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ABSTRACT

Water treatments high in chlorides, sulphates or nitrate-nitrogen,

having a total solj-ds concentration of approxj-matery 6000 ppm and a

control water treatment having a total solids concentration of 125 ppm

were supplied Lo weanli:rg pigs between 3 and 4 weeks of age initiarty
weighing 4 to ó ke. A total of 189 pigs were al-lotted, 9 per treat-
ment, and provided with feed and water rad libitumt for 5 to 6 weeks

(nxperirnents f , IT, III and V). Pigs i¡ Experiment IV were on test
for 3 weeks. One experiment was conducted wlLh 22 sovrs receiving

either control v¡ater or a natural well water having a total- sorid.s

content of 4500 ppm from a mj¡rimum of 1 week pre-farrowilg to J week

weaning of the piglets. Sows were confjned to farrowing crates for

the entire experirnental period. fn conjunction with Experiment IIr,

I pigs, 2 per treatment, i:ritiål-ly weighing I kg were housed i¡r wire

mesh cages for separation, collection and analysis of uri¡le and feces.

No significant differences j¡ average daiJ_y gain occurued

between treatments i¡r either the weanli:rg pig experjments or the sow-

nursilg l-itter experiment. No di-fferences in average daiJ_y feed

consumption or feed effi-ciency occurred between treatments in the

weanling pig experi¡nents. Neither liver vitami¡r A stores nor blood

methemoglobj¡r levels were significantly different between treatments.

Kidney weights as a percent of !'ùarm carcass weight did not significantly
differ alnong treatments and. kidney histological- sections did not reveal

changes due to treatment. lriater consumptJ-on by pigs receiving sali¡re

waters was considerably higher tha¡ control pigs with the di-fferences

di¡ri:rishíng with tjrne on experiment. Blood revers of sodium and



and potassium, and hematocrit values v¡ere uniform anong treatments.

I¡trhi1e there brere no significant d.ifferences alnong treatments for

urine volumes and urj¡rary excretion of potassium, urilary excretion of

sodium for the sali¡e water treatments was significantly higher

(p(.Of ) than the control treatment. Fecal percent dry matter, percent

ash, sodium excretion and potassium excretion did not differ among

treatments. Scourilg was not an important condition in either the

weanling pig experiments or the sow-nursj¡g litter experiment. Deaths

durilg the experiments were not rel-ated to water treatment.

Aside from increased water consumption and urilary sodium excretion

no major differences occurred among the water treatments. The i¡rcreased

water consumption and urinary sodium excretion had no effect on the

performance of weanling or nursi¡rg pigs"
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INTRODUCTION

Earllest research on sallne waters was carried out ln North

Anerlca about 40 years a*go. Since then varlous workers have delved

into the problens of sallne water for flvestock froin several points

of view. About ten years ago at the University of Manltotra, researeh

with growing and finlshlng pigs, initially weighing 20 kg, studled

the effects of sulphates and. chlorid.es 1n water at levels ranging from

approxinately 10,000 parts per mill1on (pp*) to as high as 2J,000 ppm

total solid-s.

Research has been done regard-ing the effects of nj-trates on a

nitrate-ni-trogen basis on pigs of various aqes with conflicting con-

clusions to those expressed by some fleld. surveys of similar sltua-

tions. Recently in Manitoba, some extension workers have conplained

of water quality problems with young growing pigs with nltrate-

nitrogen considered- a possible factor. Because of the d.ocunented. fact

that leve1s of 10 pprn nitrate N can eause methenoglobinemia in infants,

the assumption has been made in some cases that a similar situation

was true of young pigs" Further research reported- fron the Universlty

of lufanitoba, Roy and Boylan (fge+), lnvoIved. a natural well water

high in chlorides with a total solid.s content of approximately 4J00

ppm fed- to so¡rrs and. nursing litterso weanling pigs and. finishing plgs.

No adverse effects were noted. At the tine of the above mentloned

experirnent the accepted procedure was a six t+eeks weanli-ng of pi6ç1ets.

I-ater with the ari.vent of early weaning (J weeks) youngeru srnaller,
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plgs becane exposed. to sallne waters as thei-r onþ souree of water.

Recently at the Unlverslty of Manltoba, Stothers (tgZO), threo week

old. weaned. plgs were supplled. wlth a sulphate r¡ater contalning approx-

J-mately 2000 ppn total solid.s wlth no adverse effects.

The research reported here l+as to take a closer, d.etailed look

at the effects of saline waters, includ.ing nitrate-nltrogen, sulphate

and. chlorid.e, on the perfornance of newly weaned. plgs wlth inltial

weights of 4 to 6 kg. A srnal-ler stud-y was lnitiated to up date ln-

formation on the effects of sali-ne water on nursing sows and- their

litters housed. in a total confinement unito Whereas work with the

r+eaned plgs involved levels of 6OOO ppm total solid.s frorn a synthetic

mixture; sows and. nursing litters received. a natural well water con-

taining ll5Oo pprn total sollds in chlorides as their only source of

water for the nursing perlod,
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LITERATURE RF]VIEI.T

A, LIATER QUALITY FOR VARIOUS CLASSES OF LIVESTOCK

Early publlcatlons deal r¡lth a generallzed tolerance to sallnlty

based on acceptabllity to all livestock, Embry et aI (L959) classlfied

water in the following rnanner for all li_vestock:

Table I

SALTNTTY AS REI¿.TED TO TTilI QUÄLTTY OF LTVESTOCK WATER

Total Salts (Solids)
Content of Water

(ppm) Quality

Excellent

Good.

