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.4.BSTR:\CT

Investigatj-ons conducted in the }leepar.ra and adjacent clis'bricts
show that¡ r¡rhere sandy or coarse tex'oured suríace .ieposits lie as a
na¡tle over finer textured. substra'1.,a, seepage through organì c refuse
from humarr ancl ani¡nl habitatì on is the chief cau.se and source of
excessive arnou¡ts of nitrate found locall;r ín ground i+atersu Sna1l
quanìrities of soil nitrate, elaboraied in fal-lor^¡ -fields on sandy
blackearth liÌe soils , nay be leached i;hrough the soj-l profile undLer
certai:r concli-'bions, but in general, iirese cio not apprecia.bly aÍfect
the nÍtrate status of the ground r¡ater, Trrves'cigations of fields
under cropr poi-nt tc the conclu-síon that littl-e or no nitra'i;e is
leached bel-o¡,i'r,he depth of root penetration" llence, it is not soil"
but contariúnat-'r-on fror': organic refuse '¿hab is responsibi-e for ioxic
quantities of nitrate in farin a:rd village uel-l r¡aters" Surface
sto::ed r,yaters invariabl-y ïrere found ì;o contai:r non*toxic concentra-
-Lions of ni trate 

"

Seasonal f'luctuai;ions in n-itrai,e content occur in both r.¡ell
¡raters ancl sLrface siored lraters, The híghest concentrations of ni-
trate j:r r,¡elf r"raters occur during the sumrner" months, r+h-ereas the
1otr¡es+, level-s are encourtered j-n the lai;e r.,{-nier ancÌ earl¡r spring,,
The nitrate conient of d.ugoui r.,raters, thorr-gh lol¡ in contparison r,l-ith
that in ground r,¡aters reaches ii;s highes-b concentratj-on in the riinter
months and i s lowest during the summer.

ïn 'r,he affected area, to avoid nethernoglc.binerrúa j-n infants and
nitrate poisoning in cattle, sati.sfactor;,- fatre and village wel-ls can
be obtained in rrlost cases if the l-oca'bion o.f the r¡rel.ls are pronerly
selectecL, The al-r,ernative is to use su-rface stored t¡ater from dug-
cuts and ponds or sireamsn
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T" Ïh]TRÛDUCTIO}I

Ground water j:¡ the Neepawa and adjacent areas in l¡l,anitoba is the

maj-n source of ¡,¡ater supply for both ciomestie and lir¡estock use* This

water, dram: frorn shal-lor^¡ rr-ells, often contains high concentrationsof ni-
trate l¡hieh can and has caused methemoglobinemia i¡ i¡fani,s as r¡ell as death

by nitrate poisoning in runinants.

Investigations undertaken by the Soils Department, Universíty of

Irtanitobau in an attenrpt to ascertai¡r the cause and. source of the excessive

quantities ob nitrate in the l¡ater sr¿pÞIÍ¡ gave strong i-ndieations that

d.ecomposing healy organic matter aceu¡rnrlations at the soil surface such as

foiurd about barnyards, feedlots, privies, and. garbage dtsposaJ- lots were

prÍnarily resnonsible for the excessive amounts of nitrates in the subsoil

water, rather than excessive nitrate elaboration in the soil profiles*

F\rther work was necessary hor.iever, before more defir:-i-te conclusions could

be established"

the i¡formation recorded herein j¡cludes a portion of that obtaj¡red.

during t]ne IgSL prelininary investigations together L'ith the data gathered.

from subsequent ivork reLated to the problemn

ÏÏ' LÏTERATIIRE REVTEI¡T

a, STTRATE ru,qBqR4rro¡i

Ni-trate is one of the most inrportar¡t plant food.s in the soil and has

been studied from different points of view in different countries in the

world" Tt is no!¡ genera-1ly recognized that there are certain cond.itions in
the soil tuhich, 'i;o a large extentu control the produetion of nitrate or

regulate the activity of the organisms corrnected. with the elaboration of

nitrate*
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The nÍtrogen contaj¡¡ed in nitrogenous eonpounds in the soiL is

derived from the air. Âbout B0 percent, by voh:me of the air consists of

free nitrogene hor+ever, the plants are r¡aable to avaiL themselves direetly

of this enormou.s supply of ra'r^¡ material, Before they can make use of this

elenent it has to combine ¡.¡ith oiher elements, Combi¡ration can be brought

about by the interveni;ion of j¡rfluences such as lightni-ng dischargese

ehend-cal rieactions, æd- soi]. bacterian According to Schrei¡rer a¡d Brom

(:0¡, 5 to 7 pouncls of n-itrogen per acre are ad.ded. annualJ¡r by lightnÍng

discharges and eheruical- reaetionso On the other hand, the amount added by

non-symbi-otic bacteria is reportect to average about 2! pounds per acre

annually" The amount fixed by legume baeteria (synrbiotic) averages about

B0 por:nds per eere for the sarne length of tíme"

The sequence of ehe¡rical changes taking place from the tirne the

nitrogen is brought into the soil to the stage of conversi.on to nitrate

atriqns accordi-ng to Quastel (35) are as fol-lor,¡s:-

(r) ttThe transfor.mation of atmospherie n:itrogen by soiL

raicro-organlsnrs into substances nourishi¡rg rai_crobe ancl plant"

(b) ttThe transformation in soil of organic nitroger com-

pounds arisi.ng from autolysis

material or from the products

all forms of biological

netabolism of l-iving soil

of

of

organisms into a¡snonium ions.

(c) nThe conversion of ammor:*ium catÍons into nitrite and,

n-itrate anions" l¡

The last step (soil nitrification) is brought about Iargel¡r by two groups

of orgarrisms lrlitrosomonas, (aIso Nitrocystes and. Nitrosopira) r+hich form

nitrate from ammonium ions, úd llitrobacter (also Nitroc¡,'sies and Bactoderma)

i,rhich converts nåtrite ions j-nto nitrate Íons,
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Batham and Nígam (B) carried out investigations on the prociuction

of nltrate in field soils and concluded that it appears to be i-nfl-uenced

primarily by three factors;-

(a) soil treatment; e"g" applications of organie matter,

Limestone a¡d phosphorou_s*

(¡) flUage operations a:rd. kind of erops grolúni eogô

fallorring, mulching, green narrures and crop resid.ues,

(c) cri¡ratic conditions; e.g. temperature and moisture"

Batham a¡d itligam (B) have surunarized the works of a mrmber of authors

Ín eonneetion +¡ith the effects of climatic conditions on nitrate el-aboration

as follows:- Fraps who studied the nitrate content of plots under different
crops states, rtThe nature of the season apparently has a marked effect on

the results obtained"rr Vogel concluded. that, rtThe treatnent of the soil
had less effect upon nitrification than the tirne of f,êaro rr HaIl, r¡hil-e dis-
cussing the infl-uence of tenperature and moisture upon the nitric-ai-trogen

content of South African soil said, t,In fact, the n-it,rate curve on the wholeo

fit the rainfalL diagram better than they do the one for tenperature, u

Jensen summed up his cteductions thusly, rrEven v¡hen all- the above factors are

considered, there appears to be rhythmie periodiciùy of nitrifying activity
during the season due to sonie unknown property of the bacteria" rr Organic

matter is, therefore, the source of nearly all the nitrogen i:: t,he soil" ¡1

the later stages of decay of organ:ic matter, nitrogen is liberaied. as amrnonia

and subsequently converted i¡to the nitrate forn"

The nature of the organic natter added., the rate and rær:ner of appli-
cation as well as the elimate concitions prevaiting subsequent to the addition

of the organ-tc nøtter, have direct bearing on the amount of nitrog€fiolls cofi-

pou:rds produeed in the soi1, Heclr (23) whiJ-e studying the effecis of
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different application rates of ma:lrre irnder varyj-ng concij-tions noted that

there Tras a decided depression in n:itrate nitrogen recovery when the manure

wes spread on the field surfaee and had dried soon afterward, Barthel and.

Bengtsson (6) carrying on much ihe sane r,vrc¡k attributed this loss to the

volati-l-izati on of a¡monía" nitrogen, The anount lost being depenCent on the

manner of hanclling the rnarulre prior to ryreadi-ng and the anount of drying

i.¡hich oecurred thereafter, Albrecht (1) some twenty years later, whjl-e do-

ing some research work on nitrate production as influ-enced by cropping and

soil treatment, obtained substalti-al nitrate ni-trogen accumulation r"¡hen

barnyard Íìanure r,ras added to field plots over a period of ten weeksn IJ

the Azotobaeter test r.ras negative in the manure, ljme was added and- further
j¡rcreases in nitrate elairoration were notieed. üme by its basic properties

has th.e capacity for regu-lating the hydrogen-i-on concentration in the soil
j:t a mar¡¡rer favorabl-e to bacteríal life,

Green ÍIanures, rm:.lches, and crop residues all ado organic matter to

the soil and. are therefore, potentially: nltrate formers, The lapse of tine

required for these materials to break dornrn into sinpJ-er constituents r,rrili

clepend on sueh factors as tillage practíces (i+hether surface or cleep),

tenperature of the soil, and moj-sture conditions prevailing therein,

Russel (3ó) whife discussing the effects of green manures poi¡ts

out that -i;hey rreither increase the humus content or else the supply of

available nitrogen i¡ the soj.lrf the effect depend:ing on the maturity of the

crop when ploughed u¡der" The humrs content in the soil is i:rcreased only

when material fairly resistant t'o decomposition is added L¡hile on the other

hand the available nitrogen supply is increased onJ.y t¡hen readiJy decompos-

able matez{a} high in nitrogen is decor,qrosed,

The kind of crop ploughed j¡lto ihe soil also has sorne bearing on the
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aÏflount of available nitrogen produced, Lyon arrd l.älson (ZB) working r"rith

green manure crops consisiing of hairy rreich, field peas, rye, oats and.

buckl^rheat formd ihe greatesÌ; accumrrlation of nitrate to be in soíI j¡ r.¡hj_ch

hair¡. vetch ',^ras ploughed in" UpsÌra1l, Bradt et al_ (l+O) irave shor.m ttrat i:r
general, legu:ne crôps Í/eïe superior io cerepl crops for ad.ding readily
available niirogen to ilre soil.

Jnfluences of oiher forrns of crop residue on nitrate elaboration in
the soil r,rere studied" Pai;rick (3lr) fou-nd that root and s.bubble residues

of red clover a:rd ti¡rothy in average field s'úancÌs were su-fficient to in-
fluence the accumulation of soil nitrateu He also notíced. that the arnount

of d:y matter in the soil in the form of red. clo¡¡er roots and stubble

amounts to only about hal-f the r,reight of timo.,,hy roots ancl stubble from

equarly good stands" Resuris obtained by i'{ccaIla and lìussel (J2) sho+ ,uhat

ni'brates are produced i:r abrrnda¡rce lvhere s¡¡rêet clover residues are incor-
poraied at the surface of the soil.

Materials possessing wide carbon-nitrogen ratios have a d.epressi:rg

effect on'i,he nitrate content in soils, l4urray is quoted by l-enne11 (20)

to the effect i;hat addition of strar,¡ to the soil reduced the concentration

of nitrate nitrogen therej¡o lìeduced yields ol¡tained. in crops follor.ri¡g the

incorooration of s'braw in the soil substantiate this fact,
There is erridence of nitrate accurnulation under niu.Lches " Beaumont and.

crooks (7) appliud 5o to 75 tons of cured hay as a rnlrch. They did. not incor-
porate it r¡ith the soil in any r.ray but left it at the surface" Afier three

to four years concentratj-oirs of as high as 230 parts per rlrillion of nitrate
nibrogen (expressed as ppm niOrN in ory soil) wei,e obtaj-ned, Ðllis, poyser ancl

Leclaire (19) foirncl concentration of r^re1l over 1OO parts per r,rillion of ni *

trate nitrogen in the grouncl r¡ater wrclerneaih oId strar,¡ piles and haysiack botÈ,cns"
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Tests for nitrate nitrogen on the ground waier j-n the vieiniiy of these

organi-c aceurnmlations proved that they ',,rere the source of excessive amounis

of soluble nitrogen,

irhere plants are not devel-opinge sorìe faetors exert marlred. influences

on the produetion of nitrate ín the soil. ÏL-gher soil temperati:re, higher

rnoisiure conditions a¡d betier aeratj on are the principal factors respons-

ible for irigher n-itrate nit,rogen elaboration r:nder sunnirerfallor,¡ conditions*

Ït r,rras argu-ed and rightly so, ttrat the nitrate accumulation under tire

conditions bei-:ag discussed ¡¡as due primarily to the fact that it is not bei:.lg

removed by vegetationu Nelrbon (33) r,oricing r,¡ith ALberta soils found that

bacteriaJ. cou.nts as r¡ell as n-itraie nitrogen concenl,rations r+ere always

higher j¡r summerfall-or+ tha:r on cropped. land." tfe also noticed. that solu.bLe

nitrogen aecumulated more rapidly in fa]Io¡¡ folloliing clo'yer or aLfalfa

than in fa,llow after grasses or cereal. Baver (9) found that fallowing Ín-
creased ihe baeterÍal activity in soils, r^¡Ìrich in 'l,urn speed.ed. bacterial

decornposi tion and rni¡reralizai;ion of nitrogen. These results he attribuied
to higher i;emperatures, higher moisture contents, ancl greater aeration jrr

the soils*

Organic rnatter is the ra¡¡ material and soil nricrobes are the worl<ers

l¡hich turn the rai'r product i-nto forms readily available for plants, fn the

soil, the efficiency of this labor force is d.etern'úned or controlled by

temperature and moisture colrditions prevaili:rg therein. Larson and }r:-itche1l

(2p) reportecl that rr¡¿pid accunnilation of ni'r,rates occurs between ure ¡riddle

of June and the niddle of /lugust"rt Ät Saslcatoon, Saskatcher"ran, where this
i,¡ork -¡uas conducted, this peal< of nitrate elaboration coi.::cided with marcimum

te'øperature for ihe area and al-so with the greatesbamount of precipitation"

Ell-is (18) found that nitrabe concenirations in the soil beg¿n io íncrease
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in May" This agai-n eoincides ¡rith i:rcreases i-:r tenperature a:rd al-so de-

creases of excessive amounts of mois'bure caused by rirelt:lg snol¡ and spring

raj-ns. According to l¡Iaksman and Starkey (Ll), rnoísture eonditj-ons nrosi

favorable for nitrifícation are elose to 5O percent of the amount of '.¡ater

the soÍl holds r¡rhen satnrated" The aecumulation of n-itrates according to

Á-tbrecht (2) fol-lor.rs seasorral- conditions closely" I'lüith Í;he advent of

sprilg the nitrabe in the soil increases and shows that this proeess 1íke

an¡r other biochenrical soil process is subject to the moisture l-evel and the

prevaiJ-ing seasonal temperature,rt Ellis, Poyser and Leclaire (f9) state that

Cook and Doughty, while ivorking with Saskatche¡,ian soils found, trùîly a few

parts per rnillion of nitrate per l^reek aceumulated i:t the soi-l- wiren the

tenperaiure i,ras be]-or,¡ 50nF" Between 50nF and 75êF the rate increased in

proportì on to the rise in tenperatrire but the ra'ùe decreasect at tenloera'bures

above 75nF,tt

ñ
uø: F¿.CTORS ¡i3'FECTING NITA,ATE i\¡iOvm'lE[iT I[ SOil.S

Nitrates are elaborated at the surface of soils where organie ae-

cilrmlation occurs and properbenperature and mo'istur'e conditj-ons prevail"

They are very soluble and move freely r'rith up and ctor,rrn movements of soil

moisturen Hearry raj-nfaIl tends to wash n-i-trates into lower soil depthsu

According to Starkey (39), under the i::fluence of heayy rainfa'llp nitrates

pass irrto the deep region of the soÍl and upon sucir occasions ihe quantity

of nitrates nay be greater in the subsoil than in the surface soil-, Because

of their high solubility, the na'r,ure of the soil j-n rorhich they are formed

(tex'bu:.e, porosity) together with the amount of r¡ater enterÍng the profile

will greatly influence their distribution within the soil and substratum"

Ellis, Poyser and Leclaire (19) studj-ed the gror:nd l.¡ater regi-ne of

four soil associations j¡l the Neepawa area of }4anitoba" These soÍls all
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have a fai-rly high organic content in the Á. or surface horizon hence, 'when

proper cono.itions prevaÍ-l, rr-it::a'Le nitrogen wi-Ll be eLaborated, but not j¡

the quantiiies that r¡ould be required to give the high nitrale conta¡nination

renorted in some of the r.¡ater of certain l+ells,

The donrinant soíl- profil e in the ller,rdale association has a clay loain

to heavy clay loam texiure in the upper tr^¡o horizons" Ït is developed on

clay loarn tiII which extends from the surface to the underlyi-ng shaIe" The

water retention capaci-ty of thís soil and substratum i.s about two ir¿ches per

foot above the wilting point, therefore, af'r;er allowarice for surface run-off

the amount that penetrates through the soil and into the deep subsoil could

not, cont:.ibute mu-ch ground r.¡ater except during excessively moist periods"

Even u¡der those conditions the water retention capacity has to be satisfied

before arry water ¡riIl accurrnrlate in the soil"

Nitrate nitrogen was found only j¡ the first and upper portion of the

second foot in the Newdale soi.ls' Since the rainfall during the open season

t -^ ¿r-s aboui tJ,) rnches (monthly peak of 2"5 - 3 inches in June) it was qu5-te

reasonable to find no great dor^¡nward movernent of tire nitrates" F\.rrl,hermore,

-i;here Ï;as no evidence of leaching doi^rnt^rard by previous raÍnsu

A second Newdale profile with a lens of coarser textured material at

the fourth and fifth foot was stu-dled" The water retention capacity of this

coarser terbured material is obviously less tha-n that of the finer textured

deposits. TLris condition was refleeted r^¡hen tests for nitrates r,¡ere made at

different levels ancÌ their presence 'vuas cieteeted in the coarser textured

layer at the four to sjx foot, dep'bh as reJ-l as in the upper horizon ¡,¡here

eLaborati on had 'baken place, Doi"rnward movement of a¡ater during a moist

period earlier i¡¡ i;he season could account for the above results,

The Stockton soil and substrate r,¡ere studi-ed. in a sinrilar nairnez' to
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that of the NTendale" The parent material- of the Sbockton soils consists of

deep sand deposits (2OO feet in places). the water retention eapaeity of

tiris sandy soil- and subsoil is only about r/3 to t/z :nen per foot6 Their

porous nature favors penetration rather than ru¡-off, DLrring periods of high

rainfa'llp rapid penetration of r.¡ater occr-lrs and consequently a r¡ater table

forms at about 20 feet from the surfaee. Below the r^¡ater tabl-e a bed of

saturated sand occurs, acting as a vast natu-ral reserwoir*

Nitrate i+as found to occur at different leveJ.s in the upper 11 feet

of soil and subsoÍl, This oecurrence of srnal] amounts of nitrate at differ-

ent layers reflects t'he i¡ter¡dtteat dorcrward rnovernent of nitrate bearing

waters that, had taken place fol1or.,n-ng rainy peri-ods earlier i:r the seäsonø

The Al-massippi Soil Assoeiation -- typieal soil found in the Lor,¡er

Assiniboine Delta .Area was one of the four assoeÍations studied, Here as j¡

the Stoekton, the Àlmasippi parent ¡naterial is porous sand* T'b differs from

the Stockton however, fu that it consj-sts of a rel-atively thi-ne sandy textured

mantle resti-ng on a highly irnpervious clay substratirm instead of on deep sandy

deposÍtsu The high porosity and 1ol¡ water retention capacity of the eoarse

textured mantle favor rapid infiltration of water. ThLs dor.rn'¡ard movenent,

however, is arres-bed at the pornt of eontact between the sand and the healy

textured substratum and consequently, a perched water table occurs during wet

periods,

Field work at different times durÍng the sur,Tûer and early faIl shor"æd

that the water table rises after heavy rainfalls" A pit dug in a field. in

nugust, l-95]-s shor+ed that the water table i,¡as IiO i¡ches from the surface,

Frequent heav'y rains fel-l on the area ciuring ihe next month which re-

sulted j-n a rise of ground water fron l+0 inches to 3O j¡ches below the sur-

faee.
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A fel.¡ soil nrofiles r¡ere i;es'bed for ihe presence of nitrate nitrogen"

Positive tests l.'rcre obtai¡ed in the rt¡ltr 6¡ surface horizons (place of elab*

cration) anct at i:he one and ti.¡o foot levels. This indicated. that the nitrate

i'ras i¡r the process of beÍng leached dol,trr" That it is leacired i¡rto tire ground

r'¡ater TI¡as proued when positive tests r.¡ere obtained i:t the ground wa'ber Ítself *

Laboratory deter¡únations made on the ground-irater sarnple taken on August 20

shorved 30 parts per rnilJ-ion of nitrate nitrogen, and only six paz'ts per million
jn the grorurd-uater sarnple taken on Octobey IZn Since the site of tesiing rras

devoid of vegetation the decrease i-n concentration of nitrate nitrogen lùas

brought about eÍther by appreciable dilution or by lateral movement and repl-ace*

rnent of the grou:rd i^¡ater or by boih of these factors"

The fourih profiJ-e s-,,udied i,¡as i¡r the ridlge and sr,¡a'i e topography of

the Lowlands area, O: i;he rìdges¡ the profile is developed on relativeþ

sirall-ow gravel and sand beach cleposits resiing on r,rater-worked clay ti1I"

l,tlater tends to pond in the low pos:ìtions in betrveen the ridgesu Ground water

is commonl-y found in tlre coarse textured beach deposits and also j¡ local- sites

l'rhere, as a result of r'rater resorting, sand and gravel are occluded in the

til'l,

The orgalic accumulatj-ons on the su-rface of this soil are usually

quil,e lolr, holuever', r'drere habitation occurs, decaying organic l¡as'r,es can a¡d

do l-iberate nitrate nii;rogen i^¡hich later finds Íts r.ray in'bo the ground. ruateru

Since 1,hÍ s coarse terbured soil is more porous and has a lol,¡er l+a'ber retenti on

capaeity than either the SLoclrton or the Alnrasippi soils, less rainfall- is

required to r^¡ashthe nitrate ni-trogen dol.¡nr"¡ard" Under conclitions of rnoderate

rainfaIl, this could mean a greater conceniration of n-itrate anions in the

ground wa'ber dire to less diluti-on.

