sx% : 100+ : Pasture near feed lot and manure pile :
: 11 s L5 : 100 : Due east of barnyard in pasture :
: 13 : 5 : 100 : Pasture east of barnyard (close to latber)
: 31 : 5 : 80-100 : Heavily manured pasture south of farmstead
¢ 18 : 5 : 80=90 : Bast half of garden :
: 33 : 5 : 75 : Heavily manured pasture south of farmstead
¢ 9 s LS : 75 s Pasture east of barn, close to latter :
HE N : 5 s 60=-75 ¢ Short distance east of garden :
: 32 : 5 : 50=-60 ¢ Heavily manured pasture south of farmstead
: 3 : 5.5 : 25-35 : Close to and east of pig pen and old bldg.site:
: 29 : 5 : 10 : Pasture east of manured area :
2 34+ B5_ _:_ _ 10 : Lane near dugout :
BT Ty 3 T T T T I0RT T T Gl Gobam md vy T T T T T T ;
: 7 : g : Trace : About [0 feet west of barn-grassed .~~~ :
s 22 : 5 H Trace : About 150 ft. north, north-east of farmstead :
: H H : at foot of tree belt :
: 127 T T 5 T Ty T T TailT T T 7T 7 FaSture due east of Tammstssd T T T T~ s
: 1h : 5 : nil : Pasture north-east of farmstead :
: 2 : L : nil ¢ Grassed road azllowance west of garden :
s 2k s 5 : nil : North-east of farmstead quite some distance in :
: : : ¢ field :
s 25 : 5 : nil : Grassecd arsa south of house to west of farmsteads
: 28 : 5 : nil : South-east of farmstead some distance in field:
: L : 5 : nil : Pasbure south-east of farmstead :
.+ 10 : 5 : nil : Pasture due east of farmstead :
s 12 H 5 : nil s+ Pasture duvue east of farmstead :
: 36 : 5 : nil : Grassed yard south of house :
s 37 : 5 : nil ¢ Grassed road allowance north of farmstead :
: 38 : 5 : nil ¢ Grain field :
: 39 5 : nil : Stubble :

S e e e e e e e M M o e e T r o e oma e

Well No., 1

Horth of house and in heavily grassed area
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are recorded on Table No. IV. As in the first farm studies, nitrate con-
tamination of ground water was centered about the farmstead. As before,
. contamination stopped short of the buildings and organic refuse to the west,
south=west and north-west. To the east and north-sast the contaminated
ground water area drifted out into the fields in a more definite tongue than
was noticed on the first farmstead,

During the latter part of June, 1953, the ground water of the same
two farm units was again tested for the presence of nitrate nitrogen. The

striking similarity of pattern of the contaminated areas about the respect-

ive farmstead between that obtained in the fall of 1951 and in June, 1953,
can best be noticed by comparing the plane table maps of the farm units under
study made at those respective dates, (Figures IV, V, VI, VII). The nitrate
contaminated tongued area protruding north-east away from the farmstead and
into the adjacent fields is in evidence on all the maps. Contamination is
also seen to stop short of the farm buildings and organic refuse to the west,
south and south-weste.

| During the winter of 1952 - 1953 the farm operator on the N.E. 1/L
26=11-11, heavily menured (at least 25 tons per acre) one of the fields adja-
cent to his garden. This specific field is shown on Figure VI. The ground
water tested under this field was positive from one end to the other with the
concentrations of nitrate ranging from trace guantities to over 100 parts per
million, Tests on the ground water under the fields flanking this heavily
manured patch showed that nitrate was either absent or present only in non
toxic quantities,

Ground water under a pasture located south of the farmstead on the

WeWe 1/L 3L=13-12, as shown on Figure VII was found to be positive., This par-

ticular portion of the pasture in addition to being heavily strewn with manure
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as a result of litter dropped from the manure wagon and stone-boat, con=-
tained a manure pile, old feed-stack bottoms, and served also as a corral
for about 35 head of cattle. A flock of some 250 turkeys also roamed this
area during the season.. (The area under discussion is situated immediately
east of the dugout and south of the farmstead.

During early October, 1953, the third and final detailed study of
the ground water under the same two farms was conducted, In the immediate
vicinity of the farmsteads gnd gardens of both farms the pattern found in
the two previous investigations still persisted. The field on the N.E, 1/L
26-11-11 which had been heavily manured during the previous winter, had
supported a heavy stand of corn during the summer. Ground water under this
field now was free of nitrate, On the other hand the pasture on N.W. 1/L
34-13=12 as shown in g;gure IX was still harboring an abundance of organic
matter at its surface and the ground water was still laden with nitrate,

During preliminary investigations it had been found that many wells
situated in little towns and villages that were located in the Lower
Assiniboine Delta Area, or on gravel ridges of the Eastern Lowlands supplied
water that contained toxic concentrations of nitrate nitrogen, Tests of
different horizons of the soil profiles and of the ground water showed that
the greatest concentration of nitrate nitrogen were invariably encountered
near privies or in gardens., However, when one bears in mind that each and
every lot in these little towns or villages has garbage receptacles in addi-
tion to one or both of the above mentioned items behind the house and that
the well is usually in the vicinity of these supplies of organic refuse it is
not surprising to find the well water to be laden with nitrate. Furthermore,

most of these local sites have been habitated for well over a halfJ%gg@ggg;
7 ; oy W%.%w ]
and consequently the profile and subsoil are well supplied y{f :

H

tH organic m

T R
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TABLE NO. VIT

DEPTH T0 GROUND WATER AND NITRATE NITRCGEN CONTENT

OF GROUND WATER FOUND IN BORE HOLES NUMBERED AND RECORDED IN FIGURE VIIT

NeE, 26-11-11 Almasippi Soil Association October - 1953

Estimated Ni- s
trate Nitrogen

H s Depth to : content in ppm :

¢ Bore : ground : of ground water : 3

¢ hole : water in ¢ drawn from bore : Remarks :

s No, @ feet : hole 2 .

s 21 660 : 1004+ ¢ I0 feet north-east of barn :

s 22 6.5 : 100++ ¢ Behind haystacks :

: 23 ¢ 7.0 : 100++ : Chicken pen

: 2L ¢ T+5 : 1004+ : North-east and close to shelter belt/%fénmﬁﬁaﬁ

: 29 740 : 100++ : North, north-ecast of barn about 200 ft. away ;o
s 13 ¢ 8.5 : 100 : Alfalfa field north-east of farmstead g
s L2 5 6.5 : 100 : Close to chicken house :

s 1L s 740 : 75 : Grain stubble : ¢
s L1 s 8.5 : 75 s Alfalfa field s

s L ¢ 6.0 : 10=50 : 10 feet south of house well :

: 30 ¢ 6.5 : 30-40 : 75 feet north of barn :

: 3 ¢ 60 : 25 : Cornfield heavily manured previous winter :

: 15 ¢ 540 : 25 s Close to house :

s 25 3 7.5 : 25 : Pasture north, north-east of barn :

s L3 ¢ 6.0 : 10-20 : About 15 feet east of privy :

2 L ¢ 6.0 : 15 : Garden ' :

s 31 6,5 : 15 s About 30 feet north-west of barn :

2 35 i 6.5 : __ _ 10 _: Corral north-west of barn :

s Housewell =~~~ 3 100++ ~ 3 About LO feet north-east of nouse :

:_ Barnwell __: _ _ _100#+ _ : 15 feet east of barn _ o

: 1 7 : nil s Mfalfa T~ T ToToT :

: 2 : 7 s nil s Oat stubble .

: 5 8 : nil : Oat stubble and grass :

: 6. 3 5.5 : nil s Wheat stubble s

: 7 1 665 : nil : Oat stubble and grass s

: 5 7 : nil : Cornfield :

s 9 H 7 : nil : Cornfield :

: 10 5 : nil : Oat stubble s e
s 11 2 6.5 : nil : Alfalfa field - g
: 12 7.5 : nil : Pasture north-east of farmstead quite removed:

: 16 6,0 : nil : Blue grass mixture west of house (from latter:

s 17 ¢ 6,0 : nil : Wheat stubble ' :

s 18 7,0 : nil : Oat field stubble :

s 19 8.0 . nil : Oat field stubble :

: 20 3 6,0 : nil ¢ 15 feet south-west of barn s

s 26 7.0 : nil ¢ Pasture north-east of farmstead s

s 27 ¢ 6.5 : nil : Pasture :

¢ 28 ¢ 7.5 : nil ¢ Pasture :

: 32 : 7.0 : nil ¢ Qatfield stubble :

s 33 ¢ 6,5 : nil ;s Oatfield stubble :

« 3 2 3.8 : nil « In creek west of barn :

: 36 ¢ 6.5 s nil + Fasture :

+ 37 ¢ T.0 s nil s Pasture s

: 38 1+ 7.5 : nil : Pasture :

s 39 ¢ 7.0 : nil : Pasture .