SatlsfaetorT

Unsatisfactory

0 999

1,000 3 rggg

4,000 6,ggg

7,000 and. over

The La,boratory for Water Analysis at the Unlversj-ty of Saskatchewan

(fg65) indicated a classlfication of water for d.rinking by different

classes of livestock on the basis of d.Íssolved. solid.s as follows:
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Tabl-e 2

IIATER QUALTTY FOR V¡,RIOUS CLASSES OF LIVESTOCK

Dissolved. Solldsw
Species Good.

Humans

Horses

[iorking

0thers

Cattle

Sheep

Poultry

Fu1l Grom

Chicks

Swi-ne

Fair Poor Very Poor
(usalre) (aGêTionat're)

0- 800 800-l_600 1ô00-2500 2500- 4000

0-1000 1000-2000 2000-3000 3000- 5000

0-1200 1200-2500 2500-4000 4000- 6000

0-1200 1200-2500 2500-4000 4000- 6000

0-1500 1500-3000 3000-6000 6000-10,000

Linit
(ltot Ãdvfsed.)

ó000

10, 000

10, 000

15,000

0-1500 1500-3000 3000-b000 6000-10,000 15,000

0-1000 1000-2000 2000-3000 3000- 5000 6000

Young plgs and market plgs tolerate less than Cattle

The rest of this sectlon will deal with det4iled- research on the

effects of saline lrater on various classes of livestock exclud.ing swine.

CATTI,E

Seddon (1931) noted a 110-1J0 kg calf could tolerate water nlth

10,000 ppn sodium chlorlde without ill effects, Heller (l-gn) stated

15r000 ppm sod.lum chlorld.e as the maximurn concentration safe for

maintenance of dry cows. Lactating cows ¡+ould- tolerate lesso He

commented. that cafciun chlorld.e was nore toxlc than sod.lum chlorid.e

slnce water wlth 10r000 ppn calclun chlorlde was not tolerated,
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llork done by Embry and co-workers (1959) used sodium sulphate at

Ievels of 4000 ppnro 7000 ppm, or 10,000 ppnr in the water causlng re-

duced feed consumption and rate of galn, scouringo with weight loss

and. a reduced water intake wlth fattening heifers at the hlghest

concentrations. Using 10r000 ppm sod-irun chloricLe or 10r000 ppm mlxed-

salts failed. to show the dranatic reduction in feed consumption or

rate of gain associated. with similar levels of sod.lum sulphate. No

effect in rate of gain or feed consumption occurred- at 7000 ppn total

solid.s, Apparently toxic levels for fattening cattle nust lie some-

t+here betl^reen 7000 ppm and- 10,000 ppm depending on the salts present,

according to the aulhors" Salt r¡ras available free choice,

Ii¡eeth et al (tç60) found i^¡ater containing 10,000 ppn sodi-um

chlorid.e to increase l,¡ater consumption and decrease blood- urea j-n

heifers whereas r¡ater containinE 201000 ppm sod.iun chloride caused

severe anorexia, weight loss and anhyd.rernia, I'leeth and- Hunter (tgZt)

using J0O0 ppm sodiun sulphate in water found. a weight loss in heifers

over a l0 d.ay perlod.,

SIfiEP

Heller (1933) using groups of five sheep for a period of slx

r¡eeks found. sheep could- exist on leve1s of 25,000 ppn sodium chlorid-e,

20r0OO ppm rnagnesium sulphate, or 2J1000 ppm calclun chlorid.e but

suggested 15,000 ppn total solid.s as the upper limit for naintenance.

Pierce (tgSZ") stated that sheep receivlng 10,000 ppm sodiun chlorlde

for lJ months performed- as well as control sheep receivlng rain water.

Sheep recelvlng 15,000 ppnr sod.lun chlorid.e pe::formed poorly so this

level was considered toxlc" Pierce (tgsZ") supplted sheep with a
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water contalnlng I)u000 ppm total solld.s nade up wlth varlous concen-

tratlons of 200 ppm to J000 ppm rnagnesiurn chlorlde with the rernalnlng

salt beÍng sod.lum chlorldeu He concluded that up to 1000 ppm nagnesiun

chlorirLe comblned wlth 12r000 ppm sod.lum chlo::ide i+as the upper llmit

of magneslum chloricle accep'bable to sheep since higher concentrations

of magnesiu¡r chlorid.e caused toxicity, Further work by Pierce (Ig59,

1960, l-962 and. L963) comparing various salts in combtnation with

sodiurn chloride showed. that, for the most part, combinations up to

13,000 ppm total solids were tolerated by sheep. pierce Qç\e) found

that r¡ethers receiving a sali-ne water of J000 ppm blcarbonate had a

significantly red-uced wool prod.uction but rrith no adverse effects on

general heal-th, feed. consumptlon or r+eight increase. Aceordlng to

Pierce (1968), eI{es and their lambs tolerated either a high bicarbon-

ate (5OOO ppm) or high chloride (f3,OOO ppm) water.