Vegetatíon removes large quantities of nitrate aiirogen f:"on ihe sojl-,
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Starkey (39) found that ttnc nutrient ion in the soíI soluiion r,¡as af'fecied

raore by eropping i;han l^¡as niira'r,e" All plant nutrients as Lrell as nitrate

r^¡ere lowered by cropping but nitrate more than any other" tt

The kind of grolring crope as r.¡elJ. as the vigor and stage of gror,rbh,

have direct bearing on the amount of nitrate that i.¡i1l be removed* Lyon,

Bizzel! and l.tlilson, qu-oted by starkey (3g), observed that grass and wheat

tended to depress nitrate accu¡rulation'¡+hereas corn favored nitrate forma-

tions during the early stages of development. E1lis, Poyser and Leclaire

(19) found that deep rooted vegetation not only renoves the nitrates Írom

the soil but also removes the grou:rd r+ater, Good evidence of this ¡¡as ob-

taineo. wl:en there lras a poplar and wjLlolil grove surror:nded by a fie'l d under

sunrnerfallow" The grorrnd l.¡ater in the summerfall-ol¡ r'¡as at llt indrcs from the

surface and both soil and r¿aier shor.¡ed positive tests for nitrate. On the

other hand, there T'ras no ground rtater u:rder the trees and nitrate tesi;s on

the soil and su-bstraii-rm Ïrere negative"

Verbical ciistribution of nitrates is al.so affected by plant root

development" Root, systeilr.s are markedly modified by fertilízer treatment,,

by texture ancl structure of soil, and by the amount of distr.ibution of soil
moi.sture, so that greater or lesser quantities of nitrate nitrogen will be

removed depending on whether these factors sti¡¡rlate or inhibit root develon-

ment,

Starkey (39) a¡cÌ o'bhers found- that most of the remov'ai of the nitra'i;e

ions oecurs duri-ng the stage of extensive vegetative development. During

the le.ter stages, many plants shorr¡ some rei.u-cti on j_n content, and a porti_on

of preiriously absorbed elements is retu-rned i;o the soi-l*
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T}IB TOXTC EFFECTS OF EXCESSTVE .A]¡IOI]}]TS OF ITTTTì.ATE

(l) Effects 0f kcess Ín Grorurd I,fatera

Grou¡tcl water in rnost rural areas is the nni-n source o.f l¡a.te:. supply

both for domestÍc and. livestoclc use. Irdhere there is nitrate conta:nína-i;ion

of this'tr-ater it follor.rs that hrrmans or ari-imaIs dr"i:lking it äri1l be ingesti-ng

nitrate nitrogen as -rr'e11*

The concentration of aitrate arrions i¡r the r,;ater, the age, size and.

kÍnd- of a:rimaL concerned-, as well as the amount of ¡rater consumed. are fac-
tors r"'hieh deierrrúne what cousequences i¡i'|l f oll-o¡u the drinking of ni -r,rate

bearing ¡rraters *

It is noüi recognized that in humans, usuaJ-J-y on.].}, Írrfants 10 n-eeks of

age and under are seriousf;,¡ affected by methemoglobineruÍ_a ihrough irgesting

nitrate bearing 'r'raters * Tt i s also accep'bed. that concentrations of less

than 10 ppm of nitrate nj-t::ogen in the r¡ater will have no serious i-1.1 effects

on the ner¿ born babiesu Accorcling to i"fedorry (30¡, uorkers in dif-ferent

parts of E\rope and l{orbh Âmerica have fou¡rri that }iethenoglobi,rrenr-ia (cyanosis),

or the local ter:n trBl-ue Babytt, occurred. in infani;s usually under L0 in¡eelcs of

age nho ingested r,iell l^¡ater of high nitrate content used in the prepa¡tion

of iuilk formuf-as. Bosch et al- (10) r^orking in itinnesota fou¡rd that 90 per-

cent of their cyanosed patisntrs ruere i.mder two monì;irs of age r+hile nj_ne

perceni of the affected- babies t¡ere betr^¡een tr,ro and -f:-ve months" Bosch et al
(10) quot'e Comby as reporting that ',,here are a number of factors r,¡hÍch rnake

infants more susceptible to methemoglobi:reirria than older persons' Tn his

opinion, the most inportant factor is thatthe infant has less oxid.izable

henroglobin than an aduLt. He also su.ggests that there is a high flui¿ intake

u-ith greater turnover of i"¡ater in proportion to body r^reight and. that the

intestinal flora of the i¡fant may contai¡ more nitrate converiers"
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Cornbl-ath and Hartmann (13) clajm that onl¡' yCIimger infants beeorne eyanosed

upon Íngestion of l.¡ater contaj-rllng niti'ates because of the lon gastrie

aeid:i-ty r.¡h-ich is characteristíc of young in-fanis. They postule.te that if

there is no free acj-d in the stomach and the pH of the gastric juice is over

four, aitrate producing organisns can exist hi-gh in the gastro j¡rtestínal

t'tact" i¡r sufficient nurrbers to reduce nitrate to nitrite before the former

can be cornplete3-y absorbed"

Ì¡rJhen one consj-ders t'he conditions prevaililg in the alinænta.ry tract

thej-r theory seenis sortnd, Under ordinary condÍtj-ons, the human body reduces

nitrates to nitrites and then to ammonia in r,¡hich fonn they are excreted*

I'ühen great quantities of nitrate are ingestedu as is the ease of the cyanosed

ida.:rrts, and the intestina] ftora reduees n-itrate to nitrite more rapid.þ than

nitrite is reduced to ammonia, then nitrites accurmrlate" i¡uhen this is the

case, they are absorbed in the blood, Ore molecul.e of nii;rite unites i^¡ith

tt^ro molecirles of hemoglobil to forrn methemoglobinu The lat'r,er in itself is

not toxic but it is not capable of carr¡zing oxygen@

Accorclíng to Medovy (:O¡, cyanosis becomes ctinically apparen-r, when

one third of tlie hemoglobin is replaced by nrethemoglobj-n" Tests of blood in

those circumstances shornr that the l-atter j-s chocolate colored. Cases have

been reported ro¡here over one half of the hemoglobin t^ras replaced by methemo-

globin.

i{eùical offieers agree that in the affected areas there is no c}¡anosi-s

i:r breast fed infants" However, when, for one reason or a¡other, breast feecì.-

ing is discontinu.ed, trouble begins" The charaeteristic synptons appear --
grayish blue or bror.mish blue cyanosj-s which begins arou¡d the lips, spreacìs

to the Íingers, toes, face and soon the ent,ire body is coveredn The patient

becomes lisiless and breathes with d.iffici:-1ty, Bosch et al (tO) l-ist sonre
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faetors i{hich I"411 influence the length of tirne reguired for syrnpioms to

develop onee breast feeding has been stopped and nitrate affected water is

used in preparation of nilk forrnul-a* The concentration of nitrate nitrogen

in the water is of pri:rrary irportance" The amouni of water useci in the formula,

the amoruit of feeding arld the amount of suppletæntaJ- water feeding also ha-¡e

direet bearing on th-is matter. Physiological considerations such as the r,rcight

and general conditÍon of the infant also come i-nto p1ay" The same r^¡orkers

r+hile keeping data on 9L cases founct that haff of that number developed sy¡ïp-

to¡ns in one to three l¡eeks afier being on a forrnula requir.i:rg considerable

'¡tater as a diluent" T\ueni;y percent of the infa¡ts hrere on r'¡ell- water more

than 30 days while in other cases sixty days were required. before any symptczns

appeared" I:n conta¡rinated areas, if cows nilk is avaiJ-ab1e, it should be

used in preference to evaporated or powdered rrd-lk" The dehydrai;ed fozms re-

qui-re more rorater in t'he dj-lution ancl cyanosis will l-iJ<ely be brought on

sooner and l+ilI be more severe than if cor¡s rnilk was used" In one extreme

case, sy-mptoms of methemoglobinernia appeared onl¡r one day after breast feeding

had been discontj¡rued a¡d the infant rvas fed r,¡ith evapor.ated rrù1k diluted. with

?æ11 iilater heavily conta¡ri-nated with aitrate" To malce maiters rÀ¡orse, the r+ell

water was boiled for 30 nri_nutes before usÍng so'uhat the original nibrate

nitrogen content of 1l+0 parts per rnillion ÌIas raised to l+10 parts per million

by the evaporation of the water"

The most irportant factor in treatment of cyariosis is recognition of

ì;he disease' O:ee detected, the subsequent use of nitrate free water for the

preparation of forrmla.s and for supplemental water feeding i.¡j-IL be follor,¡ed.

by spontaneous reeoveryo Guest, r,/ictor ancl others (21) claim that such a re-

covery can be expected withi:r one or trrc days, These same authors report

that workers from l-or.ra, Kansas, claim the spontaneous clearing up of cyanotie
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synptoms within 36 La hg hours after discontinuing the use of the eontanrin-

ated arcll water.

In very severe cases methyJ_ene blue is given i_ntra.venousl.y, This

conpound reconverts methernoglobin to hemoglobi¡r and. this happens j¡ a very

short time" Elper:nentally this reaction takes 10 minutes proriding that

ihe methemoglobi:r content has not risen to more than lrO to 5O percent of the

total pigment, The reconurrended dose of methylene blue is one milligram per

kilogram of body weight; that is, "l c,e, of I,4 methylene blue solution for

an B pou:rd baby r¡ould be quite satisfacÍ;ory,

Aagaard (3) ehj.ms that cyanosis d.isappears as an infant gets oIder"

He reports tl¡o cases i,¡here the symptoms cleared up at the age of three months

l¡ith no treatment and no ehange in the wel-l- water used Ín the foryrulae"

l{edorry (30) arrives at much the saïre conclusions" These facts are substantiated

by the Cornblath-Hartman (13) ttreory; naraely, that gastrie acidity increases in

older infants ' Under those condj--bi ons nitrate reduction is slorn'ed dor,rn consid.-

erably and hence, ihere is no accumula'i"ion of nltrite to a dangerous Level i¡

the body.

:i significant fact about the r+ells from r¡hich most of the nitrate bear-

ing water is obtained is that they are nearly all ciug we1ls and. hence,

relatively shallorn¡, Al-so of significa.nce is the locatíon of these wells i:t

relation i;o favmsteacls or privi-es, etcn Aagaard et a-l- (l) working in l,tinnesota

founcl that dug l"¡ells are more frequently the source of r,.ater high in nitrate

than are dril_l_ed ¡.rells" They clai¡q that 62 percent of the ire]Is shoruing ni-

trates jn excess of 10 parts ner nrillion r.rere less than T5 feet d.eep"

Krasnoff (2ó) of Nebraska nade the same observations rrShallow irells and dug

¡'¡ells are more apt to have r¡ater high in nitrates than are deep a¡cl cased

t'¡ells"rr In a survey made in 1p[8, the average depth of h:igh nitrate ¡.¡e]-ls was
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35 ar:d 85 feet respectivel-y, lleart (h3) of Ïllinois also relrorts thai

shal-l-or+ r'¡el-ls are the r.¡ors'b offenders,

ïnsofar as locai;ion of ruell-s is concerned sone i¡rteresting observa-

tions t¡ere made" I-n Nebraslca it r¡as noted that farm wells r¡ere the r^rorst

offenders, Munieipal r+e]l-s shotrred so¡re ir'pro¡¡ements l'¡hile l¡eIls in school-

yards r"¡ere the l-east affected" From 258 schoolyard l¡el]s or:-1y th had 10

parts per million and over of nitrate n-itrogenu Irr i4ir¡resota 30 mral-

school anci 6lr far¡n wel-Is Ïrere s tudied. The niirate concenbration i¡r the

school wells was lower than in the nearby farm i,¡ells in all but three in-

stances* Ðlis, Poyser and. l,eclaire (19) r,¡hiIe working in ttte Lor.rer

i.ssiniboine Deltâ in i,ianÍtoba obser-,red that tl:e Location of the well in

relai;ion to the highes-b source of organic accurm:-l-ation (barn, pig pen, ei;c.)

had direc'b beari-ng on the nitra'be niì;rogen content of the t¡ater, l.,Iells

east and. norih-east of the farm buildings had invariably higher content of

niùrate in-i;he l'¡ater than'bhose west, south and south-r.¡est of itre farrnsteadu

This can readi-Iy be explained- by the fact that the falJ- of gracle is to the

east, norbh-east and. hence, any ni-tra'¿e elaborated. at the buifd'ing sites 'is

I'rashed dor,m by rain l¡a'ber ancl tends to flow eastiuard.n

(2) Elfects Of Sces¡; Iq_Soils _4nd llants
There are three oistinct d.ele'berious effec'bs to plants brought about

by excessive amounts of nitrai;e in the soil. In cases of extrernely high

concent,rations, cteath of plants nay occur. -ri..lJrere the concentrations are

lower but never-l,heless in excess, pl-ani;s are rendered susceptible io d.iseases

because of excessive gror.rbh and consequent physÍ-oiogical r+eal<ness" There rnay

also be changes i¡l tire composition and- eharacters of the crop producecÌ"

Headen (2[) ci'ues inany instances r+]rere excessive nitrate rlitrogen

lcilled many trees"i¡ orchardsn lJearthy and vigorous apple trees oearing fruit
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one irhird- of original size drj-ed r,'n-thin a fer,r days, leaves and fr-uit lrere

still on the irees, Potato plants also a.re affected i:r much the sarne r'ray.

Tire autÌror cautions tirat the ill effeci,s are not ahrays as evj-den'r, as in

the above mentioned cases@"

tr:creases of nitrogen accorcling to Curl,is and Clark (fl+) ¡ring about

a decrease in relative root weight and an increase in relai;ive top t+eigirt i-n

Éugar beets, Th-is phenomenon has also been observed Ín herbaceous a-nnua1s,

biennials a:r-rd woody planÌ;s, I'äl1-ar and Turk (3t) s.Uate that nitrogen en-

co-úrages above-grounct vegetative gror.rbh; they add, however, that this canrrot

ì;ake place exeept in the presence of ¿icieguai;e qua:rtiiies of available

phosphorous and potassium. These same rn¡orlcers clairr that in addition to

prolongÍng the gror,ring period of plants, too rmch avail-able nitrogen en-

courages the production of soft, succuJ.eni tissue trhi-ch renders the l-at'ber

susceptible to clisease and lreciranical injury, lleaoen (21+) found. that cereals

groi^ring ì.n the presence o.f high nitrate concen'brations had large green Leaves

very much ciarker than norrnal and 'i;he sÌ;ems were weak" Such cereal crops

lodged and i.rere highly suseeptibl-e 't,o rust,

T:r acLdition, to physical changes, Ìúgh nitrate concen-brations bring

about cheruical ones as r.¿e11" Headen (2h) worting in Colorad.o for:nd that 'btre

applica-bion of excessive nj-ì;rates rrreduced the yie1rl of beets, loi,rered the

percentage of sugar and changed the cornposition of the ash as ¡^¡ell as that of

the juices*r¡ Fie also found marked changes in the corriposition of 'uhe wheat

kernel" The nitrogen conteni r.¡as :¡rcreased, silicon and phosphorous r.¡ere de-

creased and the po-bassium increased" Changes r.,rere al-so no-bed in potato

tubers" Ga,rcì::er (22) reports that as a resul-t of excessive amounts of ni'¿rate

in the soi1, the canteloupe gror.¡n in the Arkanasas Valley has deterioraied

both in fl-avor and in shippi:rg qualities@
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I'i, has been observed. tiiat certain plan'i;s r.rhen gror,ri ng in soil hi-gh

in niì;rate ¡'¡i11 accurnul-ate tire latter in tire aì:ove-ground vegetation, ihe

concentration being rnostly i-n the leaves and sterris. Crops i,reated. r,¡ith

ni-trogenoüs feri;il-izers or gror";íng in surnerfallor.¡ l¡iII have higher eontent

of nitrate jn the strai,¡ than those grouing on stubble-Iand" Dough'by and.

lfarder (fó) found -bhai; drough'b concl.itíons during the heading and ripening

period increased -i,he nitrai,e conient in oat stran¡" lùmrert (f7) found. that

tomato plants 'r+ere affected similarly"

Nitrate accumulation does not occur in all- plants nor does it ac-

cumul-ate to the same degree in plani;s r.¡hich are subject to such conditions.