s Lo ¢ 6.5 : nil : About 150 feet east of chicken house on heavy:

grassed fenced line

ve
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TABLE NO, VIIT

DEPTH TO GROUND WATER AND NITRATE NITROGEN CONTENT

OF GROUND WATER FOUND IN BORE HOLES NUMBERED AND RECORDED IN FIGURE IX
NeWe 3L-13-12 Almasippi Soil Association October, 1953

Tistimated Ni-
trate Nitrogen
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House Well

s s Depth to : content in ppm :
s Bore-~ & ground ¢ of ground water :
: hole : water in : drawn from bore Remarks :
: Noo : feet 2 hole s s
: L s -7 s 1004+ 1 ¢ 100 feet north-east of barn s
: 5 : 645 : 100+ ¢ 100 yards north=-east of barn 'y
: 9 : 6.0 : 100 ¢ 01d stack bottom site south of house .
s 11 s 6.5 : 100 ¢ Manured pasture :
: 12 : 7.0 : 75 . Barnyard L feet west of pig pen :
: 28 : 6.5 : 75 : Garden (bare surface) :
: 6 : 7.0 : 50=60 : North-east of farmstead near road allcwance:
: 13 s 6.5 : 50 : Pasture east of farmstead :
: 17 : 6.5 : 50 : Matured pasture south of farmstead

: 30 : 70 : 50 : Garden :
: 18 s 760 : Lo=-50 : Manured pasture :
: 29 s 6.5 : Lo=50 : Bast edge of garden :
s 27 s 665 s 30=40 s Garden :
: 33 s 6.8 : 30-L0 : Garden .
: 3 s 6,8 : 25 s 15 feet south of barn :
s 19 s 6.5 : 15=25 : 200 yeards north-east of dugout s
.2 _ s 10 _ s _ _ 15 __ _ _zGardem _ _ _ _ _ _ _ _ __ _______=
: Barn Well s Trace :+ Close to barn and hog house :
s 1 s 70 s trace 3 : Couch grass south of house HEE
: 21 760 : trace : Pasture LA
P_%__ A 1.0 _ s trace _ _ f 100 feet north of barn _ _ _ _ _ _ _ _ _:.
: 2 6.5 : Nil : 5 feet south of old privy site :
: 7 i 6.5 : Nil : North=-east of farmstead across road :
: 8 : 6.0 : Wil : Couch grass north of dugout g
s - 10 s 640 : Nil : Couch grass south of house :
s 1l : 6.5 : Nil : Pasture some distance east of farmstead
: 15 : 6,5 : il : Pasture east of farmstead :
: 16 : 6,0 : Nil : Pasture east of farmstead :
: 20 : 760 : Nil : Pasture south-east of farmstead quite :
: : : ¢ removed from latter :
s 22 s 6.5 : Nil : Pasture east of dugout 2
: 2l H 7.0 ¢ Nil ¢ 30 feet north-east of house gl
s 26 : 8.5 : Nil ¢ At foot of shelter belt eastern extremity s
2 31 s 6.5 : Nil + Road allowance dense brome rorth of farmsteac
s 32 s 6,0 : Nil ¢ Road allowance :
s 3L s 6.0 : Nil : Road allowance west of farmstead s
: 35 s 6.5 H Nil : Ploughed couch grass south of house :

=
l..J

North of house and in heavily grassed area;

[T 1Y
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in varying stages of decay. These two factors; namely, the length of time
of habitation and the large amounts of organic wastes decaying with their
end products being washed through the soil and into the ground water, account
for high concentrations of nitrate in the water supply of these habitation
sitess

(L) Determinations Of Nitrate Im Surface Waters

It has previously been stated that samples of surface water along
with well water samples were tested for nitrate during the initial traverses
made throughout the Neepawa and adjacent areas. In 1951, surface water from
roadside ditches, creeks, rivers, sloughs, natural ponds and dugouts was
tested for the presence or absence of nitrate nitrogen. Of all the bodies
of surface water mentioned, only an occasional dugout was found to contain
nitrate and where the test was positive, the quantity of nitrate was only in
trace or non-toxic concentration. Natural ponds and dugouts even in the most
unsanitary sites were found to be free of nitrate, Such 5 case is well il=-
lustrated where, on one particular farm there is a natural pond in the centre
of the farmstead., Here run-off carries pollution into this depression from
every corner of the manure besprinkled yard. In many other instances cattle
and flocks of ducksand geese had access to bobh natural ponds and dugouts -
excreta from these animals could be seen at the waters edge, yet the tests
for nitrate were negative,

From data supplied by the Department of Health, the comparable records
of nitrate in dugout waters and the nitrate in well-waters on the same farms
were tabulated and are oresented here in tabular form as Table No. IX.

The negative or very low levels of nitrate in dugoul waters shown on
this table (Table No, IX) are in striking contrast to the nitrate levels in

the adjacent located well waters., Italso may be of some interest to note that
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in three of the comparisons shown on this table, the waters from stable
wells show higher concentrations of nitrate than waters from house wells.

For a time during this particular phase of the investigation it was
thought that an exception to the rule had been encountered., At Langruth
there is a lérge dugout which serves as the village water supply. As can be
seen on Migure X, the village itself is situvated on a gravel ridge while the
dugout is at the foot of this ridge. From all appearances, the best of
sanitary conditions have been put into practice here., A high fence was built
around the dugout to keep animals from wandering into the water supply and
which also (for a time only) kept the investigators out. Initially water for
the nitrate test was obtained from a tap protruding from the pumphouse which
encloses a pressure system. This water obtained, contained nitrate in toxic
concentrations. It was assumed from tests of the water from this well that
dugout water was contaminated with nitrate., Another dugout situated at the
foot of the same ridge but some five miles south of the village, had water
that was nitrate free and it was therefore decided to go back and take a sample
’ directly from the dugout itself., The test showed that this dugout water also
was free of nitrate nitrogen and therefore the water that had previously been
tested was not all pumped directly from the dugout, but was contaminated by
ground water seepage from below the village,

(5) Determination of Nitrate Leached From Soils

In the initial stages of the investigation, random tests on the soil
profile throughout different fields had shown that the quantities of nitrate
nitrogen elaborated in fields under crop were too low to appreciably affect
the nitrate status of the ground water. Ab any rate it soon became evident
some source other than, or in addition to the soil was responsible for the

excessively high concentrations of nitrate encountered in certain local wells,
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Whether it was only at the time of examination that small quantities of ni-
trate were elaborated under field conditions was not known, OSome means of
ascertaining the quantities and pattern of nitrate elaboration and the sub-
" sequent dowmward movement to ground water had to be found., Such a project
to be of any value, would have to be in operation from the onset of soil
microbial activity in\the spring to the time such biological action was in-
hibited by low temperatures in the fall,

An experiment therefore, was planned under field conditions so that
leachate from the surface soil horizon or zone of nitrate elaboration could
be collected following rains that would supply moisture in excess of field
capacity. Analyses subsequently were made to determine the nitrate content
of this leachate and thus ascertain the amount of nitrate added to the ground
water from the soil under the various conditions. The most common field crops
and cultural practices in the affected area are alfalfa and sweet clover,
grasses, cereals and fallow, hence a set of catchment pans were installed in
a representative field under each such treatment. For purposes of comparison,
a fifth installation was made at a high organic matter refuse site on the
Agassiz gravel ridge at Arden.

Pits a yard square and 30 incheé deep were dug in each of the five
locations., Wood cribbing was installed to prevent cave-in, Slits were opened
through this cribbing and flat metal troughs 30 inches long and 12 inches wide
were inserted horizontally under the dark colored surface horizon. Zach
trough was on a slope of three inches and protruded six inches inside the pit,
hence, leaving two sqﬁare Teet of metal surface for arresting the percolating
soil solution on its downward movement. A small pipe welded to the trough
served as an outlet, and an attached piece of a rubber tubing connected the
latter to a Uinchester flask below. A triplicate installment of these leach-

ate "Catchment Units" was made at each pit.
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No leachate was obtained from the field units in the summer and fall
of 1953, At that time this was attributed to the failure of the seasonal
rains to provide soil moisture in excess of field capacity. On the gravel
ridge where entirely different conditions prevailed, some leachate was col=
lecteds The high porosity and relatively low molsture retention capacity of
that surface horizon combined to make ideal conditions for percolation of the
soil solution,.

In the spring of 1954 heavy rains fell over the area and again no re-
sults were obtained under field conditions. Close observations following one
such downpour showed that only a fraction of the water that fell penetrated
into the soil, Furthermore, ﬁhe amount of water in excessof field capacity
that did enter the soil was prevented from flowing to the outlet by adhesion
forces at the contact point of metal and sand, To overcome this adverse
condition, a gravel lense about one inch thick was placed on the pans thus
breaking the direct contact between sand and metal. To pfevent surface run-
off, a tin enclosure of equal area to that of the pan was placed directly above
the latter at the soil surface, This tin enclosure penetrated two inches be-
low the surface and protruded four inches above, Water falling within this
area could not run into the nearby micro depressions or drop over the end and
into the pit and hence, it had to penetrate into the soil.