Davidson et al (15) cite tÌrís'ble, fla:i, mi1let, pig r.reed, r^iheat, stranr,

immature barley, na'cive ha¡i, corn starks and sorghums as plan'us i;hat can

accumuJ-ate nitrate in toxi-c quantities r.¡hen the right concij--bions prevaÍl,

Savage (37) foirnd tirat uncler certai¡ cond.i'uions sugar beet tops can accurirn-

laie very large cluantities of nitra'r,e ni-trog:en" Concentrations of as high

as 1 perceni; potassiu¡r ni-brate equivalent by weight T.¡ere recorded" On a

dr¡' ¡n"¿t"r basis this figure r.¡oul-d be much higher. Feed con'baini:rg 1".5 per-

cen'b of po'bassium rritrate (equivalent to A.2O7B/" nitrogen as nitrate) :-s

talcen as i;he 1or¡er toxic Iir,"i:it hence, it is not sr:r¡:rising that there r.ras

heauy loss of f.ife amongs't, the cattle when fed on sugar beet tops containing

i;he equivalent of f percent po'bass:lum nitrateu

X'l-i;hough the above rnen'r,ioned plants can and have cariseC loss of 1ife
ì:: lÍvestock, oat sttar¿ remaj_ns as the main oífender. Coupled r"¡Íth .uhe faci
that it is useci extensively as a forage for cattle, it is al-so l<nor"m to

accunrul-ate nÍtrates i:r tr:igh quantiiiesu Conceni;rations of potassium nitrate
rangi-ng from 3 "2 lo f .2 percent have been fowrd i¡ Coloraclo a:td l.,rþonr-ing"

Toxic quantities of nitrai;e j:r oat strar"¡ are suspected to have been the cause
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of cattle d¡ing in 'bhe Portage and Gl-adstone distrj-cts of j{anitoba, It is
lcno¡'m that these arr:irrlal-s died. of ni-trate poisoning but due to bhe fact that
i,he r¡ater suppl¡r at times coniains high nitrate, deatr- n¿y have been brought

about by contributions of nitrate nitrogen by both the strar¡ and the r.¡ater

or even by the r,¡ater only.

þ e>çerimeni,s Dauid.son and others (t5) irave found. that the rrr.ininrum

Iethal dose of r:-iÌ;rate for cattl-e 1..¡as approxÍmat e].y 2$ grarns of potassium

n-i-trate per hund.red r-eight c ("L;T rbs, for 1000 lbs") p"t animal. At thai
raüe 5"5 pounds of foclder containlng 5 percent potassiun nitrate luoul-d be

fatal to a 500 pourrd aninal, The same r.¡orkers rnaintain that nitrate has little
or no accumulative action in the sys'bem because su-blÉ;thal- quanÌ;ities can be

corlsllrrÌed daily for long peri-ods r+ithout ill effect,s. Tolerance apparently is
neitlrer increased or lessened.

An in'beresti4g observatiorl I"ras mace by David.son and his co-r,¡or]çers

(15). Oat hay dampened. by rainfall tire previous day rvas fecl to heífers i¡ a

dry' 1ot, a:id to B! cows at pastu-re r.¡ith access to ruater" The heifers r¡hlch

had received no r"¡ater r+ere unaffected i,¡hereas ZLl. of the coln¡s cì.rec1 arrd 6 others

aboried on ì;he fourth day"

Abortion is quite corünon in cattle tirat have suruíved nitrate poisoni¡g.

Dradle¡' et aI (11) reports that j-n one instance six out of eight anirnals s.i ck-

ened, but recovered anj¡rals aborted clead calves i.¡'itl:in a fely daysu Fþom

Da¡rton, -l'tyorrring the same investigator reports that 10 cor¡s had aborted fol]or¿-

i-ng the ingestion of æt hay high Ín ai-trate" Âbortj-on resufis from the lack

of suÍficient ox;'rgen being frrnishec. Ëo i;he foetal circulation, The foetus is
asph5xiated and is subsecuently expell.ed or discharged as foreign tissue@

The synq:toms of affected animals are quite characterisi;ic" A rapid ac_

celeration of the pulse is first noùed., This j.s follor,¡ed by shortened quickened
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respirationse trembling of ceriaj¡r muscle groups, weakness, siaggering

gait ancl in some cases apparenÌ; bli¡dnessn The a:rinæ.l ceases io eat, soon

sínks to the gror.rnd on its breast, or may ro11 over and lre quietly on its

sid-e t¡ith its inouth opene the rrucous rre¡'¡brane and tl:e tongue are blue or

gray in color, the sclera of the e)¡es has a bror.rn:Lsìr 'ci:rge, Blood draluyr

from ihe anjmal r.¡ill be a chocola'be color. At this stage of the poisonÍag,

if no Ì;reaÌ;rnent is underia]cen death '..til-]- oceur and this r¿iII cornb about

i^¡ithou-i the slightest si.ruggle,

Treatment consists of an irriravenou-s injection of nreiìrylene blue at

a rate of tr.¡o grams per 500 pounds of arri¡ral r,,ieight but not J.ess than t¡r¡o

grarrts in an¡- caseo The methylene blue is dissolved in l'raier as a four per-

cent solution. Injection of ihis solubion is usually done in the jugular

vein. Response to the treatmenÌ; is almost i¡rs'bantaneouso The meth.ernoglobin

is o¡:ickly red.uced., the s¡anpi,oms disappear and. the anim¿1 which ïdas near

death may begin to eat r,rithj-¡r 10 't o 15 ¡ninrr-tes follo¡.rj:rg the injection.

Au

(1)

TTT" ]}]IESTTGÂTTONAI PROCÌIDURE

FÏBID TNVNSTTGATTONS

Landscape /l.reas lhd Ground T,vater In The Neepaïa And Adjacent Dis'urici;s_

The terrain in the ltleepawa and adjacent districts can be divided

naturally into four mai:r physiographic or lancì.scepe alreas.
I

(Í) The -r¡Iestern Uplands Area

(ii) The Upper :tssini¡o::re ÐeIta Area

/.. - \(Íii) The Lor'rer Assiniboine Delta Area

(in) The Lake Basi.:n Area

The soil-water regime differs ìn these respective areaso
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The specific. features peculiar to these, anct r'¡hich are relateó to

the present studies are as fol-l-ows: -

(i) The Bou-l4er-Ti1l Lrea of_ t_he r¡iesterq _Uplan9.s - This area lies

wesi: and north-l¡est of }leepan¡a above the level of the land imrndated and

mod-rfieci by glacial Lalre Agassiz" Phsrsiographically it consists of an

undul-ating plain of clay-loam boul-der-tjJ-l resting on shale at varXri¡g

depths" The 'r,opgrapþ favors ru¡r-off r¡hich is responsible for ihe sloughs

and 1oca1 hydronorphic sites ín the depressions and basi-ns" The r^rater re-

teution capacity of the boulder-till in this area i-s approxima.tel)r t¡.ro

inches per foot, holrever, occluded lenses of 1.,'ater-l¡orked deposits nay cau.se

l-ocal variationsn It is on Lhe upper portions of the tilI deposits that tbe

profile of the soil association designated as Ne¡,¡daLe is formed, Ground

'¡¡ater in thi-s area is obtained from wells dug j:r the till and shale " 'r,rieJ-l

water appears to be derived ctr-iefly from seepage through the till and also

through fissures in the shale,

(ii) fhe_Up.p_"r 4Fsfqaboing. ! * This area iies betrn'een the

Ì;i11 area of the T,lbstern Up]ancls Area and the Canpbel-l- beaches of Lake

Agassiz" The most proini:reni of those beaches is cornr'ronly referred to as the

Upper Ca:rpbell Beach or the Arden Ridge, South of Neepaua the terrai¡ con-

sists of sand- dunes i-nterspersecÌ r¿ith snrooth areas of sandy deposits on which

the soils of the Stockton Association have developed" fn sone places the

depth of these deposits is as much as 2u0 feet. Du-e to coarse texture, these

soi-ls ancl their substra.ta have relatively lol¡ r¡ater retention capacitye.

Their porosity fa.vors i¡filtra"tion rather than run-off"

Ground- i+ater is obtained j¡ those deep sandy deposits 'uhrough sald

poÍnts driven j-nto r.¡hat ca¡ be considerecÌ as a natural reservoj-r filled I'rith

sand to a depth of about 20 feet above ihe level of tire Ìrraiere
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North of Neepar+a the delta becomes

into gra:re11y and sand¡r beaches, alluvial

rrorked tiI1 deposits,

íll-defined and gradual.ly merges

fans, shale outr¡ash and water-

(iii) The Lower lLssi:riboine Delta .Area This delta extends belor¡

the Arden Ridge to Gladstone in -r,he latitude of Neepar.ra and north to south

it extend.s from P1u¡ras to Carman. It stretches as a flat plain at a l-o¡ser

elevation -i;han the upper delta, and consists of a ',,hin m¿ni;Ie of sand over-

l¡.ing locustri¡e clay and r+ater-r^¡orked clay tiI1" It is on 'Lhis sandy mantle

that ì;he soils of the AlmasippÍ Association have developed. Despj-te their

porous nature, these soils are poorl-y drained inierrna.lly" The sandy mantle

has a low r'rater retention capacity but r¡ater r^Èrich enters from ihe surface

percolates rapidly dor,rnr.¡ard and is arrested by the clay substrata. This re-

sults in the periodic occurrence of a perched water table above the contact

between the sand anci clay deposits, In periods of heary rainfall the ground

rvater rnay be i"¡iihin three feet from the surface, Gror¡¡d r.rater is commonþ

obtained from relatively shallow welJ-s.

(iv) The Lake Basin Area - Th-is area Jies north arro east of the Lower

Assiniboj-ne Delta Area and consists of a lacustrj¡ie plain quite fl-at in out-

li¡e" The surface deposits va.ry considerably - tlrey range from ¡,¡ater-l¡orked.

till fu the lnlest Lake area, to siliy and clay cieposits in i;he Red River plai¡r"

Again, in the vicini-ty of streams, the lacustrine sediments may be covered. by

levees and flood plain ovemvashu North and north-easì; of -bhe Lornrer Âssiniboine

Delta Area, lake action has rer^,'orked anci resorted the surface till into 1or..¡

rictge ancL srval-e topographyu These rnicro-riclges run from north, north-west 'i;o

soufh, south-eastu At ini;erval-s anci nmrring in the sa¡re direction, l¡ell de*

fÍned ridges of gravel ancl sanC r¡ere throl"ila up by Lake Agassiz <iuring its
successive stages of retreat' East of the delta, extensive lacustrj¡re sedj¡rents
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cov-er the Io¡.r1and pJ-ai n, hor..¡ever¡ in certaj¡r areas these sediments are i¡

turn covered by flood plaÍn over-wash.,

(2) I/ari_?!Íons In Grou.nct tr"¡ater Regi-rrre

Dj-fferen'i; water regimes occur under the various surface deposits irr

the Lake Basin Area" 0n the Agassiz beaches and i:r the shallor¡ l-acustrj¡re

sedj¡renis, r'rater is obtained readi-Iy, in moist seasons, from shallor,¡ r.re]ls,

Cn the other hand, the deep lacustrine clay deposiis do not favor easy per-

colation and grourrd water storage. Therefore, d.ugouts here are used drrite

exbensivell- for siorage of lrrater, In the more porous sedi¡ients, r+ells of

shal-Lor.¡ i;o med.ium depth are the cotnmon source of r.rater suppl¡-"

The prclirr,inarï¡ fielo work in this i:rvestigation consisted of makj:rg

traverses through the Ìtleepar'ra and adjacent physiographic areas" Along these

lines of traverse randorn samples of l'rater ¡¡ere obtained frorn r¡ells and.

dugouts ancl tests for the presence of nitrate nitrogen lrere made in the field

at the site of sarçli¡g" eythe use of appropriate syrnbols, all i,he i¡for-

mation obtaÍned i+as plotted on a dis'i;rict map as shoi,¡n in ftgure III, and

from observations made of the physical- features of the region, a defj:rite

l-ead '¡uas obtained, It became apparent, on the one hand, that nitrate con-

tandr-tated r¡eI]. itaters 'Þ,Iere of com¡ron occurrence in the lo¡^¡er Âssiniboine

Delta Area, in i;he nrixed. deposits at lileepawa anci in the coarse textured beach

deposits of the Lake BasÍn Area. û: i;he other hand, r.¡ell- r,¡aters tested Ín

the ijLl plain of the I,,IesternUplands Area and in the deep sancl deposits of

the Upper il,ssiniboine De1ta Area shorr¡ed. ni-r,rate contarnination io be onJy of

casual ancÌ Liidely scat'Lered occurrenceø

ùrce tjre dis-r,ribu-t'ion of n-ltraì;e-contan::inated. wells Ì^ras ascertained,

and a general picture of the ground-r^rater regi:ne in the su-rface d.eposits of

the pl'rysiographic regions lmcler siudy was obtai¡red¡ æ atterpt r+as road.e to
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deter¡rine the source of nitrate nitrogen in -t,he contaminated r.¡e11 waters"

The prelimínary survey shor+ed that nitraie contarrinated ground ¡+aters rsere

most conmron i-:r areas rnrhere grouncl lrater occurred at relatively shallow

depths or r,rhere a perched i^¡ater table beIor,¡ the soil profile rias present,

tonsequ-entIy, subsequent studies l¡ere centered- on the rioì.ged areas of the

Lowland Basin a:rd i¡r the Lol.¡er Assiniboj-ne Delta -r,¡here the above respective

conditions are encorrntered.

(3) Deter¡rinations Of Nitrate fn Ground. trrlaters

Tests for the presence of nitrate nitrogen hiere made oir soil profiJ-es

throughout the affected areaó These profiles were sefected. from field.s hav-

ing different t¡4pes of crop and al-so from areas supporting poplar and wilIovr.

Tests l'¡ere run on the d.ifferent horizons in the soiJ. profil-es as r.re11 as on

tlre urrderfl-ing ground ivater. During the month of AugusL lg57u uhen this

phase of the survey was conducted, ground water was not present i:t any of

the tested sites under groves of trees, natíve grass, alfalfa grass raixtures,

or in some sites wrder cropo llorvever, under falloi'i, ror¡ crops such as corn

and. sunflol,Iers, and under cereal crops in most sites, it t¡as eneountered at

about four feet from the surface" A fer.¡ profiles investigated in fallow

fiej-ds shor,¡ed'bhe ground ruater to be at about 30 inches fro¡i the surface.

The tests made on the different ìrorizons in the fallow profiles re-

vealed the presence of nítrate nitrogen therein" (See Table No" I) The sur-

face horizon ov zone of elaboration invariably haci the highest concentration,

From theree as one progressed dor¡t+ard the concentration of nitrate d.ecreased.

fn the groutd water, holrever, there proved to be an accumulation since the

ouanti-i;y there i"ras greater than at any place r^iithín the profile" At on speci-

fic site testç maoe at intervals fron August 20th to the lâbh of October on a

profire in a sumr:erfa[ov¡ fie]-d showed that the above mentioned pattern held

true, i,e"
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nitra'fe ni-trogen Ís efabora-bed in the surface horizon and is subsequently

washed doirn through the profile by raÍ-nsu fbom the time that the first pit
}Ías opened in Augus'b to the date of the last test-ìng, the ground water had

risen fro¡:r LO inches to 3o i¡ches fro¡r the surface" ThÍs r+as brought about

by 3'2 incjres of raj:r r.¡hich felI on the area during tha'o tine, Accompan;ring

the rise of the ground i+ater l"ras a reducti on of conceniration of ni'bra'i;e from

30 parts per riúllion to six parts per ni-1]-lion, Tjds reduction cou-ld have

been brought about by the appreciable dilution causecL by excessive precipj-*

tation or by laì;eraI rnoveärent and. replacement of the grorurd ¡,¡a'¿er or by both

o-f these fac-bors,

T4B-I,E.J%-J

$tfr,TtlAlg-Jllts9g4f rN FALLOI.r FrElÐ lù.LfA!-t-!rl3 Ar succ¡ssrvir DAIES 1951

rh alU Denth

0-órt
7 -1 )n

L2 -20ft
20 -30"

?^n."

0 -10tl

10-20 'r

t" 18

10 ppm
10 ppm

B pp*
trace

'i,üater at
(*)

: Oct, 12

: 3 ppnrx

: 5ppm,r
:2"5 ppm ,-.-

12n

:0
t7
z12
z20
:30

- órr
-a2n
-20 |'

-30 t¡

-ho "

++
+

trace
trace
trace

-t^tra'ber at l¡6 tt

30 ppm -;s
:I¡Iaier at
: 6,0 ppm

ìf lleterrrdnaiions made j¡r laboratory; other figures are es'bimai;es mad.e by
spoi plate comparj-sons in the fiel-d.

++ = very hqt, and + = positive presence of nitrate on August 20, but not
rne asure d quantitat:i_velj/ø

The results of similar tests made in fÍelds under crops shor"'ed a:r ab-

sence of n1trate or, if present, lurace amou¡ts onlyu lJegative results r¿ere

obtained in all horizons of the soil profìles under crop as r+elI as in the

ground r'rater occasÍonaIly found uncer ro'rù crops, (see Tabl-e U)
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Having compleied thai phase of study and- being reasonably sure that

tlte c¿ua:rtity of r¡-itraie nitrogen contríbuted by i;he soil -uo i;he r.reI] iraters,

at tire very rnost r.ras i¡ rrery srnall c¿uantities only, it is iinperative to look

for other causes of nitrate contanination, Nitrate nitrogen is an end pro-

duci of organic decay : io produce the concentrations o-f nitrate found in

some r,¡ell r¡ate:'s r¡oul-d require qua-rrtities of organic matber far exceeding

those present in soils under ordinary field condj-i,ions, In seelcing íor or-

ganic accumulations, attention was dj-recied to fannsteads, Ilere were found

organÍc accumula'bions of all descriptions - rurnure piles, pig pens, chicken

coops, corrals, stack bottoms in feed lots, seepage of liquid excreta from

barns etc.

On açecifi-c farrn (N"8" Ll+ Z6=J-1*11) in the .Almasippi Soil Associati-on

nitrate iests r"¡ere made on the grounct v¡ater under i;he far:n fields, The con-

centration of nitrate i,r-as relaiively Iow" fu ihe other hand, tests on r¡ater

from l';elIs located abou-b the farm buildÍngs contained large quani;Í-ties of

nitrate " This s-t,r'jJ<ing difference of Ievels of iritrate in the gror:nd r+ater

beIol.¡ the farm fiel-ds ano of that in the r.¡ell r,¡ater in i;he farm yards l-ed. to

a d.etailed. study of the ground. rvaters belor^¡ the specific farrns'bead and adja-

cent fields, ,4. cletaj-led plane table survey nap ûras made of the farrn ünit

(farmstead and sur::owrding fields) , Borinp¡s ai selected. poin-bs dor¡n 'r,o ground

r.¡ater r^¡ere nade r,¡-ith a three inch soil atrger@ llt everX. foot depth, soil lras

tal<en and leaehed l¡rth ctísiilled water and the leachate rras then -r,ested for

ni-irate, In'hen the grounci r.¡ater r¡as reached., a rubber tube fÍtted LriÌ,h a

glass end t¡as i-nserted j-n'i;he hole and by suction, ground ru'ater lras dralrn up,

fil'¿ei'ed and tesied" The results obtained aÌ; every boring site r¡ere record.-

ed on the map by appropriate symbols, As the boring Ðrogressed, a definite

pattern became apnarent" T¡lvariably the heaviest concentrat,ions of nitraie



jn the ground i,¡ater i,¡ere obtained in r"¡ater from holes bored j-n the j-mmediate

rñ-ciniiy of heavy accu¡ulation of organic matter" The usual accurml-atíon of

manure aboui the barn, in addj-tion 'bo the liquid. excreta seeping ihrough the

bav'n floor and inio the soí}, supplied. the ground i'¡ater under it ¡¡ith an

abr:nd-ant suppl¡' of nitra'ue, The organic accu¡rul-ations irnder and around i;he

priv-X¡ chicken pen, pig pene nanure pi'le a:rd ihe feed loi also r,*ere other

sites r+here excessÍvely high accu¡m-¡.J-ai;ions occurredu Holes bored in the gar-

den showed the grouncl- r,rater to be nitrate contaminaùed although not to the

e>iten't, as -t,hat, fou.:nd fu"¿redj-atel]' below the farrnstead" Äs the borings pro-

gressed furiher alu'ay from the fa.rms-bead anci gard-en, the concentration of

nitra'r,e in the grounC. ¡uatei' was observed to be less arrd less until a point

Ìias reached where 'i:r¿rce annurrts or negaiive results r,rere obtainedo

A copy of the plane table map of thi.s farm is shoi.rn as Figure IV" The

locations of the respective bore holes are shown by numbers and the respective

concentrations of nitrate nitrogen in the ground r¡aters are given in Table III.

The contarninated area as sholun on the farm rnap ís delineated by the dotted

1i¡e. Al-1 holes bored r^¡i-thj-n that area shor^¡ed that the ground ir'ater contained

nitrate in excess of 10 parts per m-illion, (n:ini:riura toxic quantit¡' recognized

by medical authorities) r+hereas holes bored outsj-de that area showed the

ground r.¡ater to be negative, or to contain nitrate in non-toxic quarrtÍties*

The line of delineati-on indica'r,es that conte.riúna-bion stops short i.¡est

and nor-i;h of the farmstead, but on ihe other hand to the east a¡iL norl,h*east,

it can{es nelI i¡to the adjacent fiel-ds for a dj-sta¡Lce of nearly one tenth

of núIe "

A second farm urrit (i'ü,i'l" A/'l+ 3\-ß-12) in ì;he sa¡æ soil association

was studied iir a sinrlar detailed namler, and the farrnstead plan is here sub-

i¡ritted as Figure I'Jo" V, The noi;a'bions of ì;he nitrate studies of ground r'rater
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TJ,BLE NO. ITT

DE'FTH TO GRT'UÏ.¡Ð I.TÂTEF" ,{IüD ÏTITN,.A'TE }ITTROGEi{ COI.üTTI\ÏT

0F GROU]'ì! I,,'I.ATER FOU],]D li\i BORI IIOLES ¡JIJI'IBEÃ.ED ,qND F,jCORÐID IN FIGIJRE IV

lü"8. 26-11-11 Almasippi Soil Association September,- 1951 ___
2 3 : Esi;imatedltli- 3 å

3 Ê 3 trate Ì.tritrogen 3

: Bore- ; Depth to 3 content in ppm B

' hol-e

. J\iOo

ground : of ground '¡^¡ater
'i,tra-r,er in 3 dral.rn from bore

feet z ho].e
Remarks

6,5
OøU

5"5
5"a
h,5
6.o
6"8
6,0
ó"0
5"5((
4"5

: 100++ J : Four feet frorn priw
: 100++ ^ : Chicken yard
: l-00+ ¿ : In front of hen irouse
: 90-100
z €a-75
z 6o-7o
z 6o-,lo
: Lo-50
: ho*50
: ¿rO-50
; 20*30
; 10-15

; iligh surface !
r concentration : Gard-en

: Field cl-ose to and east of farmstead 2

: Field close to and east of farmstead z

: Field. cl-ose to and east of farmstead ?

; Fiel-d close to and east of farmstead z

: Field close to and north of far:nstead 2

: ldear dral'i rn cal.f pasture z

¡ Betr'¡een hou-se and barn
: Garden
: Beir¡een house and privy

: Oat field
I Corn field
: i{ay fiel-d

z 7 z )+,5 ; 10-15 I Field close to and north-east of fan'rrstæ.d:
t 2I z 5.O : 10-l-5 c Fielo close 'i;o and east oÍ famrstead :
: Barn i'iell iùo. 1 : lO0++ ? z

, Ho.r"u 1,ie11 i'rå, 2 z ðõ]Zo 2 i
----ã --a- =--t 13 z 5 "5 : -brace : : Very close to garden i

5"g

5"0
OoU

þo)

: trace : Field close to and north-east offannstead:

; trace
¿ brace
: trace

j_ _ 32 _ 6"0 ; tlace : Oat field
î--ï--:--8., 3 --fiï -îõaElierã
z 2 ¡ h"2 t Nil :oatfield
:l+:

33:
3l+ i
1/+ :
t>i
llr

6"5 ¡ lt]il : Tarci uortlt-'r¡est of fannstead
6"0 : Nil : Yard r¡est of buildings
¿-r.C : Nil : Yard souì;h of barn
JJ

5 "5 : Nil : Grass pasture fiel-d
5 "5 : Ì'ä1 : Grass pasture field
Lr"S ; tüi1 :Fa].l-or,r
åE : Iriil :Fal-lo¡'¡

6,0 : lùil : oat field
6"5 : irlil : I{ay field (aIfalfa)
6"3 : I'li} : Grass pasture
7,,1 ; i'iil ; Hey pasture (aUalfa)
5"o ¡ Ni1 ¡ Corn field
ó,0 : liil : llay field (alfaIfa)/ó̂"0 ; i$i1 ; Grass pasture
ó.0 iüiI : Grass pasiure

z35z
4/

. .)v

237î
^ô?)o3

-:ç hlater e>rÌ;ract - iro grourid r.raier obtained
1 Very hÍgh concentrations - well. over 100 ppm
2 Infn concentrations - above 100 ppm

3 Beloi¡ 10 ppm - hence non toxic concentra'oions
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TÄBLE J[0. TV

DEPTH T0 GIlOUi\.Ð I.J-ATER A¡¡l IJfTriìATE i¡-lTRCG,':,-ì't COIüTEI{T

OF GN.OUI'JD '¡iirTEl. FTJUÌ.'TD TN BOP'E HOLES J',IIT'IBiI"REÐ A]\Ð P"ECOh],D:]ìD Ii\T FÏGUiìE V

: llstjmated i{'i-

Bore-
hole

I,ïo".

Depth to
ground
l¡a-r,er in

feet

trate ì{itrogen
coni:ent in ppm
of gror,rncL i,¡ater
drar^m Íron bore

]ro1e
Remarks

5"o

6"5
6"5
6,0
)rU
o.5-x-

)ø)
6"5
c 1,,
) ø )a\'

l-00+ 2
100+
l+o-50
20-3a
20-30
10-15
1o-15
10-15
1C)-1 (
în]E
i[i1

farriryard - 75 feet east of barn ;
01d buil-ding site z

5O feet east of house z

Stocþard z

Road allowance north-east of fartnsiead ?

Thirty feet north of ol-<i building site :
Oat fieLd norih-east of fannstead g

Road allotrau.ce north-easi of fannstead å

la1l-oq clean eng $ree_frog gogch grass _3

I *l.'tslt l'jou 1

)

1,{i1
]\Ii1
Iril
iüit_
i{iJ-
iüi1
I'tit-
Nil
Ni1

¡J
o)

z6
¡ Lf

:11
" 1)

^1.. /4¡cJ
^/z¿c;---

:10
zl3
"'7ol
- r Ì,.J4

¡r¿
.!)

. 10. */
z20
z2L. //

5,a
5"0
5"o
)ø)
5,5
5 "A',ç
5"0*

trace
trace
irace
trace
UI dUE

trace
trace

f'allor,¡ fj.eld
Oat fiel-d near fal].ow
Oat field near fallor.r
Oat field
Oat field

: Fal1or,r, couch grass in festation
: Roa.l_al-louance_north_oÍ f airnsi;e ajl

; 'toa¿ a.Iloi,¡ance norih oÍ farmstead.
Oa1; field
Oai, fiel-d
iriel-d north-east of fanirsteacl and road
Field north-east of farmsteaci anci road
lüorth-west corner of farmstead
Iü'est of garden and far¡isi;ead
South-ruest corner of fartnstead
Fal1o'..¡

5"o
)ø)
6"3->;-

) ø)7\-

5 "bt'i-
5 r5)a'
L l^-\a

5 "i-Y'
) ø )-¿r
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Î,S],tr IT0" V

Dlt?i:'t1 T0 GRO-rE]I r¡,LA.TER A].ill IJITR.{TE l.iITiìOGEfi COiüTBti-Î 0F

GROUi{D ì',IATER FOU¡]Ð l}l BOEE HOLES i'ilJl.fBEP"trD /ii'lll RECOII¡ED I1{ FIGURE VI

! ltJo" : feet _: hole= : - _ _ _ _ i
: 1 : 7.0 : 1C0++f : -Ì-n barnyard close to chicken house i
z 3 : 8,0 :
r )+ : ó"0 i
t5:ó"0:
zI5:6.07
z16z6"c:
zI7r6"0:
r1Bz6"0:
3 Lr : . r' :¿l-L ) o2t32,4"02
,hzr5,o2
;2125,5:
i co , D n !L,/ êev

z 2\ z 5"o :
t26;3.0; //Z ¿¿ Z Þ"Þ i
" 2R . ?( ,o J ø)

225:3'0".
t^2J934003

:llrz6uoz
t\3:3"C2
¡1I:ô"0:
z 6 z 6"0 i
:31:3"0s
" 2 . (n

' )øv

: B | 5,o i
; 20 z 6^0 ?

; ,o : 3"5 ; to ' 
tt3:Híu 

manured rierd
; -i+õ : -l+lo- - ; - - Trãcã 3 - - î l-n-pãslu-1eiõrTrr:eãst -or-¡ãrñyãrã
. al' - i' ( z trace : Fal-lor^¡ after corn 

1"' JLr c L|OJ

t 33 : l+"0 : trace : Fal1oi,¡ a.fter corn

: Bore-
: l:ole

:10?u"52
2L2:ó.C3
:l-3;ó.02
¡35:4e0Jrt
'" 36 : J+.0 i

: Es'r,ima.ted Ni- 2

: i;rate l{ii;rogen 3

Depth to : content in ppm :
ground : of grould r.¡ater :

'.¡ater in : dratnrn from bore : Remarks

100++ : About 12 feet eas-b of barn i
100++ : 5O fee'b north cf barn close to haystacks :
100++ : Tn chi-cken pen north, north-east oÍ' barn i
100++ : About 50 feet east of chicken house(baregrourd:
l-00++ : At east enci of shelter beft i
100++ : h pasture north-east of shelter belt i
l-00++ : Paslure 12 tt. north o-f ravine and north-east:of farrnstead100++ East of barn norbh-east -of prirry- hor_rcetogarden'
100+ 2 : Fal-lolr fi-eId. near yard fencè
1OO+ : About L5 tt, north-east of pri\ry :

lOO+ : Close to shelter belt north-east of farrnstead:
l-00+ ¡ Tn hea"v-iIy manured field
1OO I Heavily rnanured field i
100 : Heavily nranured field :
75 ; Due north of barn lOO ft" north of dælfs belt:
75 : Heaviry malured field z

5O-Ø : Heairily ma:rured fiel-d z

5O : Pas'r,ure near ravine north-east of far:nstead. 2

3O-l+0 ¡ Close to and east of chicken house z

20-40 : Easiern exLrerrr-ity of heavil-y manured field 3

25-35 : Garden i
15 I h'est of barn about 20 feet away .from corner z

f5 3 äeavil¡'manured fiel-cl 2

10-15 : About 40 feet south-eas'r, of barn z

10 : Pasture r¡est cf ba-rn z

10 : Pastur:e norbh of farmstead some di sì;ance from¡

trace
trace
UI éUg

trace

ni1
nÍ1

: jtiorfh-east of fanrsiead- some di-stance i n field
; Heavj ly manured fiel-ct
: Fal]-orr so'mr to oats
: idorÌ;h. of fanastead beyond shelier belt

..:

z 9 z 5"0 : trace : fn oat field
nil : i'J}:eat field- - gra-Í-n about J inches l-ong
niI : Oat field

: h fì; " easi of oriwatfoot of coi;ior¡.rood caràEana 2

: Brome - alfafTa. ¡íjxtu¡"e (belt :
ni1 : Brome - alf'alfa mixture

. a7 . (-Õy.- t tif : !-enceli¡re r"¡esi end of alfatfa field i. Jl a )ew- ?R r q : ni.l ; Fencel-ine - heavy grass growth 3. Jv o )@wl¿z ).+5 , 5"5 ; niI ; Pas'Lure :
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TÅBT,E }TO" VT

ÐEPTi{ T0 GROIJ-]'.1} 1''ATER AND I'ITTBATE ],lI'üì,OGEliT COÌrl'i'EiiiT::=:__--_.--.
oF GROul{D 

'r,'iATER 
FOui'iÐ r}i BOÎE i-IOLBS irilJtßLrRÐ ¿tiD RtrcotnrÐ r},i }.rGUp,E \rur

,_L!. .l[-ll-lz Almasip,¡i Soil_ Associ-a'bion June - 1953
; 5s-Li niated I{i- :
: tra.te iili-trogen i
: conteni i-n ppm 3

: of grourrci r¡aier :
: dral.¡n from :
: bore hole z

'-i
100+ ; About 10 feet easi of i:rii,r¡r and-lnTarnyañ

Ð^-^lUI U

hole
I,JOg

Depth to
ground

lrater in
laa*

A

l' .
100++
100++
100++
l_00++
100++

Remarks

: Tn barnv-ard 
a

: East of barn (abou-t 50 feet aruay) :
: i',rolih-ea.st of barn (60 feei ar,.ay) ,
; Feed loi (bare ground) :
: Tn heavÍIy nranured pasture adjaceni; to i: : i ? nanurepile 

zz 35 ¡ Lt"5 : 100++^ : irlear m"ir.-r" 1:ile in pasture :. ( . ( i IOC++2 ; pas.,ure (graäs) cast'of barnyard ;./.)
' I h ' L : l-00+ ; 10 fee'b north of hen house.,)
, 1O . ( . l^^r, - Ð^^r^--^^ - - -J- ; 

- -,-. &/ . ) 3 100+ : Pasiure east oÍ fan-ris i;ead
' )1 . I . ìÂA¡ - ñ-^^-r^--. LJ- ; 2 : 100* :Garden z: 6 ". 6 : lCO'" : Pasiure (grass) e.as'b, north-east of Íarrnstead:
t 27 z 5x : lOO+ : Pas-bure near feed roi and rnam.u'e pile ?: 11 z L.5 s LOO : Due easi; of barn¡rard in pasi;ure it 13 z 5 : lOO I Pasture easÌ; of Èutnyu"d (close to Lati:er) ;t 31 z 5 : Bo-1oO : Heavily marrured pastLre sou.bh of farmstead .: L8 t 5 : BO-90 : East hat-f of garäen ;¿ 33 z 5 ". 75 : ileavil¡r manured. pas'üure sc uth of farräsiead :"" 9 z )+.5 t , 75 : pasùure easi oÍ L.rn, close to l_atter ?2 L7 ¿ 5 z @*75 : Short d.isì,ance east ói garclen ;
"?D"(. )1 i 2 I 50-60 : Heavily tita¡ureci ;oasiuz'e south of farmstead i¡ 3 z 5"5 z 25-35 : Close to anct easl of pig pen anci ofd blclg.slte:.20.(,. a) z ) : l0 : Pasture east of ma¡ured area

^ti Jl4 ¿ 5"5 : l-0 : Lane near duEout
l-:-''req Eu"?;:::::lqoï_ - -; õrõsãro_u¡"[¿"gp"I"u - - - - -;
z 7 z 5 - -;- - Trãcõ3- - - î ã¡õuE Eo-rãelñeFt*or ËaFn.s?assãd- - - - - -:
. )t . I . rar-^^^ - ^L^--! ¡ln ¡r " 

-. .L i 2 : Trace : About f50 ft. north, norih-east of far.rnsl,ead. :: 3 z z at foot of t,ree belt7-tõ -F-. LL . ) : nil :Pas-bureduãeastiFlarmstãaã'-- ---,
. ll, " ( - -.:-r ñ¡ -r4 í 2 : nil : Pas'¿1-lre north-east of farrrstead :| 2? : l+ : nil- : Grassed. road alloîüance uest of garclen i

^l¿3 ¿Ll t 5 : nil : ltiorth-east of fai'rnsi;ea-d quite some disbance in ¡
3 : : :fÍeld.t(.tí .) i 2 : nil : Grassec. area south of house to r¿est of famsbead:.)R.(¿ Le i ) : nil- : Sou'bh-east of farrnstead sorne d.istance in fiel-d:
: l+ t 5 : nil : Pasture sou'bh-east of farmstead z

: 10 ¡ 5 3 nil ; Pasture due easi, oÍl farrnsi;ead ;| \? : | : nil- : Pa.si;ure clue east of far.n:siead ;: JÕ z 5 ; nil : Grassecì. yard south of house 3

'" 37 z 5 : nil : Grassed road atloÌrarrce north oÍ fa::mstead i: 38 ¿ 5 3 nil : Grain field i
:--?2 -5-*-:___niI_ 1!tgnþ19

.9
¡B
3r5
i¿o
:30

: ide]*l IiIo" 1 : Ìriorth of irouse ancj- iir haaui rassed area
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sre recorded on Table iiio" IV" As in the first farm studies, nitrate con:

ta:nination of ground r"¡ater iras centered about the farmsieacl, A.s before,

conta¡dna'bion storrped short of bhe buirdÍngs and- organic refuse to the r,rest,,

south*r¡est and north*+¡est" To 'r,he east anC north-east the coirta¡mnated

gror:nd waier area dr"ified out j-nto the fields j-n a more definiie tongue than

i"¡as no-r,iced on the first farrnstead,

During the latter pari of .Iune , 1953, the ground r.¡ater of the same

tr+o farrn units was again tested íor the presence of nitrate nitrogeno The

striking sir¡ri-lari-by of pattern of the conta¡dnated areas abouj; the resr:ect-

ive farrnstead betr¡een that obtainect i¡r -bhe fal]- of t95t and i¡r Jrine, 1953,

can besi be noticed by corrr:paring the plane table rnaps of the farm units urrder

stu-cì.¡r niade at 'bhose respectÍ-ve dates, (Figr-rres IV, V, VT, VII)" The niiraie

coniarrrinated tongued area proirucÌing north-east arlay from the farmstead a¡d

i::to the adjacen'i; fields is in evidence on all the reps, Contamj-natj-on is

also seen to stop short of the farm buitrdings anC organic refuse to the r^rest,

south and south-i.¡est,

. Dring the r.¡-inber of L952 - :1953 the fann operator on i;he I\-,tr. l/h

26-11-l-l-, heavily manured (ai least 25 tons per acre) one of the fields adja-

cent to lr-ts garden. Thi-s si:ecific fielci. i s shor"in on Figure VI" The grouncl

water tested.u¡.der tiús fi-elcl r,ras posit-ive from one end to the other ivi'i;h the

concentratj-ons of ni'r,ra1,e ranging from irace c.uan-i;ities to over 100 parts per

nillion" Tests on ihe gronnd ¡rater undez' the fields flanki-rig this heavily

npnurecl patcìr sl:o¡¡eci that nitrate r-¡as eiÌ;her a.bseni or preseni; only in non

toxic quantities,

Grorund r+ater u¡rder a pasture J-ocated south of 'blie far"¡stead on the

i'i"I,i. 1/,1+ 3L-I3*].2, as shor^m on f*igure VIT l¡as founcl to be positive" This par-

-i;icu.lar portion of the pasture in addition to beirg heavily strei'¡n t^¡i-th manure
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es a result of litter dropped from the r,unure wegon and stone-boat, con-

tajned a manure pile¡ o'ld. feed-stack bottons, and served also as a corual

for about 35 head- of cattle. A flock of some 250 Lurkeys also roamed this

area d-uring the season' (The area under discussion is situateci i¡¡¡rediately

east of the dugout anC south of the farmstead.