Subsequent to these alterations, rains supplying moisture in excess of
field capacity produced results, A close check-up was maintained on the
amount of precipitation falling over the area, and whenever it was thought there
had been sufficient rainfall to supply moisture in excess of the retention capa-
city, (depending on the moisture conditions in the soil before the rain) a trip

vas made to the experimental sites, Whenever leachate was present in the con-

tainers, the volume was measured and recorded., Aliquots were then brought into
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the laboratory and were either analysed immediately upon arrival or else
placed in a refrigerator and the determination made the following day.
Jackson's method (2l) was used for making this quantitative nitrate deter-
mination. Table No, X records the monthly mean volumes of leachate obtained
per two square feet of surface from the different sites together with the
concentration of nitrate nitrogen in the respective leachates, The amount
of nitrate nitrogen removed from the surface soil at the respective study
sites, during the months of June to October, 1954, was calculated as pounds
per acre and recorded in Table No, XTI,

B,  LABORATORY DETERMINATIONS OF SOILS USED IN "CATCHMENT" STUDIES

When the leachate "catchment units™ were installed, samples from the
entire MA" or surface horizon were taken from each site and brought into the
laboratory., Here, analyses to determine total nitfogen, organic matter con-
tent, texture and moisture retention capacity were carried out because the
amount of nitrate elaborated and subsequently washed through the soil profile
and into ground water is affected by these various components.

A composite surface horizon sample was taken at each “catchment unit!
hence three samples were obtained from each experimental site. These samples
were air dried, passed through a two millimeter sieve and thoroughly mixed,
The following methods were used for making the respective determinations,

Nitrogen - Total nitrogen was determined by the Kjeldahl - Gunning -
Arnold method as outlined in "Methods of Analyses" - A.0.4.C, fifth edition
1940,

Organic Matter - Organic carbon x 1.72h. The organic carbon was de-

termined by wet combustion, The method used was a modification of the methods

given by Adams (L) and Waynick (L2) 193l




- 53 =

H g°2 H 0£0°0 H 0£0°0 s 240 H €0°0 : 1800790 :
: 7°4T : L00°0 : 09T°0 : q9°€ : TO°0 :  gequeqdeg 8
: 8°1 : 000°0 3 €00°0 3 TO°0 : 50°0 : qsndny s
: 9°0 : L00°0 : 020°0 : 90°0 : g2T*0 : Lnp 3
: 2°g : 020°0 : 00T°0 : 9€°0 : A REY : aunp :
s 81TS osnioy PLO : SWoIg T SSeID=-BJ1BILV * MOTTeq s ULedn) : :
: JIepun T1Log : Yauon :
NETYII0I00 O HNAL (ENIVIEO AIVHOVAT J0 SHENNTOA HWHI Ho¥d QEIVTINOTYVD) °SHIIS Tanss
TATLOMASHY FHI IV TI0S HOVJUNS HO¥d UIAOREY *H¥OV ¥ad SaNAOd NI NEDOMIIN IIVEIIN
e
IX °ON H19v¥
ogegrT ¢ a1 PL°0 % 496 P 0°C * 0092 ¢ €°gz ¢t 49 ¢ L0 ¢ 0Q6 3 18qoq00
AN 2€92 M0 ¢ S9€ 2 8°0 ¢ GIGE * WCLT ¢ o2t ¢ €°0 ¢ LLg 3 aequeadsg 3
¢oge69 ¢ L6ET 00 t gl A BTN P 9°%CT ¢ 9T :g°TT: 69 : qsndny ¢
¢ o°¢n @ 0le P g2 v 29 e g6 PTPOT ¢ ST ¢ Mzt 096 ¢ Lrop ¢
3 2°65 ¢ qlze $T°T ¢ f2g $0°T ¢ 4202 ¢ 6°¢C ¢ 043T ¢ O°T ¢ Mesg ¢ sunp :
¢ NEon * egmyoeeT * NEON ‘eqeyomeT® NEON ‘eqeyoeeTi NEON‘oleyOEST: NEQON $89BUOBATS :
: wdd 3 )  wdd ¢ °5°0 5 wdd ¢ egep 3 wdd 3 epen ¢ wdd 3 eo°n YU} s
H 21TS 9snisy pTo ¢ auoag ! SSeID=-BITBITY: noTTeyg : UTBID H H
s Japun TToS : :

(96T “¥ad0I00 O @NAL)
AIVHOVET WHI NI NIDOUIIN HIVELIN 40 (Mdd) SNOIIVEINTONOD NV X THINOW QNY °Sd0d0 INTELILIq
gIaNn TI0S J0 TS FUVADS OMIL (HIVOITINY Hid INTYIH0 (°0°D) HIVHOVET J0 STWATOA NVAWN ATHINOH
¥ °ON HIAYL




- 5& -

°fe1o pur 9TTS ‘pues Jo quStem ALrp-usio

uo paseq aae sodequedted sosATeEUY TROTURYOSH
ATUO sSOT pPUB °W'W Z JO SUOTIOBIJ UO STSATRUY
: weo : T : S : : : : :
spues suTyg¥:  LG°S : 0€°22 : €T°2L @ S6°ST : 92°LT ¢ TL°OT = O2°TT : Lz°2T : 9118 ¢
: : : : : : : : : : asnrey PTO
: PUBS OUTI @ TI°6 3 TO°N = 08°98 : L9°Ng = 18°65 : T9°T : €9°0 : €£I°0 noTTe 3
¢ pues SUTLJ ¢ 809 ¢ QT°z ¢ ML°TE ¢ 2G°T ! €0°SQ * TH°E * 9g°0 3 ghi°0  ‘tssean-eJTeITY *
Ppues eutg o TE°L FLQ°€ 3 g2ege ¢ LSeh ¢ L6°€L ¢+ l9°g * TL°O ¢ 0€°0 ¢ suoag *
3 PUBS SUTLY ¢ 9¢°6 ¢ glei ¢ og°qg ¢ fg®6g ¢ figegy ¢ Q9°0 & MT°0 ¢ 90°0 ¢ UTBIY ¢
2 aangxel ¢ Lern ¢ pﬂﬂn d pUBS ¢ OUL ¢ QUL ¢ UNTpel & 8SIB0) & 8SIBO) ¢ 99TS :
s ¢ quUe0Le  fqUedIsd $ queoxod ¢ ALIsp 3 : 3 2 Arop @ Jo :
s s : H : SUOT3O®RI] PURS SNOTIBA JO qUoogdd ¢ doan s
SALLS IVINGATHEIXH ¥0 SUTITd INIYIALIQ WHI HO¥d SII0S J0 SHSKIVNY TVOINVHDA
IIIX “oN FIgavd
seqeoTTdes € JO UBSW ® 8B SJIndT ¥
: Ge°T : 96°112 : OL°*fT *  06°0T ¢ 29°9 : 6L°0 ¢ olTg ¢
: H : H s s : asnIey PIO ¢
: 48°0 : 0g°g : 09°T 4 €lL°9 ¢ 8670 : TT°0 ¢ MOTTRY ¢
¢ 29°0 : 9€°9 : 0z°e : 0L°0T * S2°T : ARRY) $SSBAD-BITEITY ¢
: L9°0 $ 96°9 ‘ 06°T : 01°6 © 2I°T : 21°0 : swoayg ¢
: ST°T : 0g°1T : 0og°¢ : 9116 P06°T : 20 : utedy s
H 2007 8] : queTeATObY ¢ Jo999%[ ¢ 0T13®Y ¢ uoqJaen : UeBOINTN ¢ 217TQ :
¢ sayoul ut fqToeden : SIN.STOR ¢ otuB3ay ¢ usBoaqIy ¢ oTuedap 3 TB2.07, : J0 H
§ UOTQUO8Y 2JNISTO[ o s quedasd 3 -UOGIER) s QUOdIS] ¢ QueoIdd ¢ doap :

mwaHm IVINENIYEI X INHHIIATA JHL WoUd TIOS J0 ALIOVAVD ZOHBZMBMMWWMDHmHOE Ny “INTTYALOOE TUNISTOR

e == == — = = s s}
YILIVI DINVOUO “OILVY NIDOUIIN-NOGYUVD ‘NOoguvd DINVOMO *NEDOUIIN TVIOL

ITX °ON FIgVvl



Moisture Retention Capacity - The moisture retention capacity of the
soils were arbitrarily &etermined by factors based on the moisture equivalent
values, The method used for moisture equivalent determinations was that of
Briggs and ¥cLane (12).