During early October, 1953, the third ancÌ final detaÍled study of

ihe ground v¡ater under the sa¡ne two farrrrs was conducied" Tn the jmniediate

vicinity of the farmsteads ¿nd gardens of both farms the patÌ;ern for:nd in

the tlEo ,orevious investigations si;j-Ll persisted" The field on i,he I'I.8. 1/l

26-U-11 ¡,¡hich haC been heairily manured during the previous r¡j-n'ber, had

supporled a heauy siancl of corn during the su¡mner* Ground. water r:nder this

fiel-ci no'hl TrTas free of nitrate, ûr the other hand the pasiure on N"lii" 1/+

3L-13*tz as shorom i., liigrrru IX r+as stiLl harborj-ng an abundance of organic

matter at its surface and the grouad r¡ater nas still laden l,¡ith nitrateu

Du-ring prelirrdnary investigations ii; had been found that many well s

situated in litì;le tor'¡rrs and villages that l.¡ez'e located in the Lol.¡er

Assir::iboine Ðelta Area, or on gravel ridges of the Eastern Lor¡la¡ds supplied

i^¡ater that containecl toxic concentrations of nitra'ue nitrogen, Tests of

different horizons of 'bhe ssi'l profiles and. of the ground water shor.¡ed that

the greatest concentration of nitrate nitrogen T¡tere invari-ably encountered

near privies or in gardens" However, r,¡hen one bears in rnj-nci thai each and

everlr 1o'i; in these litile tor,¡ns or villages has garbage receptacles in adcli-

ì;ion to one or both of the above mentioned iterns behind the house and .i;hat

the l¡elI is usually in the vicinity of 'r,hese supplies of organic refuse it is
not surprising to find the well r¡ater to be l-aden uj-th nitrate. firrbherrnore,

¡iost of these local sites have been habita.ted- for i"¡e1l over a halj,_çp.¿þgp-
-.n*. 

'- 
Ï**

and consequently the profile and subsoi] are r¡ell suppliec pt'tn'organi-c *"gtbþ
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rABTg NO. VTT

DEPTI{ TO GROU]'ID I¡#ITEIì, AJ\JÐ IITTRATtr }.,]T'1",ÛGEI'ù CONTEI.JT

OF GROUI'D i,.IATI]R }-OUhTD IJ\T BORN HOT,BS i\ruT'iBEiìÐ IU'JD RI]COENÁ]D ÏIT FTGUIìE VTTT

i{"8. 26*I--11 Á.Lmasippi Soi} .Association October - fg53

: Barnr..¡el1 : 100++

R,emarks

feet nortir-easi of
: Behind haystacks i
: Chiclren pen :
: Norì;h-east and cl-ose to shelter belt &fannstead
: Iilorth, north-east oi' barn about 200 ft c aÌray :
: A]-faJ-fa field north-east of farmstead z

; Close to chicken house :
: Grain s-uubble :
: Àlfalfa field z

: 10 feet south of house well i
z 75 feet north of barn :
; Cornfield heavily manured nrevious r,.n'-nter z

: Close to house i
: Pasture nor-bh, north-east of barn :
; About 15 feet east o.f priv-y ?

: Gardeir ".

: About 30 feei norih-¡uest of barn :
; Corra-L north-',,rest of barn ".

î ¿¡õuT Eolãel ñortñ-ãaãt*oÏ iìousã 3

: 15 feet east oÍ barn i
.{lfalfa i
Oat si;ubble z

O:ai; stubble and grass 3-t,Íheat s-r,ubble ia
Oat stubbl-e ¿urd grass í
CornfÍeld 2

Cornfield z

Oat stubble z

A1f,alfa field 3

Pasture north-east of farrns-i,ead quite removed:
Blue grass ld-xtuy'e west of hou-se (fror'r lailer ¡

I,ilreat si;ubble
Oat fiel-ci stui:ble
Oat fielcÌ stubble-/15 feet south-r+est of barn
Pasi;ure north-east of farmstead
Pasture
Pasture
Catfiefd sttibbl-e
Oatfield siubble
Tn creek l.¡est of barn
Pasture
Pasture
Pasture
Pasiure

Bore
hole
No.

Deptìr to ;
ground i

rnraier iJl :
feet i

ôn5
7"c
7,5
7"0o/()o)

6"5
7no
8,5
O.U

6"0
5,o
7.5
6"o
o"u
LftUo)

Esti niated Ni- i
tra-i:e hTitrogen :
content in pprn z

of gro'.md r¡ater :
drai.¡n frorn bore ;
hol-e :

22
23
2\
29
1?
l'2
1l+
h:-
)+l+
1^)v

a)
15
25
b3

)+

3t

9
10
11
T2
16
t7
r-B
lo
ltt

./.LW
t\a
LI

28
32aa))
el.)4
36
an)t
3B
?Õ

Lo

7
7
B

5"5
6,5

n
I

7
5

6"'
(o)

(JoU

O sLl

/eU
UoU

6"0
7"0
Lr'
Qø)

tlt ø-)

7"0
Qe)

J ø)

6,5
7"0,l(
I o)

7'o
o"5

rll1
nil
ni1
nil
nil
nii
nil
nil
nil
ní1
ni1
ni1
ni-1
nil
ni1
ni'l
ni1

100++
100++
100++
100++
100++
100
100

75
75

40*50
30-h0

)<
el,
25

10-20
t5
r)

1
a

5
o

7
o()

rui1
nil
ni1
nil
iril-
nil
lÏi1
nil
ni1 About l-5Q feet gast of chicken irouse on heavy:

srassed fenced 1j-ne t+
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L.A.BLE N0" VITI

DEPTH TO G]ìOUND TfATER AiiD NITRATE NTTROGEN COI,ITE}IT

0F GROUI']Ð I,rtlrTER FOUI'ID fN BOlLE HOLES ltUi'tsERED A]'ID FECORDED IXI FIcURn X(

N,tù ]JJ-I3-LZ Alaasippi Soil Âssociation October, l)JJ

;
: Depth to

Bore- : ground
hole : r.¡ater j¡t
Ido" : feet

: Estirnated ],Ii-
; trate Nitrogen
: content in ppm
: of ground i'¡ater
: d-rar,m from bore
: hole

Remarks
'1

ì: 4 z .7
2516,5
z9:6"0
:LJ- z6"5
z12:7"0
:2826"5
: 6 ; 7.0
2lJtþ"5
:17t6,5
: 30 ". 7.,r,)
; 18 | 7"O
229t6"5
?27t6,5
233;ó"8
z3z6"8
ô 'ro ¡ A (. L7 a vø)
':- - P- -7"0- - -
: Barn'lnJell

I
100++ -
100+ ¿

100
100

I>
75

5o4o
5o
5o
5o

l+o*50
l+o4o
30-L0
30-1+0

¿,
t5-25

$

i
, fOO feet north-east of barn i
3 100 yards north-east of barn .
: Old stack bottom site souÌ;h of house 3

3 llanured pasture i
¡ Barnyard l+ feet r.¡-est of pig pen :
: Garden (bare surface) :
: Nor'.,h-east oÍ farmstead near road allcx+ance:
: Pasture east of f¿rmstead :
: i\fatured pasiure south of farnntead :
: Garden
: Iiianured pasture
; East edge of garden
: Garden i
: Garden z

: 15 feet south of barn z

: 200 yeards north-easì; of dugout 2

,i $a1dgn_
23
; Close to barn and hog house ..

¡ Corich grass south of house I
; Pasture i
: lOO feet norbh of barn 2

lra.ce

1
2A

?5

7.C
7.c
7,0

trace 3

trace
trace

Ni1
j,ü:-
IJil
Ni_i
Ni1
liil
Nil
ì,[i1

Nil
Ni1
Ni1
Ni1
Nil
TI.il
Ni1

Or5
o"u
6"O
Oe)
oub
6.0
7"0

AIva)

7.0
8"5
Af
o"u
6.0
6"5

: 5 feet sou-bh of old privy site z

3 ÌtJorth-east of farrnsteaci across road z

: Couch grass north of dugout 3

: Couch grass south of house z

: Pasture some distance eas'b oi' farms'i;ead 3

: Pasture east of far:nstead .
: Pasture east of farmstead :
: Fasture south-east of farms'bead. quite 3

: removed from latter
: Pasr;ure east of dugout
: 30 feet north-east of house
: At foot of shelter belt eastern extremity :
r Road all-or^¡ance dense brcme rprth of farmsteaè
I Iload alLona¡ce 3

: Road allowance r^¡est of farmstead ?

i $gughgd_cgu9h_erass_south_of ¡og"= _ _ _ :
i llorth of house a::d j-n neavily grassed area i
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in varying stages of decay" These tr.¡o factors; narrel¡', -r,he length of time

of habita'ûion andthe large amoun-bs of organic ¡.¡as'bes decayirrg uith their

end produci;s being rtashed ì;hrough i;he soil ancl in't,o the ground i^;ater; accoullt

for high concentrations of ni-trate in the r'rater supply of these habi'bation

o-i {-ocU: UUU E

(t+) Determinatíons Of Nitrate ï:r Surface ï¡Iaters

It has previously been stated that sarçles of surface r.¡ater along

r'rÍth i,¡ell r,¡aier samples vrere tesùed for nitrate during the initial traverses

made throughout the ltleepawa and adjacent areaso Tn l-951-, surface 'r"¡ater from

roadside ditches, creelcs, rivers, sloughs, natural ponds and dugouts Ì1ras

testecl for the presence or absence of nii;ra'be ni-brogen. 0f a.l-l i;he bodÍes

of surface r^iater mentionedr on-1y en occasional clugout r.¡as fourrd to contai:e

nitrate and r.¡here the tesi Lras posi-tive: the quantity of nitrate r.ras only i:r
'brace or non-toxic concentration. Natural ponds and dugouts even j-n the most

unsani-tary siies r,¡ere found i;o be free of ni'¿rate. Such ¿ câsê is l.¡eIl il-

l-ustrated '¡herer on one particular far:n there is a natural pond in the centre

of the fannsiead" I{ere run-cff carz'ies pollution into this depression from

every eorner of the manure besprinkled yard. Tn many other insiances cai;tIe

and floclcs of ducl<s and geese had access to both natural ponds and dugouts -

excreta from these anjmals could be seen at the i,¡aters edge, y-et, the tests

for nitra'be r¡ere negaiive"

From data supplied by the Ðepartrnent of Heal-th, -bhe colqoarable records

of nitrate in dugout waiers and tlre ni'i;rai;e in well-r+aiers on the sarne fanns

l¡ere tabulated and are oresented here in tabul-ar forrrr as Tabl-e No* ü.

The negai,ive or v€rlr lqr.¡ levels of nitrate in dugout l¡aiers shor*rn on

this i;able (Table No, Il) are in striking contrast to the nitrabe l-evels i¡l

the adjacent l-ocated ¡¿eLL r-laiersu ltalso may be oí sorie inte::est'bo note that
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in three of the comparisoi:s shor'¡n on this tabie, the rvaters fron stable

well-s shoLr higher concentrations of n-itra-be'uhan i¡aters from Ìrouse r,rells,

For a tjme during this particular phase of Ì,he investigatj-on it r^¡as

thouglrt that an exception i;o the rrrl-e hacl been encountered. At Langruth

ihere is a large dugout i'¡irich serves as the viJlage r'¡ater suppfy. Âs can be

seen on trigure X, the village itself j-s situated on a gravel ridge l+hile the

dugout is at the foot of -bhis ri-dge. From all appear¿nces, tÌre best of

sanitary conditions have been put into praciice here" A high fence was buj-l-'b

around the dugout to l<eep a¡inals from wandering inì;o the r.¡ater supply a:rd

iuhich also (for a time oniy) kep.b the in-restigaiors out. fnitial-ly water for

the n-itrate test r¡as obtained from a tap proi;ruding from the punphouse 
"¡hich

enc-Loses a pressure system" This l'¡ater ob'Lai-ned, coni;ained nitra'i;e in toxic

concentraiions. Tt t¡as assumed frorn tests of the r+a-,,er from this lrrell that

dugou-t i.¡a-ber l.¡as eonta¡n-inateil r.¡ith rrj-trate. .A¡other dugout situa-Ued ai; the

foo'b of ihe sa¡re ri-dge bu¿r, solne five miles south of -bhe village, had l^¡ater

that r¡as nitrate free ancl it tras therefore decided to go back and take a sample

d.irectly from the d-ugout itself, The test shorn¡ed that this dugout rorater also

lvas free of niirate ni trogen ancl therefore 'i;he i',ater that had previously been

tested i,ias not all punped directly from the dugout, but was conianninated by

ground wa'ber seepage from belor+ the village,

$) Ðetermi¡ation of Niiraùe Leached Ibom Soils

In the initial stages of the investi.gation, randorn tests on the soil

profile throughout dj-fferent fields had shor^nr that the quantit:ies of nitrate

nitrogen elaborated. j-n fields under crop T"rere too Iow 1,o apareciably affect

the nitrate siatus of the ground lvater, At any raie it soon became errident

solne source otir.er i;han, or in addition io the soil ¡vas responsi-ble íor the

excessively high concentrations of nitrate encountered. in certain -Local ¡yelIs"
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irihether it i¡as only at the tjme of exanj-nation that smaIl quantities of ni-

trate ',"rere elaborated uncier field condi'r,ions l.ras not lrnor¡rn" Some means of

ascertaining the quantitÍes anc pattern of nitrate elaboration and- the sub-

sequent doi.rl+ard movenent to ground r^¡ater had to 'b'e fou¡d, Such a project

to be of any value¡ T¡IorJioi have i;o be in operation fron-bhe onset of soil

nricrobial- activity in the spri:rg to the 'birne such biological acti on r"ras in-

hibiied by lor^r temperatures ì-n the f'a11*

-An experiment therefore, r+as planned under field conditj-ons so that

leacha-r,e from Uhe surface soil horiz,on oy zone of nitrate elaboration could

be col-J-ected fol-lovrÍng rains thai would supply moisiure in excess of field

capaci'r,y" Ânalyses subsequently were macte to detend-ne bhe nitrate content

of this leachate and ì;hus ascertain the amou-nt of nitrate added to the ground

t¡ate r frorn the soil uncler the various conctitions. The most coutrßon field crops

and c'uJ-i;uraÌ prac-r,ices in the affected area are al-falÍa and sireet clover,

grasses, cereal-s and fallor^r, hence a set of catchment pans r¡ere i¡.stafled in

a representai;ive field under each such treatment, For purposes of conloarison,

a fifth instal-lation i"as made ai a Ìi.igh organ:lc matter refuse si'be on the

Agassiz gravel ridge at Arden"

Piis a ¡r¿¡{ sqìlare and 30 inches deep r.rere du-g in each of the five

locations" lnlood cribbing r¿as installed to prevent cave-in" Slits r.rere opened

through this cribbing and flat netal troughs 30 inches long and 12 inches wicl.e

were inser',,ed- horizontally und-er the clark coloreC surface horizonu Each

'brough r'ras on a slope of tiiree inches ancÌ pro-brudeC six inclles inside the pit,

hence, leavi-:eg tuo square feet oÍ metal surface for arresting iire percolating

soil solution on its dol"mwari raovement" ¡i. smal-l pi-pe r"relcled to'bhe trough

serr¡ed as art outlet, a¡d an attached piece of a rubber iubi-ng connected the

letter to a llinchester flask bel-ol¡. A triplicate installrnent of these leach-

ate rrCatch¡rent Unitsrl l.ras ¡iade at each pitu
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iilo leachate r^¡as obi;a-ined from-i,he fielC units in the suruler and fall

oi 1953" At that 'oime tir:is '.+as aLtri.buted to 'bhe failur.e of the seasonal

::aìii.s to provicle soil rnoisl,ure in excess of field capacityo ùr the gravel

ridge wlære entirely- differen'r, cond'itj-ons prevailed., some leacl:ate iqas col-

Iec'ued, The Ìrigh porosity and relabir¡efy- 1or,¡ noisture re-üen-r,ion capacii;y. of

that surface hori-zon corrrbined to ¡rake ideal condiiions for percola'bion of i;he

soil sol-ubion"

Tn -bhe spring of Ig5\ heau¡' rains fell over the area and again no re-

sults were obtained under fielcl conditions" Close observations fo1lor,ri-ng one

such cÌoinmpour shoi^red that only a fraction of the i,,rater that fe1l penetrated

into the soil" Itrrthernore, tire amount of r'¡ater in excessof field capacity

tha'b e.id enter -r,he soil ?¡as prevenì,ed from ftol.ring to the outlet by adhesion

Íorces at the contact poinb of metal and sando To overco¡ire iius adverse

condition, a gravel- lense about one inch thick i+as placed. on the pans thus

breaki:rg the direct contact beti.¡een sand. and. nietalo To prevent surface run-

off, a. tin enclosu-re of eqr-ral area to that of the pan r+as placecl ciirectly above

-i;he l-atter at the soil surface" TLús-bin enclosure penetrated two-ìncires be:

1o¡r the surface and protruded four inches above" tiater falJ-ing r,¡iì;hin this

area coulo lroi; ru¡ ìnto the nearby ¡ai-cro depressions or drop over the end and

j-n'i;o the pi-L and hence, ii had to penetrate into the soilu

Subsequen'b to tjrese a1ie.¡:at-ions¡ ra-r':rs suppl-yi-ng moisture in excess of

field capaciiy' procìuced rest¡l--us" A close clieck-up t.¡as m¡.íntained. on ilie

a¡lount of preci-pitatj_on fa11ing over the area, anct r¡ircnsver it was thought there

haci been suffic-Tent ra.infal3- to supply rioisiure in excess of the reteirtion ca.pa-

city, (cle¡-rencling on the -rnoisture conditíons jì'the soil befor.e the rain) a trip
r'¡as made to the experÍmenial sites, frih.enever leachate r,¡as present in l,he con-

tai-ners, -r,he volume r,ras rrleasured and. recorcledn Aliquots r¿ere then bz.ought into
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the laboratory anC r,¡ere either analysed imredj-ately upon arrival o:: else

placed in a refrigerator and the deterirúnation made the following day,

Jaclcsont s meihod ( 2Il) r^¡as used for malring tlús quantitatj.ve nitrate deter-

rninai;ion" Table lüo. X records the lnontìrly mean volumes of J-eacha'ue obtai:red

per two square feet of surface from the different sites together i"rith the

concentra'bion of nitrate nitrogen in the respeci;ive leachates. The amount

of nitrate nitrogen rernoved fron ihe surface soil at the respectíve si;udy

sites, during the months of June to Octol¡er, 195h, was calculaied as pounds

per acre and recorded in Table Ì{o. TIu

B, LABORATORY DEIEIìI'IINATTOÌ{S OF SOTLS TJSED ÏN IICÀTCHi'M\ITI' STUDTES

Vrlhen the leachate rrcatchrent un:itsrt l.¡ere i¡stalled, sam¡lles from the

entire rrArt or surface horizon were taken frorn each site and brought into the

l.abora'boryn Here, analyses to determine toi;aI nitrogen, organic matter con-

tent, texture and moisture retention capacit¡r ¡¡s¡. carried out because the

arnor:nt, of nitrate elaborated and subsequentl¡r 1.¡¿s¡ud through the soil- profile

and into ground r.¡a-ber is affected by these various components"

A composiie surface horizon sanrple was 'balcen at each rrcatchment unitrr

hence tlrree salples r.¡ere obtained from each experjmental siteo These sarçles

were ai-r oliied, passed through a t¡vo nrillirneter sieve and thoroughly nrixed.

The follor'ring methods were used for naking the respective determinations"

Nitrogen - Total nitrogen r,¡as deter;nined by the l{jeldahl - Gwrrring -

Arnold, method as outlined in rri'iethods of Anal¡r5s5rr - A.O.A,C. fifth editi-on

19h0"

Organic t"iattgr - Organic carbon x 1.721i" The organic carbon was de-

ter¡rined by uret combustion, The nrethod used. was a modification of the methods

given by Adams (h) and -ulaynick ()+Z) tgSl+,
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lloij;ture _1e1:e-l-bion _Capacit_4 - The noisture retention capaci'by of the

soils lrere arbitraril¡r determ-ned by factors based oir -r,he nloisiure equivalent

val-ues, The method used for rr:oi-s',,ura equivalent dei;ernúnai;ions l.¡as tÌrat of

Briggs and üclane (te),

t"*SÞql*gglÆ"1y"3å - Thc percentages of sancl sil-i anci clay j-n 'r,he

respectir¡e soj-l- sa:nples i.¡ere cietennined by ì;he metirod outlined by Kilmer and

AJ-exander (27) l¡rth rn-inor variaij-ons* The resulis of the l'arious analyses

are llresented in Tab1es irlo" XII and TIÍI.

C* BIOLOGÏCAL STUDT]IS

Tn the early faI1 of 1953, a re"oresentative sarn¡:fe of water (conq:osite

of different depths) i,ras taken from a dugout acijacent 'bo i;he cemetery soutlt

of Langru-th, a.rrd brouglrt Ínto the laboraì;ory in orcl.er to make a ruicroscoltic

study, and thus iden-bify the different i'orms of rife contaÍned"

i¡Iater from the cirrgout was brougiri; in on tr¡o separate occasions (Sept.

26 and, Oc'bober 1ó) and until iclentificatj-on had. been carried out, these

sanloles r,rere leept in separate contaj-ners. Prior to, and incl-uding the time of

the first samr:ling, the terçera-bure had remaj-ned 10 - 12 degrees above frost

(even Curing the night) and consequently many forrns of rife that one ¡ouId en-

counter during the summer ¡roni:hs (except the most hígh1y sensitive to loi+er

temperatures) LrouJ-d be fowrd" F\rrthermore, the green masses of floating

organisms seen on the surface of ihe r.¡ater in these dugouts during the suruner

noni:hs ¡¡ere still presen'r,, adding furbher erridence thab no great changes in

the fornis of l-ife had yet occurred. Bet',^reen the time oí ihe fi-rs-i; and second

samplirrg dates, iernperatu.res haci dropped consì.derabl¡' ¿tr6 frost had- been re-

ported on severai occasions" ihe green tlfJ-oating massestr r¡ere no longer

present, but had been replaced by sl+arïrs of Cl-adocera (fresh r.¡ater fleas) r.rhich

could be seen swinrning about in the upper 12 - 15 inches of the nater"
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The fol lol.ring forms of rife r¡ere identified in the r,¡ater sanple taken

on September 26tho Ig53*

PLAIùT LTFE

Blue-Green .{lgae

Ánabaqna flos-awCg

Iriosi;oc conrrune

SnoeboÍd Protozoa

Amoeba radi-osa

AqtínophJys so]

Ci-liate Protozoa

Paramoeci-um caudatum

Colpictium striat}m

Floubonia l--eucas-

-Qrychodromug,grandÍs

I{alophrya sp.

Cojrdylosto+q patens

F].?ggllate lrotozoa

Ceratium hÍrrrdi¡eIla

Green Á-l-sae

Scenedesmus guadricanda

Seleqastrum gracil-e

Ror;ifera

DiElena
-----Salpina spinigera

Crustacea

Daphnia pule{ (very- fer,,')

Cy_clops sp.[]ô

Coelos]:haeriurn kutyingianum Kirchneriella gþes=

i-lcrocystÍs

Phor¡ridium subfuscum

Botryoccoccus brau¡rii

Pediastru¡r þryan-¿m

Pleurococcus- vulgaris

Scirizochl_amys gelatinosa

AIüÏ1'1AI LTFE



The foll-o1rj-ng fonns of life r,¡ere identifieci in the r¡ater sairple taken

on Octobeî 16the L953"

Amoeboid Protozoa Roti fera

Aclinophrys sgl

Ciliate Proíozoa

Fara:noecium caudatum

Froirtonia leucas

Ijolophrya sp.

Onychodromus grandis

Stytonychia notophora

Dime]-la sulcata

Rotj-fer spp.

iüoihol-ca lgngispj-l:a

Ëeþ!"" spp"

Crustacea

Dapl:nia pulex (n"ry nunerous)

Ïfinter" eggs of that species
r'¡ere al-so present"

An experiræni l,ras set up in an attenq:t to fincl out how much nitrate

ni-urogen r+as taken up by the biological life jn dugout ria-ber and also the

quantities of this conlround' liberated' upon the deca¡- of the bodies of those

organisms n

Ili¡3ate .free dugout r.¡ater r.rith ail iÌ,s forns of life was subjected

to five different treatments under laboratory conditi-ons, each treatment be-

ing carried out in triplicatre.

(i) Ðugout water i"¡as filtered, boiJ-ed for three núnutes and re-

aerated by bubbling air through it" Three separa'r,e volu¡nes oÎ 72O cecq Î{ere

rneasu-red out and put in differen'b containers, and to each of these volunes

r,¡ere added BC coco of 750 parts per rrrilì-ion ni-trate ni-trogen solution thus

making tÌrree BOC c.c, volu-mes coni;ain-i-ng 75 parts per million of nitraie ni-

trogen"

(ll) Three BuO c.c. volu¡aes of dugout waier, not altered in any ?Iay,

i+ere put in three separate containersu
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(iii) Three BOO c.c" volu¡res of dugou'c r+ater, also not altered, bu-t

in thj-s case i;he containers tr'¡€r€ pl aced in cornplete cla::kness 
"

(iv) Three 72O coce separate vohunes of dugout rva,uer ivere ¡leasured.

ancl to each one of t¡lese, BO c.cu af 75O pa-rts per núI-]ion ni,cr¿te rritrogen

solution were addeci, thus rnaking three BOO c"c" voluríres wiih a concentration

of 75 parts per nri-ilion of nitrate n-Ltrogen"

(") Three -rrolu¡nes of BOO c"c, each -r^rere given icl-entical treatment,

but in this case Ì;he sa:rples rr¡ere pl-aced in cornprete darkness,

The containers u"seit j¡r this experj¡teni; r.ære rectangular plryex dishes

B 3A i:rches long, fir¡e inches r,r-ide and 2 1,/L i¡cties deep, hence 'bhe BOO c"c,

volurne brought the l-evel- of the liquici 'Lo approxÍ:nately I/L, incn from the

upper edge. A glass covering r','as ¡iaced over each container-bo prevent foreign

rnateríal from fall-i:tg in, and- also io keep evaporaiion l-osses d.oi.¡n to a ¡rini-
The entire experìment was carrj-ed out in a greenhouse, wi-th acìequ-ate

lighting facifities" The danger of too much variat:l-on in ternperature r,ras

elininated because a rigid control lras exerÌci sed over tlds factor ai al-l tir¡les

r'¡ith the therntomei;er hovering ai; aboui; f2 degrees, F" from i;l:e i;irrre the pro-

ject raas set up to the date of the lasi; saupling, t¡flrere cor.rplete d.arl<ness luas

requii:ecì ii i,¡as obtai¡ed by placing a cover designecÌ for this specific purpose

over the container thus e:ccluding ligh-r, and at the sarne ijme allomj-ng a normal

air supply io cj-rcula'ue r,¡j_tÌún the encl_osure o

The fifteen containers l^rere put :'-n plaee j¡ the greenhouse on October

27th a¡d on the same day a 25 c"c" aliqu-ot r.ras removed. frorn each cÌish for ni-
trate deierrnination by the þhenoldj-sulÌ"honic acid method. and the concentration

of iri-traie nitrogen ascertained" F\rürer al-i quots for nitrate deterrrrination

t^rere subsequently removed on the following d.ates, i.e, Iioveraber Jrd, ;.Zt:4, IBth,
Decernber Lth, 28t,h and January 21st" To maintaÍn ilre l-evel of the liquicl Ín



-29-

the coniaj¡rers at appro,'cimatel-y 800 c,c"!s after each sarnpli¡rg: a volune of

sol-ution equal to i;hab renoved and al-so of equal nitrai;e conceniration i.¡as

added io each contai-ner as required" It r,¡as al-so necessary on ir+o occasions

to add nitrate free l.¡ater to replenish losses in volume caused by evaporation,

Frorn tine to -r,i¡ne a survey of the biollgical- life in each ireatment

t+as carz'ied out and. on such occasi-ons -'ohe various forms of life present r^rere

identified. and are here presented- as Tab]e No. IIV*
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T.{BT,E IfC: ,'iTV

ORG,Aj{fStó IÐEi\iTfF}ïD I'i- DUGgUT Ì,,IATER" tüTTg AITD t.¡fTHüJT

4DI-ED i"l-JTRitrE Ai\D IGIPT ri[ THE LTGHT x]ID rN T]tE D¡-RK uNÐrlR GREENHOU,SE coj\IDrrroNs

Treatment Date For¡rs of Life Tdentified Relative Population e

Dugouù r¡a'Ler
ruith nitral,e
kept in i;he
light

i{ov" 3 :Green .A]gae
t 
-@ttqg 

guaclrical:data
: i3otryococclls braunj-i
:--
z?rot'ozoa
:-Eõñtonia leucas. Coloidium

-

3 strl_atutiro paraxtoeci_u-fn." õffi;; Gtõñãroñs
: grandis, Hol-o;ohrTra sp ": Co¡:td}'1os'bota Pa!e+Þ_

:Roti"fer
,--E¿Spq Et4"qta: Rot.i4_e{ sln.
: Sffi spinigera

::Crustacea

Very numerous
Very numerous

: J-8êw

: J-Bêr¡

: Sparse

Dugout ¡vater
t¡i-th ni-brate
kept ìn the
dark

lùov" 3 :Green AJ-gae
Botryòco-csus.
Sceneciesmus

: Protozoa
; Parainoecium

brarinii
FãÈ audata

caudatum

;
: )quite sparse and
: )broi.mish in color

i
: Very fei^i

: Rotj-fer
tlþl1ra spinigera

: Crustacea_.--:_-_.: Daplrniq zulex

Very few

Quite " 
feru

Dugout r¡aier z

without nitraì;e:
kept in the z

light :

Nov' 3 :-Green Algae

: Crustacea
Daphn:ia&

quad{_íga--r.dat?
3

Very -few, li-ving massess
of dead algae floating :
about.
Rather sparse
Quite numerous

pu]-e{
r,,:-inter eggsDai:hnia

( cont I d)
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Treaiment Date Forrns oÍ Lífe Tdeniified Relative Population

viãter from
oui; r.¡ii;hcut
nitrate and
kept in the
dark

dug-; Nov" 3 :Green Algae
: Hotryococcus

: Rotifer
: )arÐLna

---J---z

: Crustacea

braunii

spi]Iigerq

pul-q5-
wini;er eggs

Very fei'i

(ûrly one seen)

Sparse
Numerous

!s@
Daphnia

I Dugout rr¡ater
: t¿ith nitrate
: kept in the
: light

2

: Crustacea
s-ffiia

Scenedesmus
*..i-õoÏry6g69gltu

gu?È:icauda!a
braun:ii

pi4eI

Very very auneroì.rs
Numerous

Ratirer nuïErous
ScarceDaphnia winter eggs

: Dugout water
c '.^l-iih ni-trate
: kept i-n the
e dark
2

Scenedesmus
EõffiS Numerous, brown

Quite a fer.r

Quite numerous
Rather numerous

in colon

L!}gX
r.rin-ber eggs

: C:rrsi;acea

Dugout
r"riihout
kept in
light

i
water : iilov. 12
nítra-be:
t,he

Scenedesmus
=€;E__uorryococclrs

Sparse (light i¡elloi+
Sparse color)

iìa-ther scarce
Quite nunerous

!rcSn -L1gg.e_

Da-pltnþ
Pçtrqlg

p+1ex
i^rinter eggs

uadri.caudata
brai:nii

Dugout l^¡ater :
r¡ithout nitrateE
kept irt 'bhe .
dark ".

Nov" 12 ,O"""r, -À1gae

; Cru-stacea
:*ffi-a

Daphuia

Scenedesnus
Eõ@ãccue

quadricaudata
braunii

Fe¡'¡ bror'm i.r: color
Fel¡ bror.rn Ín col-or

Fer+
Numerous

nulex
i.rinter eggs

(contt d)
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Trea-r,meni Ðate Forriis of Life fdentified P'ela.tive FopuJ-ati on

Dugout r+ater
r';rth l\'itrate
kept in tl:e
light

Jan" 21 :G{-ge4_ Afg_qe
SceneCesmus
Botr¡¡ococcus

Ðaphnla
Danhni a

nr:-1ex¿--
i+ini;er eggs

Very numercus
Ver;- ¡lrnutorrt

Ferv
t":uiie numerous

uadri caudata

Dugout r¡ater
i¡íth nitrate
ke1:t in the
I ^-l-q¿J JL

Jan" 21 ,Ct""r, llgae
:*:ffisrnus

: Cmstacea
: Danhnia

gua_d_ric-au_datg. Very fer.i (l4asses of

winter eggs

dead algae :
floating abor-ú)

:
Qu:te nunerous z

Dugout lrater ;
r¡ithout nitraÌ;e;
kept Íri the i
light i

Jan. 21 : Crustacea
: Daohnia i.rinier& eggs ItJumerous

Du-gou.t ,,"¡ater ;
t':-ithout nitrate;
kept in the 2

dark -.

Jan" 2L:Crustacea
DaplmiA. nin-ber eggs itJullerous

On January 21st, the l-ast deterrtination for nitrate nitrogen

i"ras carried out anct the results of tests made from the begir:ning to

the experiment are presented here in tabular form as Tabl-e No, XV,

concentra-t,ion

'bhe end of
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TilBtB N0. XV

PERTOÐIC NÏTRATE TI-ITROG}IN DETER.MI}IÁTTOÌ{S O]'J DUGOUT I^íATER IGPT IJ}IDER

GRIEI'IHOUSE C01'iDTTI0Ì'[S AÌ\rÐ SUBJECTffi T0 FI-'ru DIFFIJRj]'IT TREATI'EI'I-TS

: Ki-nd of Treat¡rent :_ _ Date _ 
: Concgntration in ppm :

Dugout i.¡ater boiled a¡d. filter-: October
ed having been nade to a solu- : I'Ioveniber
tion containing 75 ppn nj-trate : ldovernber
nitrogen : irTovember

: December
¡ December
: January

)'ÌGt

2
L2
rQ
-LU

l+

28
2I

.71 av
I ).)1í

69.3
70 "6
6g "3
72"6
7L"6

Dugout øater u.ith bÍological
life r.n-thout nitrate ni'brogen
and exposed to light

Dugout water ¡r:l-th biologÍ cal
life rçithout nitrate nitrogen
and in complete darkness

October
ltjovember
jitovelirber
November
December
Decernber
Jan

October
November
November
I'Jove¡iber
December
Decenrber
January

0"00
o.26
0"10
0" 20
o "37o"'ll
0.12

0 "000"26
1.76
2.10
3"10
3"26

¿( i
2z

l2z
1ö:

I42
28z
t'1

272

t2:
18¡
h;

¿02
9-l

Dugout r¡ater ivith biological
life 'bhe solu.tion containÍng
75 ppm nitrate nitrogen and
exposed to the lieht

: Dugout i^iater -r¡ith biological
; life, 'bire sol-ution containing
: 75 ppm of ni'brate nitrogen in
: cor¡plete darkness

:

0ctober
jtioveinber

Novelrricer
November
December
Decenrber
J

: Oc',,ober
: i{ovember
: i\love¡iber
: I.Iovember
: December
: lecember

27
a

T2
l-Õ

l+

28
2T

.t
¿

T2
l-B

l+

¿t)

70,0
90,6
66"o
ôb "J
71,0
72 "O
71.1

6g,3
89.6
68"6
óB,0
ooou
71,0
n1 I
I Lø)i ., January 2l z

Figures are the mean of J replicates*"



Ð" SEÂSO].J.AI V/LTATÏON OF }.IITRJTTtr TN ÐUGOUT A}IT T'üDLL 
'W]I,TERS

Án invesiígation l¡as conducted to deterraine the nitra'be sta'r,us in dug-

oui; and well- waters" This sub-project was carried out in cooperal,ion with bhe

Department of llealth and Ïl:blic ldelfare and of the Neepawa Health Unit" lrtreLls

and dugouts representing airerage conditions both about farr'yards ancl fielcls,

and in small- to¡'rns were sel-ected throughout the affected area by members of

the I'ianitoba Soil SÏrvey Staff and plane table rûaps Ìüere made of the environs

of each of these ¡¡ells and dugou-bs. These maps are shown herein as Figures

Xï,NIï, XIïI, ïfV, trV and Ft/i"

B¡r preuious arrangerent, it ro¡as agreed that a staff melnber of the

Neepalua Irea1t,h Unit wouJ-d assume the responsi-bi-lity of coll-ecting r¡ater samples

from the chosen wel-ls and dugouts at tr¡o inreek interval-s, æd r¡ould forward

these to the Department of Heafi;h and lub-Lic -i'trelfare i.rhe¡e the rritrate determ-

inations would be made"

The first sanples of t^¡ater frorn the respective dugouts and r,¡elLs i^¡ere

taken in Novernber, 1952, Sarçling was continued throughout the year, until-

tenninatÍoi: of the sub-project in i'iovernbey, !953"

For various reasolls, samples frora some sites r¿ere not taken at the

reguJ-ar two r¡eek intervals. As a result, con4llete data are available for only

10 of the 17 wells, and five of the seven dugouts" Some valuable ínforrnation

can be obtained from the remaining sites nhere sampling was not regu]-arly

carried on, ho'idever, the irregular sanplings cannot be used to show seasonal

trends aird variations in n'itrate content. Th-is ís unfortunate because some

of the t"¡eIl waters r,¡h-1ch were not sainpled regularly shor+ the greaiest extremes

in nitrate nitrogen concentration"

Ïn compiling the data for presentati-on it was necessary therefore to

separate the compleÌ;e and inconplete records into two sets of d.ata" fn Table
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te

1-6, data frorn the five du-gcuts that ?rere regularl;' sal¡pled are presenied.*.