Mechanical Analysis = The percentages of sand sllt and clay in the

respective soll samples were debermined by the method outlined by Kilmer and
Alexander (27) with minor variations. The.results of the various analyses

are presented in Tables No, XII and XITT,

Ce BIOLOGICAL STUDIES

In the early fall of 1953, a representative sample of water (composite
of different depths) was taken from a dugout adjacent to the cemetery south
of Langruth, and brought into the laboratory in order to maeke a microscopic
study, and thus identify the different forms of life contained,
Water from the dugout was brought in on two separate occasions (Sept.
26 and October 16) and until identification had been carried out, these
samples were kept in separate containers, Prior to, and including the time of
the first sampling, the temperature had remained 10 - 12 degrees above frost
{even during the night) and consequently meny forms of 1life that one wuld en-
counter during the summer months (except the most highly sensitive to lower
temperatures) would be found, Fufthermore, the green masses of floating
organisms seen on the surface of the water in these dugouts during the summer
months were still present, adding further evidence that no great changes in
the forms of life had yet occurred, Between the time of the first and second
sampling dates; temperatures had dropped considerably and frost had been re-
>ported on several occasions. <1he green "floating masses! were no longer
present, but had been replaced by swarms of Cladocera (fresh water fleas) which

could be seen swimming about in the upper 12 - 15 inches of the water,
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The following forms of 1ife were identified in the water sample taken

on September 26th, 1953,

PLANT LIFE
Blue~Green Algae Green Algae
Anabaena flos~-aquae Scenedesmus quadricanda
Nostoc commune Selenastrum gracile
Coelosphaerium kutyingianum Kirchneriella obesa
Microcystis Botryoccoccus braunii
Phormidium subfuscun Pediastrum boryanum
Pleurococcus vulgaris
Schizochlamys gelatinosa

ANTMAL, LIFE

Amoeboid Protozoa Rotifera
Amoeba radiosa Diglena
Actinophrys sol Salpina Spinigera
Ciliate Protozoa Crustacea
Faramoecium caudatum Daphnia oulex (very few)
Colpidium striatum | Cyélogs SPPe
Frontonia leucas

Onychodromus  grandis

Halophrya sp.

Condylostoma patens

Flagellate Protozoa

Ceratium hirudinella



The following forms of life were identified in the water sample taken

on October 16th, 1953,

Amoeboid Protozoa Rotifera
Actinophrys  sol Diruella sulcata

Ciliate Protozoa Rotifer SPPe
Paramoecium  caudatum Notholca longispina
Frontonia leucas » Salpina SpPs
Holophrya SPe Crustacea
Onychodromus grandis Daphnia pulex (very numerous )
Stylonychia  notophora Winter eggs of that species

were also present.

An experiment was set up in an attempt to find out how much nitrate
nitrogen was taken up by the biological life in dugout water and also the
quantities of this compound liberated upon the decay of the bodieé of those
organisms.

Nitrate free dugout water with all its forms of life was subjected
to five different treatments under laboratory conditions, each treatment be-
ing carried out in triplicate,

(1)  Dugout water was filtered, boiled for three minutes and re-
aerated by bubbling air through it., Three separate volumes of 720 cqc,vwere
measured out and put in different containers, and to each of these volumes
were added 80 c.c. of 750 parts per million nitrate nitrogen solution thus
making three 800 c.c. volumes containing 75 parts per million ofbnitrate ni-
trogen.

(ii) Three 800 c.c, volumes of dugout water, not altered in any way,

were pult in three separate containers.




(1ii) Three 800 c.c. volumes of dugout water, also not altered, but
in this case the containers were placed in complete darkness.,

(iv) Three 720 c.c. separate volumes of dugout water were measured
and to each one of these, 80 ce.ce of 750 parts per million nitrate nitrogen
solution were added, thus making three 800 c.c. volumes with a concentration
of 75 parts per million of nitrate nitrogen,

(v) Three volumes of 800 c,c. each were given identical treatment,

but in this case the samples were placed in complete darkness.,

The containers used in this experiment were rectangular pyrex dishes
8 3/l inches long, five inches wide and 2 1/l inches deep, hence the 800 c.c,
volume brought the level of the liquid to approximately 1/l inch from the
upper edge. A glass covering was phced over each container to prevent forelgn
material from falling in, and also to keep evaporation losses down to a mini-
mume The entire experiment was carried out in a greenhouse, with adequate
lighting facilities, The danger of too much variation in temperature was
eliminated because a rigid control was exercised over this fachor at all times
with the thermometer hovering at about 72 degrees, F. from the time the pro-
ject was set up to the date of the last sampling. Where complete darkness was

required it was obbtained by placing a cover designed for this specific purpose

over the container thus excluding light and at the same time allowing a normal
air supply to circulate within the enclosure.

The fifteen containers were put in place in the greenhouse on October
27th and on the same day a 25 c.c. aliquot was removed from each dish for ni-
trate determination by the phenoldisulphonic acid method and the concentration
of nitrate nitrogen ascertained, Further aliguots for nitrate determination
were subsequently removed on the following dates, i.e. November 3rd, 12th, 18th,

December lith, 28th and January 21st, To maintain the level of the liquid in
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the containers at approximately 800 c.c.'s after each sampling, a volume of
solution equal to that removed and also of equal nitrate concentration was
added to each container as required. It was also necessary on two occasions
to add nitrate free water to replenish losses in volume caused by evaporation.
From time to time a survey of the bioligical life in each treatment
was carried out and on such occasions the various forms of 1life present were

identified and are here presented as Table No, XIV.




- 50 =

TABLE NO. XIV

ORGANTISHS TDENTIFIED IN DUGOUT WATER, WITH AND WITHOUT

ADDED WITRATE AND KEPT IN THE LIGHT AND IN THE DARK UNDER GREENHOUSE CONDITTONS

without nitrate
kept in the
1ight

Scenedesmus quadricaudata

Crustacea
Daphnia pulex
Daphnia winter eggs

Very few, living masses
of dead algae floating
about,

Rather sparse

Quite numerous

:  Treatment s Date Forms of Life Identified ¢ Relative Population
: Dugout water : Nove 3 :(reen Algae : :
: with nitrate : Scenedesmus guadricaudata . : Very numerous :
s kept in the H H Botryococcus braunii s Very numerous H
: light : : : H
: s sProtozoa : 2
: : : Frontonia leucas, Colpidium ) :
: : : striatum, Paramoecium : ) Few 3
: : : caudatum, Onychodrormis :) :
: : : grandis, Holophrya sp. :) :
: : : Condylostoma patens :) s
: : sRotifer H :
: g : Dirvella sulcats :) 3
: : : Rotifer spp. s YFew e
: : : Salpina spinigera :) :
: : sCrustacea : s
: : : Daphnia pulex : Sparse :
: Dugout water : Nov, 3 :Green Algae : :
¢ with nitrate : Botryococcus braunii :)Quite sparse and :
: kept in the 2 2 Scenedesmus  quadricaudata g )brownish in color :
g dark : : : z
H : : Protozoa : :
: s : Paramoecium  caudatum : Very few :
& Ll » - o
H : ¢Rotifer 3 2
: ¢ : Salpina  spinigera ¢ Very few s
: s sCrustacea s :
: : s Daphnia pulex ¢ Quite 5 few s
¢ Dugout water : Nov, 3 :Green Algae : :

(conttd)
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Few brown in color
Few brown in color

without nitrate
kept in the

Scenedesmus guadricaudata
Botryococcus  braunii

: Treatment ¢ Date H Forms of Life Tdentified s Relative Population :
s+ Water from dug-: Nov. 3 :Green Algae s 3
: out witheut : : Botryococcus  braunii : Very few s
: nitrate and 3 . 2 e
¢ kept in the H sRotifer : :
s dark : : Salpina Spinigera : (Only one seen) :
H : s Crustacea : e
: : : Daphnia pulex : Sparse :
2 2 s Daphnia winter eggs s Numerous :
+ Dugout water : Nov, 12 :Green Algae s :
: with nitrate s Scenedesmus  quadricaudata : Very very numerous s
: kept in the : : Botryococcus braunii ¢ Numerous s
: 1light : H H :
: H :Crustacea : :
: : s Daphnia pulex ¢ Rather numerous :
2 g : Daplnia winter eggs : Scarce s
¢ Dugout water : Nov. 12 :0reen Algae s s
¢ with nitrate : Scenedesmus  quadricaudata ¢ Numerous, brown in cdlor:
: kept in the : 2 Botryococcus braunii ¢ Quite a few 3
s dark H 2 2 2
2 : s Crustacea : :
H : H Daphnia pulex : Quite numerous :
: : : Daphnia winter eggs ¢ Rather numerous :
¢ Dugout water ¢ Nov, 12 :Green Algae : :
: without nitrate: :° Scenedesmus quadricaudata : Sparse (1light yellow ins
¢ kept in the : : Botryococcus  braunii s Sparse color) 2
¢ light : 2 : s
s 2 :Crustgcea . 2
: H : Daphnia pulex ¢ Rather scarce :
H : s Daphnia  winber eggs : Quite numerous 2
: Dugout water ¢ DNov, 12 :Green Algae : :
s dark s H : :
s : :Crustacea : :
H H H Daphnia pulex s Few 2
S : : Daphnia winter eggs 2 Numerous e

(conttd)
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kept in the

dark

: Treatment :  Date : Forms of Life Identified s Relative Population
: Dugout water : Jan, 21 :Green Algae : :
¢ with Nitrate : Scenedesmus  quadricaudata : Very numercus :
: kept in the 3 H Botryococcus braunii : Very numerous :
« light : : : :
: : :Crustacea 2 :
s : : Daphnig pulex : Few :
s H : Daphnia winter eggs : Quite numerous H
H s H : :
s Dugout water : Jan., 21 :Green Algae H s
2 with nitrate s s~ Scenedesmus quadricaudata 3 Very few (Masses of :
s kept in the : : 2 dead algae 2
: dark 2 : : floating aboub)
: : sCrustacea : T
H s : Qgggggg winter eggs s Quite numerous e
2 3 2 : :
: : : : :
s Dugout water : Jan. 21 ;Crustacea : :
: without nitrates :~  Daphnia winter eggs : Numerous :
: kept in the : : - : :
s light. : : : :
: : : : :
: Dugout water : Jan. 21 :Crustacea : 2
s without nitrates s  Daphnia winter eggs : Mumerous :

On January 21st, the last determination for nitrate nitrogen concentration
was carried out and the results of tests made from the beginning to the end of

the experiment are presented here in tabular form as Table No. XV,
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TABLE NO. XV

PERTODIC NITRATE NITROGEN DETERMINATIONS

ON DUGOUT WATER KEPT UNDER

GREENHOUSE CONDITIONS AND SUBJECTED TO

FIVE

DIFFERENT TREATMENTS

o0 ot

or o)

°e os|

Kind of Treatment Date Concentration in ppm

: Dugout water boiled and filter-: October 27 : 73633 :
s ed having been made to a solu~ : November 2 : 69,3 :
: tion containing 75 ppm nitrate : November 12 : 70.6 :
s nitrogen :  November 18 : 6943 :
. : December U : 726 :
: :  December 28 : 71.6 :
: : Janvary 21 : 3
¢ Dugout water with biological : October 27 : 0,00 :
: life without nitrate nitrogen : HNovember 2 : 0,26 :
+ and exposed to light s November 12 : 0,10 :
: :  November 18 : 0,20 :
. : December U : 0,37 :
s ¢ December 28 : 0.11 :
: : Janvary 21 s 0.12 :
¢ Dugout water with biological : October 27 : 000 :
: life without nitrate nitrogen : November 2 : 0.26 :
: and in complete darkness :  November 12 : 1.76 s
: : November 18 : 2,10 :
s : December L 3610 :
s : December 28 : 3626 :
s : January 21 s
: Dugout water with biological : October 27 : 7060 :
: life the solution containing : November 2 : 90,6 :
: 75 ppm nitrate nitrogen and :  November 12 : 66,0 :
: exposed to the light : November 18 : 65,3 :
: : December I : 71.0 :
: +  December 28 : 72.0 :
: : J - 21 4 71.1 :
¢ Dugout water with biological : October 27 : 6963 :
: life, the solution containing : November 2 : 89.6 :
: 75 ppm of nitrate nitrogen in : November 12 : 68,6 :
: complete darkness :  November 18 : 68,0 :
: : December L : 66,0 :
. : December 28 : 71.0 :
s s January 21 71le3 :

2 R e

s Figures are the mean of 3 replicatese




- 8l -

D, SEASONAL, VARTATION OF NITRATE IN DUGOUT AND WELL WATERS

An investigation was conductéd to determine the nitrate status in dug-
out and well waters. This sub-project was carried out in cooperation with the
Department of Health and Public Welfare and of the Neepawa Health Unit. Wells
and dugouts representing average conditions both about farmyards and fields,
and in small towns were selected throughout the affected area by members of
the Manitoba Soil Survey Staff and plane table maps were made of the environs
of each of these wells and dugouts. These maps are shown herein as Figures
XI,XII, XIII, XTIV, XV and XVI,

By previous arrangement, it was agreed that a staff meuwber of the
Neepawa Health Unit would assume the responsibility-of collecting water samples
from the chosen wells and dugouts at two week intervals, and would forward
these to the Department of Health and Public Welfare where the nitrate determ-
inations would be made.

The first samples of water from the respective dugouts and wells were
taken in November, 1952, Sampling was continued throughout the year, until
termination of the sub=-project in November, 1953,

For various reasons, samples from some sites were not taken at the
regular two week intervals. As a result, complete data are available for only
10 of the 17 wells, and five of the seven dugouts, Soﬁe vajuable information
can be obtained from the remaining sites where sampling was not regularly
carried on, however, the irregular samplings cannot be used to show seasonal
trends and variations in nitrate content., This is unfortunate because some
of the well waters which were not sampled regularly show the greatest extremes
in nitrate nitrogen concentration,

In compiling the data for presentation it was necessary therefore to

separate the complete and incomplete records into two sets of data, In Table
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FIGURT NO. XVI

Plan of a éecfion of the Town of Gladstone
Geology- 4 Feet of Silty Clay Over Wide Lamince of Sand to Clay-

Loam Underigin at 16 Feet by Lacustrine Cloy
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Well No. |8 Positive Aug. 1952
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16, data from the five dugouts that were regularly sampled are presented,
These cover the period November, 1952 to November, 1953, The figures for
each month are the monthly means of the results of two tests conducted each
month,

The figures in Tgble XVI show that throughout the year and at 2ll
sites the maximum nitrate nitrogen content was considerably below the non-
toxic level of 10 parts per million. The water in dugouts, designated as
three and five, reached a concentration of six parts per million and at both
of these sites, exceptionally favorable conditions for biological life pre-
vailed, At the site designated number three, the dugout is within a fenced
ares which connects with a barn and corral, with the result that the relative-
ly large hexd of cattle spend a considerable amount of time in the immediate
vicinity of the dugout. Much organic wastes from the cattle finds its way
into the waler and provides an abundance of food for aquatic life, HMuch the
same situation occurs at dugout number five, however, in addition to the
organic wastes being discharged directly into or near the water by cattle,

a water runway cubs across the corner of the dugout and carries into it, the
end products of organic decay from an old building site nearby, This was
verified by tests conducted in the summer of 1952,

The mean conceﬁtration of nitrate nitrogen for the five different
dugout waters for each month shows that definite seasonal trends occure In
Figure No, XVII, these mean monthly concentrations are expressed in graphic
form. The lowest curve shows a rather steady level from the months of
November to March inclusively. A progressive decline occurs during the
months of April, May and June, During July and August the curve shows its
lowest level followed by a slight rise for the month of September. This

level was maintained till October when there was a rather sharp rise to the
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winter level.

Two distinct levels of nitrate nitrogen in dugout wabter therefore
occur during a year or 12 month period., The peak concentration occurs during
the winter months while the lowest nitrate content is found in summer, Ni-
trate level gradients towards these two extremes are found in the spring and
fall, Optimum conditions for the growth and propagation of sguatic life oc-
cur during the summer months, Because nitrate anions are assimilated very
rapidly by many of these forms of life, it is reasonable to expect that the
nitrate content in the water will be kept low in the swmer seaéon, A
large supply of nitrate will result in a greater aquatic population, therefore,
little or no nitrate should be expected to occur in ponds and pot holes which
act as catch basins in barnyards and other unsanitary places, With the advent
of lower temperatures in the fall, many species of nitrate assimilators either
go into the spore stage or die., As the temperature lowers further, the aquatic
life gets more and more sparse, and before temperatures are low enough to pre-
vent nitrate elaboration at the source of contamination, there is a period of
nitrate accumulation due to less nitrate uptake, In addition, there is the
decomposition of the bodies of dead organisms and the consequent liberation
of nitrate in the water, This is probably the chief factor responsible for
maintaining the nitrate content at a relatively high level during the cold
period, Based on the above assumption, long fall periods with above normal
temperatures followed by a sudden break of this warm weather could result in
a sudden rise of nitrate content in the water of dugoutse

The monthly means of nitrate nitrogen obtained for the 10 wells regular-
1y sampled are presented in Table No, XVII. Three features distinguish these
from the dugout results,
(1) Much higher concentirations of nitrate are encountered in the well watber

in most casese




€96T - 2461

SVEUV HINGDONVI-VMYJEEN-INOLSOYTD BHL NI NEDOUIIN IIVULIN J0 HONASHYd HHI ¥0J4 YIIvM TIEM 40 SISHI XTHINOH-TS J

e e e e 1

IIAX *ON JI8V]