These cover the per{-od i\iovember, 1952 to iùovernber, Ig53" The figures for

each raonbh are the r¿on-i;hly neans of i,he results of two tests conduc'bed each

monih"

The figures in Table XVT shor.¡ ihat throughout the year and aÌ; all

sites the rn¿xi¡rum ni tra-Le aitr"ogen content r¡,râs coÐsi-derabJ-y belorv tlre non-

toxic l-evel of 10 parts per rri.J.lion" The r¡ater in dugou+"s, designated as

three ancl fi-ve, reachecÌ. a concentraiion of six parts per nr-illion ancl at both

of these sÍtes, excep'i;ional-1y favorable conclltions for biological life pre-

vaj-l-ed" At the site designated nuiaber three, the dugou'i; is ¡,rithin a fenced

area whi-ch connects r+ith a ì:arn and corral, r+ith 'i,he resui-t -that' bhe relative-

Iy large herd of cattle spend a considerabl-e anount of 1;ime i:: the i¡¡redi-at;e

vicini'i;y of j;he clugout" I'Iuch oi'ganic i.¡astes from bhe cattl-e finds its ruay

Ín'l,o ihe water and provides an aj:undance of food for aqua',,ic life. I'fuch the

sar¡æ sj-tuation occr.trs at dugout nrrnber five, hor"rever, in additj-on to the

organic r.^¡astes being discharged direcil)r j¡to or near the ¡¡ater by cat'r,Ie,

a water ruru.iay cuts across ihe corner of the dugout a:rd carries j-nto it, the

end prcducts of organic d.ecay from an old buÍlding site nearby" This iuas

verified by tests conducted in the sunmer oî L952"

Tl:e nean concentration of nitral,e nitrogen for the five diÍferent

dugout wa',"ers for each month shor,¡s thaÌ; definite seasonal trends occur. In

Figure No" XVII, these rnean monthly concentrations ere eqpressecl in graphic

form, The Ior.¡est curve shows a rather s'beady I-evel from the months of

I'lovember i;o l¡larch Jriclu-sivel¡ro 1L progressive decli¡le occurs during ihe

¡ronths of þril, lh.¡r ¿tt¿ June. During Juþ and Áugust the curve shor,¡s its

loi^¡est l-evel fol-loi"¡ed by a sligh'r; rise for the inonth of September. This

Ievel was msintained tjJ.l October when there Ì^ras a rather sharp rise to the
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¡+

T.4r'inier levelu

Tl.¡o distinct levels of nitrate n:itrogen i-n dugout ',rater thereíore

occur duriru¿ a year or L2 raonth period-" The peaic conceniration occurs duri-ng

the l'¡rnter months l"hile ihe lowest nitrai;e content is found in su¡rner'" Ni-

frate Ievel gradients torr¡ards'bhese tl¡o e;cbremes are found i:r the spring and

fqll" @timuni condi'r,ions for the gror,rth ¿nd propagaì:ion of qua'bic l-ife oc-

cur during 'bhe surtirer months. Because nitrate anions are assirrilated- very

rapidly by rnany of these forms of life, it is reasonable to expect that ttre

nitrate conì;ent in -t he water l.ril-l- be kept J.olrr in the surmner seasona A

large supply of nitrate i^riJ-I resul-t il a greater aquatic populabion, therefore,

]ittle or no rritrate should be expected to occur i-n ponds and pot hol-es r,rhich

act as caì;ch basj-ns in ba-r'nyards and other unsanitary places, irrith the adveni;

of Ior,¡er 'cer:peratures in the fall, marð¡ species of nitrate assiirilators either

go int;o Ì;he spore stage or clieu As'bhe temperature lowers further, t,he aquati-c

lÍfe gets inore and more sparse, and- before ternperatures are low enough to pre-

veni mtrate elaboration at the source of conta¡rination, i;here is a perÍod of

nitra'be accur'rulatj-on due to less nitrate uptalreo In addition, there is the

decomposÍ--i;ion of -i;he bodies of g.earl organisms ancl- the ccnseql_lellt liber.aiion

of nitrate in the t¡ater" This is probably 'u1:e chief fac'r,or responsible for
niaintai¡ring the nitrate content at a rel atil¡ely hígh 1eveI cturing the cold.

period. Based on 'i;he above assumption, long fa1} periods r+ith above normal

tenpera'bures follolred by a sudd-en break of this ¡iarT¡r iueather could resr:-lt in

a sudden rise of nitrate content in tire i^¡ater of ciugouts.

The ¡nonthly means of nitraie nitrogen obtained for the 10 r+el-1s regular-

1y sarnpled are presented in Table }io, XllJI. Three .features d,Ístinguish i;hese

from the dugout resrrlts.

(1) l'Iuch higher concenùrations of n-lirabe are encountered i¡ the lre]-l water

in most cases*
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(2) There is consj-derabl-e variation in nitra-te con¡ent of r,¡ell uater from

site to site, in contras'r, to relai;ive1y uniform level-s of r¡aì:er from Ì;he

dugouts 
"

(3) The nitrate leve'ì of r,¡eII r¡a-be::s fluciuates consiCerably from nonth

to month, and thj-s is particul-ar1y 1;r'ue r,¡here Ìrigh conceni;rations are en-

countered-"

iv'ater from the i.¡elIs irith Cesigna'bion numbers seven, 1.63 LT and 2)+ con-

tains relaiively low anounts of nitrate rri-trogen throughout ihe year, and of
-r,hese, nunber seven has by fari;he lowes'i; le-rrel. I'b is a farm i.iell, a¡rcl its
position in rel-ai;ion to ihe various farn¡rard establistrrrents i s shor,¡.n on

Figure IrIo" XIV, Th-is well is located r¿est of the buil-dings and in a grassed

houseyar:d" The nitrate in tire ground r.¡ater here follolrs the pattern revealed

by previous invesÌ;igations, and agaj-n repeated. in the results of r+e11 clesig-

nated as number 16" The latter is only about 65 feef fron the barn which is
a eonmon source of coniamination, bu¡ because Ì;his r'rel-l lÍes norih-i,:est of

the barn, 'bhe nitrate l-evel is relativsl y ior"ro lrlbll nunrbers lJ a¡d 2h are both

small tor'nr r¡ells, the la'i;ter is located in the gravel rictge at Arcen,

Toxic concenirations of nitrate are encou.ntered throughout -bhe year in
-bhe uater from r"¡eLls nurnbered fO and 15, Fi-gures 12 and l-h shotr that these

r¡¡ell-s are l-ocated r.riihin ihe farrn;rard conta¡únation orbit, and both are south

of barns ano corrals etc" Holuever, other sources of excessi-ve nitrate such

as priviesr pig pens and gardens are present nearby" A rather striking obser-

vation may be noted. in Figure i,Jo. Xïï" 'i,Iater fror¡r the rue1l (i'Io" 11) in this

fartnJ¡ard contained n-itrate nitrogen below 'che toxic Level tÌrroughoui most of

the year, Ínspite of the fact that it is located close to, and north-eas-b of

the chicken pene hog house and barn" 'Ihe probable reason for ilris is the

presence of the creelc imnediatel]'Lrest of this farrrlyard. The sur-face drainage
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of this particr:-lar -¡rearð, i s tol.¡ards tiris creek, l:'iost of the organ-ic rnatter

i+ldch nor*ma]ly accurnulates aboui such places is sr^rept into i;he creel< by rwt-

o-ff and carried a'"+ay in t,he stream flor+, so that relaiively l-or^¡ amounts of

nitrai;e find their r,ray in the ground r+aier"

The ihree remaining.-.¡e11s, ciesignated as LBe 22 arid 23 are situaied

in snaLl tor,¡ns or vi-]lages" T\vo of these, (ine" 18 and 23) one in Gladstone

and. Ì,he o'birer east of the gravel ric}.ge at Arden, have l^¡ater coiriai ning con-

centra-r,ions of nitra'¿e níirogen ranging from 10 Lo 35 parts per rnillion

tlrroughout the yearo The ihird one of this group, i,e" 22, is sj-tuated on

'bhe east flaïrl< of the gravel rid.ge at Ard.en" The nitrate nitrogen con-bent

in'¿he r.¡ater of this l¡eIl was very high du:'ing nros'b of 'che year, ltith concen-

-r,rations up to 2ùO par'r,s per nrillion encountered on several occasions* No

plane table map of the envÍrons of this r,.¡e'll is availabl-e ¿¿s tÌris partier¡-1ar

si-'be r¡as chosen by the Neepawa lJealth Unit Staff and added 'Lo the list su-b-

núit;ed by l,he idanitoba SoiJ Surveyo Hor'rever, the high nitrate conbent in the

r,¡a-ber of ihis l¡ell indica'r,es tha.b a healy accu¡rulation of organic matter is

present in i'bs immedia te vicirÉ-by"

The ¡ean concentration of nitrate rrirr,loffen of the water from the 10

r.¡e1ls as sho¡"m in Figure irio" X\[JI presents a sharp contrast i.¡i-th that of i;he

ciugou-ts u For the period of time this siucl¡. i,¡as conducted, the concentra.tÍon

dropped. gradually from -bhe }lovember peak of slightl¡r above l+O parts per nd-I-

L'i on io a lol"r of 12 parts per riúIlion in l.ia¡r. A sharp rise occurred in iurre

anct this rise continued till Ju]-y r^¡here a nitra-be content slightly under h0

parts per nrillion rlras again attained. lt slight and progressir,'e decline fol--

l-o¡ied- lhis pealc ancL the trend. i.¡as mainta'ined up to October r^rhen i;he drop

becarne raiher sharp" Frorn October to lJovember the concentration fel-l fron

33 to 2I parts per äril.liono
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Histog¡ams shoi.ring the monì;i:l-y precÍ;oi-tati on and the rnonthly mean

tenpera''uure for tlle duration of i;he r.rater-testing period have been sllÞer*

iriposeci over the nitra'be ni't,rogen curves of ihe :¡elI and dugoul; i¡ater on

Figure No" ¡r¡I1, This graph r¡as i:repared io shor'" i;he relationships existing

beti.¡een the vari ous factors u The general trend of the nj-tra'oe curve sho'"¡s

i;he inftuences of 'the closecl and open seasonsø Optinium conditions for the

nitrate elaboratìon at contami-nation sites occur duri¡g the summer months"

ttrith j:rcrease of temperatures in late scring and su.tnrner, ihere is a progres-

sive increase in nitrate elaboraLion r¡irich con-binues ultil. optirmm condi l,ions

are reaehed" This optÍnurn leve1 of elaborat-r-on is maintaj-ned as long as

favorable condi-i;ions prevail, but nitrate elaboration fal-ls with fel] ing

temperatures" Before elaborai;eci n-itrate ca¡r be washed from the source of

origin and ti:e soil profile a:rd into the ground i^ra-ber, rains in ex"cess of

field moi-sture eapaciiy are required" Thus the high precipitation tha'b

occurred. during the rrronths of t'lay and June, as shoinrn on Tabl-e I'Io, IVTTI caused

'bhe sharp rÍse of the nj-i;rate content in ihe ground water during this period'.

As noted above, in addii;ion to ihe l.¡ells ihat l¡ere reguJ-arl-y sampled, a numTrer

oí l¡eIIs Tdere sarlpled irregularly"

The data from the irreguiarl¡r sarçled i¡ater are trresen'ted

i[]ï" The same seasonal trencÌs of nitrate nitrogen concentration

in

r_n

Table ltjo,

-bhe ground

i";ater can be seen j-n spite of the incornÌ:leteness of the records" 'iJhat is

borne out hol.'rever, and this quite conclusive, is -Uhe corcelaiion that exists

betrveen nj-tra-r,e n-ii;rogen concentraiíon j:r the ',rel-1-water and the rocation of

'cire respective wells i:r relation to i;he farmyarci and the usual sources of

coniamination. Five of i;hese severÌ r.,rejls are located in farnqr-ard.s; 'chree of

then are situa-bed east of, and not far removed from ihe barns" Previous in-

vestiga'ci ons have es'bablished definitely t:rat the barns and yarcls are the
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chief sources of con-r.alrúnai;ion and i;hat i;he clirectj-on of grourrcl irater laiera]

rno-'¡ernen'b in iir-is di-s-r,rict to the east and north-east" Thus, ii; is on-Ly naùura_L

thai; i,he three uells situ_ated i_n ilre ciirection of ground r,¡a1;er flor^¡ have the

highes'r, concentra-Lions of niì;ra-r,e nÍ'r,rogen,

l'trell cLes:Lgnai;ed as t3 is located nearest to a barn, i"e. about 150 feet

a\¡aye and here the nitrate con'l,ent of bhe r"rater, at tirnes¡ runs up -ro l+OO parts

per ïrúlliono 1',,b11- nu¡rber lL also Ís l-ocated in the sanne fariryarC and- east of

the barn, but it is some 300 feet al^rayo The n_ttr.ai;e content o.f the r¡ater

here runs between 30 and T0 parts per niillion d-urÍ:rg the closecL season and

rises sharply to 3OO parts per :nillion durilg .iune ancl ju1¡r" I-loi.rever, although

the nitrate content of this r¡aie:' is high, rieveriheless, a consid.era.ble reduc-

tion occurre d during the cold noni;hs. BeÍng farther array from ,che sor¿rce of

conia:irination, this r.¡eIl shot¡s the greatest effects of a stoppage of nitrate
el-aboration a:rd subsequent l.iashing;s inio ihe grourrd- water upon ihe arrival of

lotr terrperatures" i''Jè11 designated 12 al-so lies to -,,he east of a barno It Ís

l-ocated about 275 ieet frorn tr.;o sheds or barns, r"¡hich are usecl to shef-i;er

fivestock only d-uri-ng-bire i"'inter ¡nonthsn The ¡tain barn is further north as

shown i:r Figure IIo" XV" During -bhe sunrner nonilrs ilre nitrate nitrogen content

in the i^¡ater he::e reached 55 to 60 parts per rnillion, but it dropped. to 20

pa.rts per ndllion in late faÌl and- earl¡r r+interu

Tire reinaining tr'ro farm.n¡eUs are focated rr¡êsi of bhe bar:nyards and agai_n

the nri-trate niirogen con'bent j-¡l the r.¡ell- r'ater is l-oi,¡er, especia.lly in ihe case

of r.¡e]-l- I'lo" 9" Throughout niosi of the ¡,ear the n-ibrai,e level of this ¡.ielI r.ras

bel-ow the ¡úni¡run toxicity li-n-it of 10 parts per rnillion and lrhen iì; did go

above bhÍs lirrit a rrraxirmrn pealt of on'ly 1! parts per r:ri1tÍoi1 ï.ias attained*
-ì"fate:: frorir ¡'¡e11 cì-esi-gna.ted. as nu:nber B has a sorner^rhat higher ni-brate eontent"

The level- i.¡as rnaintaÍned at ZA to 3O parts per nrillion durj-ng rnosi of the
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period tirat the tests were conductecl." ThÍs r,¡elr a'l so is located as shor¿n

Figure No, xrf/, ¡¡est of the barnyarc, honever, it is located near .bo, and.

east of a garden" In all probability the garclen in this case is-bhe source

of the higher nitrate content in the l.¡ell l+ater,

ÏV GÐ\]ERAI, DTSCUSSTON

The investigations carrj-ed out in the sum¡rer of lgSI esiablished the

fact that the type of surface geological deposits i,¡hich permit the accumula-

tion of ground t¡ater at shallow depths, especialJ-y rvhen accompanied by the

presence of large amou¡ts of organic ¡uastes at the surface, provide the con-

ditions necessary for the accumul-ation of e:<cessive arnounts of niürate in
the local ground r¡ateru Such conditions occur in the shallo¡i deposj-ts of the

T,or,¡er Assiniboi-ne Delta and. in the grave/ ridges and. eoarse textured d.eposits

of the T,or¿lands Basin Area,

Tn the neighboring areas such as on the Stoclcton and Newdale Soil Associa-

tions the same condj-tions for nitrate elaboration occur as those prevaíling in
the lower Assiniboj-ne Delta Area and on the gravel beaches, These soil-s are

also in the Hlackearth zone and consequentþ the organic matter in the n¡ln 6y

surface horizons is relai;iveIy high, Fìrrthermore, farrns-beads i,rith their ac-

cumuLation of organic ¡,rastes and vilJ.ages with ttreir privies and garbage refuse

are comnon to afI these soil associations"

The flrndamental difference between the soil areas r¡ith nitra'i;e contam-

inated grourrd rrater, and the areas i^¡here nitrate is not a problem, lies in
the r'¡ater regi-rne of the respeetive surface geotogical deposits. The cond.itions

which favor large amounbs of nitrate in ihe r+ater supply are, tha'r, the soil
must have a 1ow l¡ater retention capacÍty and it must be poroìts enough to al1osr

¡"¡ater to percoJ-ate through the profìJ-e and. into a subsi;rata u-here it is helct at
shallow depths because of impeded d.ol¡nir¡ard lrovernent" Such conditions occur in
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the ligh-b textureci Alniasippi soils and gravel beacires ø

Both the Almasippi and Stockton soils have a 1or.¡ waier reteaiion capa-

city t:rith the result tha'b a large percentage of the ollen season orecipitation

percolates through tLie profi-Le a¡d into the su.bstrate. This do¡:rn,rarci move-

ment of i^¡ater goes on until- a saturated substrate or an imirervious layer is

encountered and there, ground l¡ater accumulates"

Ïn the Stockton soils of the Up¡:er ¿lssiniboine Ðelta -Area, d.o¡^rnrnrard

movement of t¡ater is arresteC by a saturated subsoiL. IIere very deep deposi-

tions of sands are found (up to 200 feei) wlrich act as a r¡ast natural- reser-

voir for I\rater many feet in depth, lbre i'¡ater is oì:tained from drive point

wells and the water table is reacheC generally at about 20 feet frorr the sur-

face" The quantities of n-ltrate nitrogen norrnalþ leached into this large

vol-ume of wa1,er resul-ts in a solution so dilute that the occurrence of toxic

amounts of nitrate in the ground waters can be ci_iscou¡rted.

'Different conditions are encouniered in the ¡l1-masippi soils of the

lower Assi.:ni-boine Delta Areau Flere lacustrine cla¡r ¿sprsits or tiJ_J- u_sualJ_y

.foä.nd. at about eight .to L6 feet from the surface arrests the donru,iard. move-

ments of leachaùe, The r¡o-Lume of r¡ater into i,rhich any nitrate may be carried

is therefore much l-ess tha:r -bhat of the Upper Assin-iboine Delta Area so that

the coneentrati-on of the solution is proportionately greater.

Ïn periods of irear4r rainfall the r-¡ater tabte may rise in the Almasippi

soils to nrithrin 30 inches from the surface" The chlef factors responsible for

lowering the t¡ater table to a more nortnal l-evel is removal by vegetatíon
(transpiratj.on and evapora'i;ion) and by lateral- moveinent" fn the abseirce of
plant life, removal of r¡ater is by lateral- movement and before this ca¡r take

place tÌ:ere may be, and there are l-ocal- pocicets of heaviLy conbanr-inated l.iater

directly under and. in the irmned.iate vicinity of heavy accumulations of organie

matier. Such conditi-ons are prevalent at every fazrns'bead and rillage through-
cmttheareaunèrcìi.scrssi¡n, thedegree ofpollubi-onis moreorless proporbionarto the



suppl]r of organj-c l.iasies ai the surface and ihe ra1;e of its deco¡¡rosit:"on b¡r

micro-organisms, It follor¡s iherefore, -bhai, the faruis uith larger nu¡nbers of

anina-l- units t¡ilJ- have corresponclingly hígher concentraiions of nibra-i,e in the

ground r'¡ater a"boub the far'¡¡lsi;ead tl:an those l¡j-th smaller numbers of livestock.