NVl ATHINOW

: : EE () PLeMT f gS°€eT ¢ I9°gz *90iL ¢ LOo°¢ : Lg*NE : 92T : pé°2h : 1°0 : uee] ¢
: : oogeegor ¢k €E°C6T ¢ 9T°909T ¢ 66°t6e? £8°T6 +  g6t6e ¢ geegar geeoetT ¢ £8°gss ¢ 78°T : TE10L @
0§02 : 00°goz ¢ 0C°g ¢ 00°0T ¢ 0C*00T ¢ 00°0g ¢ 00% * 00°¢ : 0002 : 00°g : 00°0¢ : 0G°0 : JTOQUIDAON :
99%2ZE  f §9°92€ f 00°9 f Q0°ST ¢ 0G°00Z f 00°42 P 0C'S P 09°0 : 00°52 : 00°02 : 00°0¢ : 50°0 : a8qoqo0 ¢
fOOTRHCTE G OTCWIE ¢ 00°0T ¢ 00°02 ¢ 00°0ST ¢ 00°Of * 00°L ¢ 00°2 : 00°0¢ : 00°S¢E : 00°0¢ : 0T°0 : zequeqdeg ¢
OTECLE G oTeClE ¢ 0S°g P 00°02  * 00°C02 ¢ 00°SE ¢ 0S%L ' 00°2 : 00°0¢ : 00°02 : 00° 08 : 0T°0 : qsnsny ¢
¢ TE°6€ P 0T°¢€6E ¢ 00°0T : 00°02 ¢ 00°0C0z * 00°Cz * QC'OT * 00°¢ : G0° 05 : 00* 02 ¢ 00°09 : 0T°0 ; LTop :
¥ 09°TE  * TO°9TE ¢ 00°4 POLECET ¢ CECEET ¢ ogrtee ¢ gelg ¢ et : €eeen 3 co*¢e : 00°09 : £0°0 : etmp 3
¢ OT°TIT ¢ OC°TTIT ¢ 0g*® P 00°¢T P 08°2T P 00°0g ¢ 00t 00°1TT : 00°ST : 049*4 : 05°5T : 00°T : Leyl :
PogleT LA ATE 00°Q : 00°0T ¢ 0C°04 ¢ 00°0z * 009 . 05°9 : 00°02 : 00°2 : 00°52 : 00°0 : Trady :
P OE0°CT * TECOET ¢ €€°9 P 00°0T ¢ €€°4E . ¢ 9G°9T ¢ 009 ¢ C€°S : 00°02 : €ee : €€°92 : 00°0 : yoagy ¢
$ O Tg°6T ¢ OT°g6T ¢ 00°. ¢ 00°CT ¢ 00°08 £ 00°C2 ¢+ 009 ¢ 00°T : 00°02 : 00°7 : 00°09 : 0T°0 : £Lrenaqeg :
Po2htle : lectile ¢ 2 P 00°4T P 00°0ST ¢ 00°02 ¢ 00'g ¢ 4T°0 : Co° &€ : 05°9 : Co°S¢ : 21°0 : Lrenuep :
H s : : : : : : : s : : : €S6T ¢
P oglkog P 9gtLoE ¢ 05°¢g 00°ST P00°GNT  f 00°7T ".oo,. 3 22°0 : . 00°99 : 00°6 : 00°4S : 7T°0 : JIaqUR09(] :
$ O 69°07 2 06°907 :  00°Q : 00°0z ¢+ 00°0ST * 00°0¢ : 00%6 ¢  08°0 : 0n* 06 : 00°6 : 00°06 * 0T°0 % JOQUIBAQ ¢
3 : : m m : : m : : 3 : 3 26T "+
3 H H : Uopay @ QIDTI @ : SUIBQIOQSOM ¢ TRIIOO puU® uieq e o1td eanueu : paedugeq $ :
s : : Uspay : 2® 8IpTJI : Tearad : ouo0qs : SUC -YRJIOU °QF ULBRQ JO UYINOS : FO UIOU °QT pUBR uUIeq * JO ncem SutTTdweg 3
H uUedll ¢ TBYO0L : 9® ©3pTLI :  T[OABIT ¢ JO HUBTT : ~DPBTH & =DV : 49 9UOgeR : °q1 QG quoge : Q4 qNOge pur JO Uqnos $ pied osnoy @ Jo :
: : ¢ Teaeas ¢. JO 9S®BO : 9S®O UO : UT : Ul : pue pred 3 pue piedfuleq i OUTABI ® JO $3F OTT 3noqe : pesses Jo ¢ SUILT, 3
H s : w P POIENATS ¢ USDPAY ¥ ¢ TTeM : TIM *+ ~UWIBQ UL ¢ JO &JqUed 9F ¢ 9pTS 98Bo U) ¢ pIeluaeq Ul ° OJIQUe0 9V ° :
: 2 : i : €e : 22 IR A 9T : ST s IT 0T : L : :
: STLef JO UOT3ed0T JI0 UOT4d 0S89 ©1TS pPUB JeqUn)] UOTIBUSL[Se( : :
NOTTITH ¥id SL¥Vd SV CESWHIIXE NEDOYIIN HIVHIIN 40 NOLILVULMNZONOD




- 76 -

(2) There is considerable variation in nitrate content of well water from
site to site, in contrast to relatively uniform levels of water from the
dugouts,

(3) The nitrate level of well waters fluctuates considerably from month
to month, and this is particularly true where high concentrations are en-
countered,

Awater from the wells with designation numbers seven, 16, 17 and 2L con-
tains relatively low amounts of nitrate nitrogen throughout the year, and of
these, number seven has by far the lowest level, It is a farm well, and its
position in relation to the various farmyard establishments is shown on
Figure Noe XIV. This well is located west of the buildings and in a grassed
houseyard, The nitrate in the ground water here follows the pattern revealed
by previous investigations, and again repeated in the results of well desig-
nated as number 16, The latter is only about 65 feet from the barn which is
a comon source of contamination, but because this well lies north-west of
the barn, the nitrate level is relativély low, Well numbers 17 and 2& are both
small town wells, the latter is located in the gravel ridge at Arden,

Toxic concentrations of nitrate are encountered throughout the year in
the water from wells numbered 10 and 15, Figures 12 and 1l show that these
wells are located within the farmyard contamination orbit, and both are south
of barns and corrals etc, However, other sources of excessive nitrate such
as privies, pig pens and gardens are present nearby, A rather striking obser-
vation may be noted in Figure No, XII., Water from the well (No, 11) in this
farmyard contained nitrate nitrogen below the toxic level throughout most of
the year, inspite of the fact that it is located close to, and north-east of
the chicken pen, hog house and barn. The probable reason for this is the

presence of the creek immediately west of this farmyard, The surface drainage
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of this particular yéard is towards this creek., Most of the organic matter
which normally accumulates about such places is swept into the creek by run-
off and carried away in the stream flow, so that relatively low amounts of
nitrate find their way in the ground water.

The three remaining wells, desigﬁated as 18, 22 and 23 are situated
in small towns or villages, Two of these, (i.e. 18 and 23) one in Gladstone
and the other east of the gravel ridge at Arden, have water containing con=
centrations of nitrate nitrogen ranging from 10 to 35 parts per million
throughout the year., The third one of this group, i.e. 22, is situated on
the east flank of thé gravel ridge at Arden. The nitrate nitrogen content
in the water of this well was very high during most of the year, with concen-
trations up to 200 parts per million encountered on several occasionse NoO
plane table map of the environs of this well is available as this particular
site was chosen by the Neepawa Health Unit Staff and added to the list sub-
mitted by the Manitéba Soil Survey. However, the high nitrate content in the
water of this well indicates that a heavy accumulation of organic matter is
present in its immedia te vicinitye

The mean concentration of nitrate nitrogen of the water from the 10
wells as shown in Figure Noe. XVII presents a sharp contrast with that of the
dugouts. For the period of time this study was conducted, the concentration
dropped gradually from the November peak of slightly above L0 parts per mil-
lion to a low of 12 parts per million in May., A sharp rise occurred in June
and this rise continued till July where a nitrate content slightly under L0
parts per million was again attained, A slight and progressive decline fol-
lowed this peak and the trend was maintained up to October when fhe drop
became rather sharp. IFrom October to November the concentration fell from

33 to 21 parts per millione.
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Histograms showing the monthly precipitation and the monthly mean
temperature for the duration of the water-testing period have been super=
imposed over the nitrate nitrogen curﬁes of the well and dugout wabter on
Figure No, XVII. This graph was prepared to show the relationships existing
between the various factors., The general trend of the nitrate curve shows
the influences of the closed and open seasons. Optimum conditions for the
nitrate elaboration at contamination sites occur during the summer months.
With increase of temperatures in late spring and summer, there is a progres-
sive increase in nitrate elaboration which continues until optirmum conditions
are reached, This optimmm level of elaboration is maintained as long as
favorable conditions prevail, but nitrate elaboration falls with falling
temperatures. Before elaborated nitrate can be washed from the source of
origin and the soil profile and into the ground water, rains in excess of
field moisture capacity are required, Thus the high precipitation that
occurred during the months of May and June, as shoun on Table No, XVIII caused
the sharp rise of the nitrate content in the ground water during this periode
As noted above, in addition to the wells that were regularly sampled, a number
of wells were sampled irregularily.