The s-budi es conciucted shol^¡ thaÌ, 'i;here i s la1;eral movernent of ground

water j¡ the ÀLmasj-ppi Soil Área and the direction of Ia.-beral rnover¡ient is to

the north-easto The concentra-bion of nitrate is greatesÌ; in the ground r,rater

in cl-ose proxi:nity to the source of conta¡rinatÍ-on, and i¡variabl¡r it is i:n

the above rnentioned direction that aii;rate bearing r'iaters inove into i;he adjacent

areasu 0n ihe oiher hand the absence of nitra'Le i:r ihe ground water removed onþ

several- JrarCs to the r^¡est of coniaraina-i;ion si'bes, ctefiaitet;i ipdlcatesthat later-

aI .rttovenent does not talce place i¡ i;hat direction. Ilrthermore, the presence of

rd-trate=-îree r¡a'ber i¡mnediately to ihe',-æsii,¡ard of conta¡nination sites is further

evidence ihat 'bhe::e must be a sufficieni;ly ra.pid rate of movernent to prevent

the spreading of iritraie laden r,raters in all_ ciireeti_ons"

The polluiion core usually centres about bai'ns anct pig pens etcu l,'Jhere

these have been in position for some time, organic ¡ratter accumulaies and-

usually there is an abundani suppt-y in v'¿.rious sta-ges of decay to ensu-re a

consfant liberation of nitrate providing rnoisture and temper,ature conditj.ons

are favorable" Uncler these circumsiances higher rainfall simply means that,

more ni'brate is r,¡ashed into the ground water" In'r,he late spring of !953, pre.

cipitation hras rnuch above the averai-e, æd the contardlated'r¡aters north-east

of 'bhe farmsteads carrieo furi;her i¡. "¿he field 'bhan was noted at previous iimes

of obs.ervationu In the fall- o-f 1953, the distance tol^¡ìrich nitrates rïere car-

ried had been reduced considerabl¡r,

Lesser amou¡'bs of organic na'r,ter, such as are forind in ãardens, manu.red

pastures eLcor liberate sufficien'r, anoun-bs of nitrate to pollute the ground
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I.¡ater directl¡' below, bu'L ib appears ihat l-ittle l-ateral moveinent is re-

quired befcre the solution is di-luted su-ffj-cient1y, in rtost case, to re-

d.uce 'uhe concentration be'l ol.¡ the toxicity liruit. This partj-cular point is

i.;e11 ill-usiraied on tìre 7953 June and October maps of the faniis'bead situa-

ted on -r,he No'lJ. 3l+-I3-12, (Figures VIT ancl IX)" ilater from bore holes in

-i;he ga.rd.en east of the house shoi'¡ecl a nitz'a'r,e content of be-br^¡een 75 and 100

parrs per rnillion i+iij-Ie only some 50 fee1, aÍIay, anci east of the garden, the

ground r+ater r,ras -free of n-i-'Urate, i,vater frorri the well norl,h of the house

as sho-r.tr1 on lLgures VII and IX, also r.¡as free from nitrate contan'd-nation"

In the case of the manure pasture on lti"l[" 3\-L3-I2, a dif'ferent situa-

tion was encouJt'r,ered. There allpears to have been suffj-cj-ent nitrate elabora-

tion at the surface to contalni-nate the subsoil- i,¡ater to an extent 1,hat its

pïesence coul-d be cletec-r,ed i:r l-aieral movemeni" I{or';ever, ihe dense growbh

of grass i:r bhis fielci assimilated a ra::ge percentage of the nitrai;e before

ühe rains coul-ci i¡ash ii: belor^i 'i:he dep'bh of root penetra'Li-on. Hence only a

oor'u.ì on of the nitral,e found its r"ray to the ground I'ìraber belort, so that con-

centrati ons of ovet 75 paris per mil-Lj-on l,{ere seli.orn encoun-bered. The

hatchered. area sou-th of ihe farmsteacl N'Tf" l-/)-l 3LI-]-3-A2 shor^¡n in f*igures

VfT and t inciicaies fairl-y r.relJ- that t-rrere haci been little Jateral- movement

of niirate because polluted ground waier r^¡as Í'ound only t.lhere there 1'Jas manure

at ihe surface cirectly above Ít, This is in sharp ccntrast to the arel-norih-

east of the far-ilsbead i.ihere ihe ha'bchered iongue ca.rríes inio'che.fields for

a considerable ciisi;ance beyonci any surface orgauíc accumul-atj-ons 
"

I\¡rlher evj-derice of ni'brate potl-ution of groi:rrd. rrater being causeci by

accurimlations of organic maii,er a-t i;he surface of the soil, r¡ras provaoed by

Ía.r"nrçerations on the l,I,E" tA. Z6-:Ll.*:l1"" A hea-v-y application of lflail;r.e ( tt

leasi; 20 tons per acre ) r,ns inade on a stubbl-e fiefcl dunng -bhe r'rinter of
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L95213" Fo1lor;-ing the sprj-ng thar.r, tli-s ¡nanure l.ras r.¡orked rn -r'riih ì;he

surface soil" the subsequent heav¡r rains during la'ue spring and early suTffír€r

rr;-ashed i;he n'i tra'Le el-abora'Led a-f tire su"rface doi.rn to the grould i¡ater, tse-

cause i;his ;oartÍcular fielci T.Ias reserved for seeding 'bo c orn it r¿as i<epi free

of vegetaiion iilr earl-y suJmrero This r'vas achieved by frequeni; cul'i;ivation

which has'r,ened d.ecotposi-tj-on of i;L,e organj-c ma'r,ter. The conctitj-ons prevail-

ing in this íielc åre:-

(*) u large suppi-y of rapicily decomposing or6;ani-c :nai'ber,

(anc consequentl-y i::ì-gh n-itraùe elabora'¿ion because there i.¡as

favorable noisture, temperature and. aeration) "

(l) very l-ii;b1e or no vegetai;ion until 'uhe corrt crop

energed Ín early July, (hence before 'r,haù tj-nre, no assj-lcila'bion

of nitraie by plants) 
"

(c) treavy ra:l-irs i,.hich washed ihe nitrate 'bhrough the soil

profile and j-nto the grourrd ',.rater"

I'J'itr:¿L'be concenti'e'bions runniqg up io 130 paris per rrillicn ïiere encountered

in tÌre latter i.,'hen-i;he tesis i.rere conducted j-n June" Thus e:<ceptiona-L1y

favorable conc.ti tions pr:evailed both for elaborai,ion of n-itrate and its subse-

queut dotnn^rard perco-l-ation i;hrough the profile"

AJ-though the nanure appeared io have been spread qui-be unifomnly over

the surface, there'urås â great variaiion of nitrate conten-i; in bhe grou-nd

uar,er a'b tire differen-i, bore-hole sites tluoughout i;iri-s field, The exrremes

ran from trace quantities to 100 paz'ts per rnillion" This variable pai;tern

inclicates a:r accumuLa'íion of the nitra'be laden solution at certain points,

bu:.t no-r, suffieieni; nii;rate elabora-ued bo forrr a continuous area of poIluÌ;ion

such as was found 'Lrrder barns and., or iireir i¡unedj-ate vi-cini-t¡r, Because

i;he i;-round ¡va.ier uxcier i;he fields on each side of ihe manured area on N.,ï. 26-

11-11 rr-as eì ther nitra'l;e free or contaj:red l-ess bhan 10 parts ,oer n-ill-ion, Ít



is reasonabl-e to assuJne thaÌ, in the process of la-beral rno.¡ernentr-bhe concen-

iration i;as reduced- be'joi.¡ i;he Ì;oxic level due io -the ciilu'i;i-on that i:rer¡itably

acconpa:ry i;he penetra'bion o.'i urei;eoric watez"sn

The ma.nured fiel d unde:: ci.j-scussion produced- a hea.ry- siano of corn dur-

-i-ug the s'Ltrrlrners TÌris crop r¡as in-beri,i]1ed quiie freo¡:eni;ly during tirat tinre

iiih ihe resu"It i,hat cjecorroosj-i;i-on of the lìlanure k/as hasl,ened" I'luch nitrate

¡nust ha.¡e been assirdraf,eC by i,he corn crop du-ring ì;he gro.'.rinE seasoll becau-se

in September, L953, the grouncì i;a'ber unrler i;his manured patch, like that of

the neighboring fíelds: r¡as free of ni'brate. A'u'bha-r, iime also'bhere was no

evidence of ¡nanure at the soil surface,

V" Süi'î,iÄllY ¡ildD CONCLUSIOI{S

(1) The cause of methenoglobi-nenia j¡ infants and of ni'i;r'abe poisoning of

cattle, Ín 'bhe 
'\ieepal,ia anci acljacent districts, has beenattributedtôtlæpresence

of excessive arnounts of nitrate -ì n dor,res'¡,ic and farm water supnlyu

(2) The present :Lnvestigaiion has siior'rn that i;he occurrence and dis'b¡'ibu-

tion of nitrate conta:iúnated r.¡aters are closely correlated i'¡ith ihe Lrater

regins j-n bhe surface geologica.l deposits" 
.,(3) The tema-in of the }Ieepal.ra anci. adjacent dis'urict is diviclecl nai;uralIy

into four mai-n physiographic or landscape areas, L"e. (") The 'iæstern Upl-ands ,'"'i.',..

Ârea (b) The Up'per Assiniboine Delta ;lrea (c) fne Lor.¡er Assj-niboine l-lel-ta

Area (d) The Lor¡lands or Lalce Basin Area.

(l+) Geographically it was ascertaìned that nitrate affected. r.¡el-l r.¡aters 
,,, ,,,.

r^¡ere.forrndi;obeofcornrnonoccuÏ,]]enceinthes]raLLot'¡sandycleposiisofthe

Lor"¡er Assiniboirre llelba Área; in the gravelly anci coarse textu¡ed deposits

i¡mrediately r.resr and north of i{eeÌ¡ai,¡a: and in the coarse te:ctured beach,

lacustrine and i.¡a-be¡'warked depos-its of 'bhe Lalre Basin;l.reas" Holrever, in
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i;he boulder -i,irl area of i;Ìre -r,.Jesi;ez'n Upland.s Area ano. in ihe deep sandy

d-eposits of 'bhe Upper Assiniiroine De1ia /.i"rea, nìtraie affecied r.;'e1l r."¡e-ters

appeared i;o be relatj-vely infrequent and of casual raiher i;han of cornrûon

occuri'ence.

(5) Genei'a}ly, nii;ra"i;e charged r.¡aiers r.iere forind to occur above the con-

taci; of a shalloi¿ sandy or eoarse tex'cured nantle and a fine texbured sub-

stra-Le" They i.;ere not found'r,o be of comreon occurrence r"¡irere the soil

substrale had free j¡rternal drai-nage "

(ó) To measure the aniounts of r:-itrate leached from soils under field con-

ditions, mei;al ca'bchraen-b pans Trere plaeed in triplicate below 1lhe rrArt horizon

of ihe soil uncier fal-lor^r, grain, alfalfa-grass inixture, brorne grass and an

ol-d refuse site" .Anal¡rses of 'bhe leachates inciicai;ed ;hat although there was

sorne loss of niirate under fallovr, percolating i+aier from fie.L-ds uncier crop

are not iikely i,o con-i;ribute i;o a high nitraie content i-u the ¡¡ell t¡aters of

the area sì;udied" Consequenily, 'che chief .source of lire high nitrai;e levels

connonly found in the shallor^¡ lrells of the itleepar+a and- adjacenl. disbricts

'is not soil- but rrtust ïre derived frorn sorne other sourceø

(Z) D:'bensive bests cf groimd r^rater obtained from many points of sampling

slrorv',,hat privies, barns, ba.rnyards, pig pens, poultrSr y.;.rds, corrals and

village si-Les shoulcl be regarded as i:,he chief source oÍ e:rcessive anoun'ts of

nitrate in -r,he shaflow grounc-l i.¡aters cormonli¡ found in the Lor.¡er Assiniboine

Ðelta Àrea and Lol¡land areas. In cor,qrarison'nrith the high level of ni'i;rate

contanúnation cieriveC fror¿ habi'oation, small amoun'i,s of nitrate derived from

soi.l- nay be consj-derecl as of rel-a-r,ive'ly little consequence" '¡itrere far¡n and

village habiì,ai;ions have been established for a considerable time, on si-i;es

where rnixed i;extu::ecl stra-ba reiard ini;erna1 drairrage so that ground- i'raiers

occur at rela'r,j-vely shalJ-ol.¡ depths, and especially l+hez'e no prov-ision j-s made
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to avoid accimul-a'r,ion of organic and habi'i;ation refuse i'b is qr:ite natural

tiiaÌ; ni'bra-Le charged ivaters shoul-d appear i;o be regional-, This regionality

hor¡rever"¡ i-s on1¡' appareni because grourrd r.¡ater in the fields be'br¿een i,he

habiiation sites and- orr-t of seepage rårlge did not shor..Í el{cessively high levels

of nitrate.

(B) Although l"rel-l i,raters in-bhe Lorrer Assiniboine Delta Area trere frequ-eni-

-Ly fou:rci Ì;o be nitrate bearing, surface r.¡aiers siored Ín dugouts and noirds, or

carrieci by streams, invariably l,.iere founcl at the tj-¡re of inspection, to be

ei'bher negai;ive or free from toxic c¡uantii;ies of rritra'beu TT,Io faci;ors appear

Ì;o be responsible, Firstly, nur-off and su-rface flot^ring rrraters oerived from

:nelbÍng snor¡ and rainfal.l- are l-ess lilely'i;o be contanrinated r,¡ith ni-traie,

than i'raiers trhich floru -bhrough contar¡únated ea::th on farrq'ar& or vi-llage sit6 '

Secondly, the sloughs and clugout r,¡a'bers j-nvariably supported ph/co and

zooplanktonic life j-n profusion Curing ''ohe su.mmer monbhs" Aquatic planbs also

i"¡€re observed to be present:-n nost cases, and plant anCrni-cro-orge-nisms assiin-i-

J.aLe a.nct buj-lci up soluble nitrate in-bo organic body compouncls.

(g) Tn the falL and. eariy r.¡j-n-ber oi L953, an atiernpt r¿as rnade -Lo gro'nr

nicro-oi.ganisms in r+aier ob',,ained from dugouts, rrith and without added nitrate,

and. thus aseertain the rate and quantity of nitrabe assirúl-ated" UnfortunaÌ;ely,

the ariificjr-al conditions, and pe::iocl in the life cycle of the organi-sms were

unfavorabl-e and this e:lperìment proved Lo be unfruitful.

(10) Studies of dugout and i.¡e]l r.¡aters carried out over a-b¡^¡elve mon'þh i:eriod

sirowed s-ur:iking dif.ferences in nitrate content,'

(") The nitraie conì:ent o.f dugout i"¡aier in all cases 'i"Ias

higher in'che t¿iitber and, Ior^¡est i:r -,,he sìllnmer ¡ronj:hs, bub in no

case did ihe concenì;rations e;iceed t,he border l-evel of 10 parts

per rlil-lion'
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(b) The nitrate content of well waters was invariably
higher in the sulrnen and lor.,¡er fn the Iate winter and. early
spring rnonths; moroovere in most ca.ses, the nitrate concen_
'brations were much above the ninimwn toxÍc (1o parts per
galIon), and the degree of toxicit¡, varied greatly frorrr slte
to sÍte"

(11) Because, in the Armasippi soiL Á,nea, waters highly eharged
wÍth nitrate invariably occurred. beloi,v contaminated sitos or in
fhe path of seepage north-oastward frorn such sites; and because
ground waten in the fields between the habitation sÍtes and the
range of contaminatj-on did not sholv excessively high levels of
nitrate; it is obvíous that, Ín orden ,bo avoíd methemoglobinemia
in infants and nitrate poisoning in cattle, satisfactory far"m and

village wells ean be obtained if the sÍtes are selected. accordingly,
The al-tennative is to use surface stored water from dugouts and
ponds or streanso
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VIT. APPEN}]Ï

Figure l.lo" l-ö
AJ-ärsrsippi soil profiLe in field und-er fallot^r
N"hi, 2l-1lr-13 shc-*ring grould '¡^¡ater at about
30 inches from the surface" October Lzt I95L'
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Figure No" 19 - Vier'r of dugout located south
of Langruth and siiuated on a gravel ridge"
Algae can be seen in ihe waier of 'u,he dugou-t,
ano exanination of i;he iva-ber und-er a rnicroscope
revealed phyio and zoopla-nkton in profusionn
Grouncl r.re-r,er in the gravel sgni¿ined nitraÌ;e,
hor^rever, -r,he r^¡aier in bhe dugout r,,las nitraie-free"

þ

__Ï
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I

Figure No" 20.- Pond on Almasinpi.soi-l
SnOI.IIng Unsan]-'îiAfJf Surrounctl_ngs¡ ].,e 

"privyr corral, pig pen, manure besprink-
Ied yard, all- of wÌrich clrain into i:he
pond" The remains of a dead horse lie in
ihe ¡rillor^¡s to the l-eft of the wooden pump
seen on i;he photograph" Tesis on the r^¡ater
shoued that it lias free fz"om nitra'ue*
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Figure I{o" 21 * Vier+ of Langruth dugout
house encJ-osing pressure s)rsbem" ì,'iat,er
of pump house door contains nitrates"
absence of nitrate*

and i'eservoir, shoi+ing purp
obi;ained frorn top to the left

L'Ia'Ler dipped from dugout sl:ol¡ed

Figure ido, 22 - VLev of Vi11.age clugor:-t at Langruth located at the
wes-bern eclge of Langruth grarrel ridge " The fal-l írora the crest of the
ridge to tÌre dugout i-s approximately five feet,
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FigrLi:e No, 23 - Vi.er¡¡ of a back
of the nurnerous barns. commonly
recent-Ly tirese sheltered a feiu
the right hand sj-de of i;he ]ane
of organic nratter re.fuse at the

I

L
Figure irto" 2h - Vier¡ of a porì;ion of 'Lhe vill.age of Arclen on ihe easrl
side of the grar,'el ridge 

"itiote: -'lÌie irell i-n'L;he rigirt foreground, i;he garden close to, anci east
ffie we1i, Ì;wo privi es close behincÌ, e¡cl an animal loading platformj:l i;he background"

* l-01 -

'ìane i-n the village of .'trrcÌen shorvi-ng one
found. in snal-l- to-¡ms and ¡rill-ages, Until
head of cattle and one or tlvo horses* ûr
ean ile seen a privrr, garden anci a pile
corner of i;he garden"

-l
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Ftgure irio. 25 *Yiernt of Leachate "Catchmenirlfie].d" ldoie; ì;he tin enclosures a'b the soil
directly below, and 'uhe winchesier fl-asl<s tc
ning fron the panse

.-:
insiallation in a fal-l-or"¡
surface, -r,he rnetal pans
catclr the l-eachate run*

ÈÌ:i.irìlll¡ì.:!ì¡ìr.ìiì-{È.1ir.i:ì.1:.1:,:-,1ìÈ}.{¡:.,,,.:il.!--.1--.1.iÈì:{:ììssÞ'\
Ñ-kñ *@,1* q *-'

Figure lJo* 26 - Vj-erv oí leacha'r,e ttCaichrnentrf install-aj.ion in an
grass rnlx'bure field"
Noteg - ì;he rtÀrr horizon or zoreof n-i'brate elaboz'ation above i;he
pans (ap;ororirirai;e cì.epth is 1l+ i:rciies) 

"

alfalfa-

rneia]-
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Figure itlo* 27 - Vier¡ of leachate catchment site jn an alfalfa:grass
rnixiure fieJd" i'I,if. 27-I)J-L3"
i'Jote: - rain guage on top of post - Àutltor neasuriirg -Í,he amou:tì, of rai:r
that fell- the p::evJ-ous night*

Figur"e iiio, 28
S 

" 
i'\I" 3h-11j.*l-2

- r,/iel+ of leachaie ea'lchmeni si",,e :i.n a
shoiring tin enelosures ai soil surface

s-LiTirxre r-f a-l-l- ot|.l f re 1o
to p:'event runoff*