The data from the irregularly sampled water are presented in Table No.
XIX, The same seasonal trends of nitrate nitrogen concentration in the ground
water can be seen in spite of the incompleteness of the records, What is
borne out however, and this quite conclusive, 1s the correlation that exists

between nitrate nitrogen concentration in the well-water and the location of

the respective wells in relation to the farmyard and the usual sources of
contamination., Five of these seven wells are located in farmyardss three of
them are situated east of, and not far removed from the barns. Previous in-

vestigations have established definitely that the barns and yards are the
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chief sources of contamination and that the direction of ground water lateral
movement in this district to the east and north-east, Thus, it is only natural
that the three wells situated in the direction of ground water flow have the
highest concentrations of nitrate nitrogen.

Well cesignated as 13 is located nearest to a barn, i.e, about 150 feet
away, and here the nitrate content of the water, at times, runs up to LOO parts
per million, Well number 1l also is located in the same farmyard and east bf
the barn, but it is some 300 feet away. The nitrate content of the water
here runs between 30 and 70 parts per million during the closed season and
rises sharply to 300 parts per million during June and July, However, although
the nitrate content of this water is high, nevertheless, a considerable reduc-
tion occurred during the cold months. Being farther away from the source of
contamination, this well shows the greatest effects of a stoppage of nitrate
elaboratiqn and subsequent washings into the ground water upon the arrival of
low temperatures, Well designated 12 also lies to the east of a barn, It is
located about 275 feet from two sheds or barns, which are used to shelter
livestock only during the winter months, The main barn is further north as
shovn in Figure No, XV, During the summer months the nitrate nitrogen content
in the water here reached 55 to 60 parts per million, but it dropped to 20
parts per million in late fall and early winter.

The remaining two farm wells are located west of the barnyards and again
the nitrate nitrogen content in the well water is lower, especially in the case
of well No. 9. Throughout most of the year the nitrate level of this well was
below the minimum toxicity limit of 10 parts per million and when it did gd
above this limit a maximum peak of only 15 parts per million was attained,
Water from well designated as number 8 has a somewhat higher nitrate contents

The level was maintained at 20 to 30 parts per million during most of the
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period that the tests were conducted., This well also is located as shown
Figure No, XIV, west of the barnyard, however, it is located near to, and
east of a garden, In all probability the garden in this case is the source

of the higher nitrate content in the well water.
IV GENERAL DISCUSSION

The investigations carried out in the summer of 1951 established the
fact that the type of surface geological deposits which permit the accumula-
tion of ground water at shallow depths, especially when accompanied by the
presence of large amounts of organic wastes at the surface, provide the con-
ditions necessary for the accumulation of excessive amounts of nitrate in
the local ground water, Such conditions occur in the shallow deposits of the
Lovwer Assiniboine Delta and in the graveY ridges and coarse textured deposits

of the Lowlands Basin Area.

In the neighboring areas such as on the Stockton and Newdale Soil Associa-
tions the same conditions for nitrate elaboration occur as those prevailing in
the Lower Assiniboine Delta Area and on the gravel beaches, These soils are
also in the Blackearth zone and consequently the organic matter in the "AM or
surface horizons is relatively high, Furthermore, farmsteads with their ac~
cumulation of organic wastes and villages with their privies and garbage refuse

are common to all these soil associations.

The fundamental difference between the soil areas with nitrate contam-
inated ground water, and the areas where nitrate is not a problem, lies in
the water regime of the respective surface geological deposits. The conditions
which favor large amounts of nitrate in the water supply are, that the soil

must have a low water retention capacity and it must be porous enough to allow
water to percolate through the profile and into a substrata where it is held at

shallow depths because of impeded downward movement. Such conditions occur in
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the light textured Almasippi soils and gravel beaches,

Both the Almasippi and Stockton soils have a low water retention capa-
city with the result that a large percentage of the open season precipitation
percolates through the profile and into the substrate., This downward move-
ment of water goes on until a saturated substrate or an impervious layer is
encountered and there, ground water accumulates,

In the Stockton soils of the Upper Assiniboine Delta Area, downward
movement of water is arrested by a saturated subsoil. Here very deep deposi-
tions of sands are found (up to 200 feet) which act as a vast natural reser-
voir for water many feet in depth., Here water is obtained from drive point
wells and the water table is reached generally at about 20 feet from the sur-
face, The quantities of nitrate nitrogen normally leached into this large
volume of water results in a solution so dilute that the occurrence of texic
amounts of pitrate in the ground waters can be discounted.

‘Different conditions are encountered in the Almasippi soils of the
Iower Assiniboine Delta Area, Here lacustrine clay deposits or till usually
found at about eight .to 16 feet from the surface arrests the downward move-
ments of leachate, The volume of water into which any nitrate may be carried
is therefore much less than that of the Upper Assiniboine Delta Area so that
the concentration of the solution is proportionately greater.

In periods of heavy rainfall the water table may rise in the Almasippi
soils to within 30 inches from the surface, The chief factors responsible for

lowering the water table to a more normal level is removal by vegetation
(transpiration and evaporation) and by lateral movement, In the absence of

plant life, removal of water is by lateral movement and before this can take
place there may be, and there are local pockets of heavily contaminated water

directly under and in the immediate vicinity of heavy accumulations of organic
matter, Such conditions are prevalent at every farmstead and village through-

cut the area uncer discassion, The degree of pollution is mare or less proportionalto the




supply of organic wastes at the surface and the rate of its decomposition by

micro-organisms, It follows therefore, that the farms with larger numbers of
animal units will have correspondingly higher concentrations of nitrate in the
ground water about the farmstead than those with smaller numbers of livestock.

The studies conducted show that there is lateral movement of ground
‘water in the Almasippi Soil Area and the direction of lateral movement is to
the north-east, The concentration of nitrate is greatest in the ground water
in close proximity to the source of contamination, and invariably it is in
the agbove mentioned direction that nitrate bearing waters move into the adjacent
areas, On the other hand the absence of nitrate in the ground water removed only
several yards to the west of contamination sites, definitely indicatesthat later-
al movement does not take place in that direction, Furthermore, the presence of
nitrate-{ree water immediately to the westward of contamination sites is further
evidence that there must be a sufficiently rapid rate of movement to prevent
the spreading of nitrate laden waters in all directions,

The pollution core usually centres about barns and pig pens etb, Where
these have been in position for some time, organic matter accumulates and
usually there is an abundant supply in various stages of decay to ensure a
constant liberation of nitrate providing moisture and temperature conditions
are faverable. Under these circumstances higher rainfall simply means that
more nitrate is washed into the ground water, In the late spring of 1953, pre=~
cipitation was much above the average, and the contaminated waters north-east
of the farmsteads carried further in the field than was noted at previous times
of observation. In the fall of 1953, the distance to which nitrates were car-
ried had been reduced considerably,

Lesser amounts of organic matter, such as are found in gardens, manured

pastures etc., liberate sufficient amounts of nitrate to pollute the ground
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water directly below, but it appears that little lateral movement is re-
quired before the solution is diluted sufficiently, in most case, to re=-
duce the concentration below the toxicity limit. This particular point is
;ell illustrated on the 1953 June and COctober maps of the farmstead situa-
ted on the N.W, 3L=13=-12, (Figures VII and IX). Water from bore holes in
the garden east of the house showed a nitrate content of between 75 and 100
parts per million while only some 50 feet away, and east of the garden, the
ground water was free of nitrate. Water from the well north of the house
as shown on Figures VII and IX, also was free from nitrate contamination.

In the case of the manure pasture on N.W. 34-13-12, a different situa-
tion was encountered, There appears to have been sufficient nitrate elabora-
tion at the surface to contaminate the subscil water to an extent that its
presence could be detected in lateral movement., However, the dense growth
of grass in this field assimilated a large percentage of the nitrate before
the rains could wash it below the depth of root penetration., Hence only a
portion of the nitrate found its way to the ground water below, so that con-
centrations of over 75 parts per million were seldom encountered, The
hatchered area south of the farmstead N,W. 1/L 30L=13-12 shown in Figures
VII and IX indicates fairly well that there had been 1little laberal movement
of nitrate because polluted ground water was found only where there was manure
at the surface directly above it., This is in sharp contrast to the are.north-
east of the farmstead where the hatchered tongue carries into the fields for
a considerable distance beyond any surface organic accumulations,

Further evidence of nitrate pollution of ground water being caused by
accumulations of organic matber at the surface of the soil, was provided by
farmoperations on the W.E, 1/L 261111, 4 heavy application of manure ( at

least 20 tons per acre ) was made on a stubble field during the winter of
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1952=53, Following the spring thaw, this menure was worked in with the
surface soil, The subsequent heavy rains during late spring and early summer
washed the nitrate elaborated at the surface down to the ground water, Be;
cause this particular field was reserved for seeding to corn it was kept free
of vegetation till early summer. This was achieved by freguent cultivation
which hastened decorposition of the organic matter, The conditions prevail-

ing in this

-ty

ileld ares-

(a) a 1arge‘supply of repidly decomposing organic matter,
(and consequently high nitrate elaboration because there was
favorable moisture, temperature and aeration).

(b} very little or no vegetation until the corn crop
‘emerged in early July, (hence before that time, no assimilation
of nitrate by plants).
(¢) heavy rains which washed the nitrate through the soil
profile and into the ground water.
Mitrate concentrations running up to 100 parts per million were encountered
in the latter when the tests were conducted in June, Thus exceptionally
favorable conditions prevailed both for elaboration of nitrate and its subse-
quent downward percolation through the profile,

Athough the manure appeared to have been spread quite uniformily over
the surface, there was a great variation of nitrate content in the ground
water at the different bore-hole sites throughout this field, The extremes
ran from trace quantities to 100 parts per million., This variable pattern
indicates an accumilation of the nitrate laden solution at certain points,
but not sufficient nitrate elaborated to form a continuous area of pollution
such as was found under barns and, or their immediate vicinity. Because
the ground water under the fields on each side of the manured area on N.E, 26~

11-11 was either nitrate free or contained less than 10 parts per million, it
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is reasonable to assume that in the process of lateral movement, the concen-
tration was reduced below the toxic level due to the dilubion that inevitably
accompany the penetration of meteoric waters.

The manured field under discussion produced a heavy stand of corn dur-
ing the summer, This crop was intertilled quite frequently during that time

with the result that decomposition of the manure was hastened, Much nitrate

must have been assimilated by the corn crop during the growing season hecause

1_}¢

n September, 1953, the ground water under this manured patch, like that of
the neighboring fields, was free of nitrate., At that time also there was no

evidence of manure at the soil surface,

Ve SUMMARY AND CONCLUSTONS

(1) The cause of methemoglobinemia in infants and of nitrate poisoning of
cattle, in the Neepawa and adjacent districis, has beenagttributedtolle presence
of excessive amounts of nitrate in domestic and farm water supply.

{2) The present investigation has shown that the occurrence and distribu-
tion of nitrate contaminated waters are closely correlated with the water
regime in the surface geological deposits,

(3) The terrain of the Neepawa and adjacent district is divided naturslly
into four main physiographic or landscape areas, i.2., (a) The Western Uplands
Area (b) The Upper Assiniboine Delta Area (c) The Lower Assiniboine Delta
Area (d) The Lowlands or Lake Basin Area,

(L) Geographically it was ascertained that nitrate affected well waters
were found to be of common occurrence in the shallow sandy deposits of the
Lower Assiniboine Delta Area; in the gravelly and coarse textured deposits
immediately west and north of Neepawa; and in the coarse textured beach,

lacustrine and water worked deposits of the Lake Basin Areas. However, in
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the boulder till area of the Western Uplands Area and in the deep sandy
deposits of the Upper Assiniboine Delta Area, nitrate affected well waters
appeared to be relatively infrequent and of casual rather than of common
ocCcurrence.,

(5) Generally, nitrate charged waters were found to occur above the con-
tact of a shallow sandy or coarse textured mantle and a fine textured sub-
strate, They were not found to be of common occurrence where the soil
substrate had free internal drainage.

(6) To measure the amounts of nitrate leached from soils under field con-
ditiéns, metal catchment pans were placed in triplicate below the M"AM horigzon
of the soil under fallow, grain, alfalfa-grass mixture, brome grass and an
0ld refuse site. Analyses of the leachates indicated that although there was
some loss of nitrate under fallow, percolating water from fields under crop
are not likely to contribute %o avhigh mitrate content in the well walters of
the area studied, OConsequently, the chief .source of the high nitrate levels
commonly found in the shallow wells of the Neepawa and adjacent districts
is not soil but must be derived from some other source,

(N Extensive tests of ground water obtained from many points of sampling
show that privies, barns, barnyards, pig pens, poultry yards, corrals and
village sites should be regarded as the chief source of excessive amounts of
nitrate in the shallow ground waters commonly found in the Lower Assiniboine
Delta Area and Lowland areas, In comparison with the high levei of nitrate
contamination derived from habitation, small amounts of nitrate derived from
soil may be considered as of relatively little consequence. Where farm and
village habitations have been established for a considerable time, on sites
where mixed textured strata retard internsal drainage so that ground waters

occur at relatively shallow depths, and especially where no provision is made
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to avoid accumulation of organic and habitation refuse it is quite natural
that nitrate charged waters should appear to be regional., This regionality
however, is only apparent because ground water in the fields between the
habitation sites and out of seepage range did not show excessively high levels
of nitrate.

(8) Although well waters in the Lower Assiniboine Delta Area were frequent-
1y found to be nitrate bearing, surface waters stored in dugouts and ponds, or
carried by streams, invariably were found at the time of inspection, to be
either negative or free from toxic quantities of nitrate., Two factors appear
0 be responsible, Firstly, run-off and surface flowing waters derived from
melting snow and rainfall are less likely to be contaminated with nitrate,

than waters which flow through contaminated earth on farmyard or village sites,
Secondly, the sloughs and dugout waters invariably su@ported phyto and
zooplanktonic life in profusion during the summer months. Aquatic plants also
were observed to be present in most cases, and plant andmicro-organisms assimi-
late and build up soluble nitrate into organic body compounds,

(9) Tn the fall and early winter of 1953, an attempt was made to grow
micro-organisms in water obtained from dugoubs, with and without added nitrate,
and thus ascertain the rate and qﬁantity of nitrate assimilated. Unfortunately,
the artificial conditions, and period in the life cycle of the organisms were
unfavorabls and this experiment proved to be unfruitful.

(10)  Studies of dugout and well waters carried out over a twelve month period

(a) The nitrate content of dugout water in all cases was
higher in the winter and lowest in The summer months, but in no
case did the concentrations exceed the border level of 10 parts

per million,.




(b} The nitrate content of well waters was invariably
higher in the surmer and lower in the late winter and early
spring months; morsover, in most cases, the nitrate concen-
trations were much above the minimum toxic (10 parts per
gallon}, and thé degree of toxicity‘varied greatly from site
to site,

(11) Because, in the Almasippi Soil Area, waters highly charged
with nitrate invariably occurred below contaminated sites or in

the path of seepage north-eastward from such sites; and because
ground water in the fields between the habitation sites and the
range of contamination did not show excessively high levels of
nitfate; it 1s obvious that, in order to avoid methemoglobinemia

in infants and nitrate poisoning in cattle, satisfactory fafm and
village wells can be obtained if the sites are selected accordingly,
The alternative is to use surface stored water from dugouts and

ponds or streams.
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VII, APPENDIX

Figure No. 18

Amasippi soil profile in field under fallow
NoWo 27-1lLi=13 showing ground water at aboub
30 inches from the surface. October 12, 1951.




Figure No, 19 -« View of dugout located south

of Langruth and situated on a gravel ridge.

Algae can be seen in the water of the dugout,

and examination of the walter under a microscope
revealed phyto and zooplankton in profusion.
Ground water in the gravel contained nitrate,
however, the water in the dugout was nitrate-free,




Figure No, 20 - Pond on Almasippi soil
showing unsanitary surroundings, i.€.
privy, corral, pig pen, manure besprink-
led yard, all of which drain into the

pond. The remains of a dead horse lie in
the willows to the left of the wooden pump
seen on the photograph., Tests on the water
showed that it was free from nitrate,
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Figure No, 21 = View of Langruth dugout and reservoir, showing pump
house enclosing pressure system. Water obtained from top to the left
of pump house door contains nitrates. Water dipped from dugout showed
absence of nitrate,

Figure No, 22 - View of Village dugout at Langruth located at the
western edge of Langruth gravel ridge. The fall from the crest of the
ridge to the dugout is approximately five feet,




Figure No., 23 =~ View of a back lane in the village of Arden showing one
of the numerous barns. commonly found in small bowns and villages. Until
recently these sheltered a few head of cattle and one or two horses. On
“the right hand side of the lane can be seen a privy, garden and a pils

of organic matter refuse at the corner of the garden.

Figure No. 24 = View of a portion of the village of Arden on the east
side of tne gravel ridge.
Notes: - the well in the right foreground, the garden close to, and east

of the well, two privies close behind, c~nd an animal 1oad1ng Dlaﬁ*orm
in the backwround
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Figure No. 25 = View of Leachate "Catchment! installation in a fallow
field, Note: the tin enclosures at the soil surface, the metal pans

directly below, and the winchester flasks to catch the leachate run-

ning from the pans, :

Figure Noe 26 - View of ILeachate "Catchment" installation in an alfalfa=-
grass mixture field,

Notes = the "A!' horizon or zoneof nitrate elaboration above the metal
pans (approximate depth is 1L inches),
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Figure No, 27 =~ View of leachate catchment site in an alfalfa-grass
mxture field, N.W, 27=1L=13,
Notes - rain guage on top of post -~ Author measuring the amount of rain
that fell the previous night. ‘

Figure No, 28 = View of leachate catchment in a summerfallow Ii
SeWe 3L=1L=12 showing tin enclosures at soil surface to prevent runo
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