POULTRY

According to Selye (L9l+3) water contai:ri¡S 9O0O ppm sodium chlori¿e

caused hetvy mortality in young chicks, Kare and Biely (fç¿g)

observed nortality of less magnitud.e than did Selye (tg+l) when day

o1d chicks were supplied with p000 ppm sodium chloride in d.rinking

water and lB00 ppm sod.lun chlorid.e in the d,iet. Uslng the same d.ietary

level of sod.ium chlorid.e and 3000 ppm sod-lum chloride in water, Kare

and. Biely found. no effects d.ue to salinity. Edema but not mortallty

occumed in day old. chicks receivlng J000 ppm sodlum chlorld.e in

¡^¡ater and. a d.letary 1evel of 10r000 ppm sod.i-um ehlorid.e ln experlments

conducted by 0o11, HuIl and Insko (19r+6),

Krista (fgOf) studiecL the effects of saline r¡ater on chleks
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laylng hens, poul-ts and. duckllngs o Chlcks wero suppllerl wlth water

contalnlng 4000 ppm, 7000 ppnr, 10,000 ppm and 12u000 ppn sodlun

chlorlde added to a water analysed al 530 ppm total soIlds" Slgnl-

ficant lncreases ln nortallty occurred at 7000 ppm wh1le at 4000 ppn

sodlum chlorld,e chicks exhlblted. watery feceso lncreased. water con-

sutnptlon and. loss of appetite, Laying hens receiving sod.ium chlorld.e

at levels of 0 ppm, 4000 ppm, 7000 ppn and. l-00000 ppm, magnesiun

sulphate at levels of 101000 ppn and sod.iurn sulphate at leveIs of

10r000 ppm ancl 12,000 ppm, exhlbited. slgnlflcant decreases ln egg

prod.uctlon at 10r000 ppn soclium chloride, Lzr000 ppm sod.ium sulphate

and. nhich approached. slgnificance at 10r000 ppm magnesium suÌphate,

Body weight was unaffected. by any leveI of saline r¡ater studied.

Poults receiving l-evel-s simllar to those reported. for chicks d.emon-

strated. signlflcant lnereases in nortality at 4000 pprn sod.iurn chlorld.e

Poults and d-ucklÍ-ngs receiving 4000 ppm sodiun chloride exhibited

retard.ed. growt,h, watery feces, increased. water eonsumptlon and billing
of feed by the ducks,

Losses ln young poults from ascltes and. edema occu¡red. when uslng

a basal ration containing tló00 ppnr sod.lum chlorid,e in combinatlon r¡ith

water containing 6000 ppn total solids from mixed salts ln experi-ments

reported. by Robblee and Cland.inin (19ó1).

Sibbald et a1 (1962) found increased mortallty aL f J00 ppm sodiurn

of sod.iun chlorld.e

to 4 ¡+eeks of age,

salts with relation-

weeks of age were

chloride in drinking water regard.less of the amount

availabl-e in diet up to J000 ppm (,5%) r¡lth chlcks 0

0'l'leil (f9ô|) sumrnarizes the effect of vari_ous

ship to thelr lnd.lvidual toxlcltl_es, Chicks 0 to 4
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usedó Feces becarne rnore w-atery wlth lncreaslng levels of mLneral"

llater to feed. ratlos lncreased with lncreaslng mlneral level ln water"

As the ratlo of water to galn approached. B: 1 body welght was slgnifl-

cantly depressed, Mortallty occurred at higher ratlos"

Table 3

INDIVIDUAL TO]iICITY LEVELS OF VARIOUS SALTS ON CHICKS

O - 4 I.IEEKS OF AGE

SALT

Sod-iun¡ Carbonate

Sod.iun Chloride

Sodlum Nitrate

Sod.ium Bicarbonate

Calciun Nitrate

Sod.iun Sulphate

Magnesium Sulphate

NATS

SATISFACTORY I,EVEL

2400- 3200 ppm

4800 ppm

6400 ppm

ó400 ppn

8000 ppn

12,000 ppm

12'000 PPn

TOXTC IEVEL

6400 ppm

6400 ppm

8000 ppm

pó00 pptn

9600 ppn

12 r 800 ppttt

Heller and- Larwoo¿ (fg3O) showed that leve1s of 151000 ppm of salts

lowered. grow-bh rate while 10r000 ppm affected. reproductlve perfonnance

ln rats,

i{uhrer et al (f956) indicated- that rats fed 140 ppm or 280 pprn

nitrate-nitrogen produced. fe¡.¡er lltters than d.id. control tats o Repro-

ductive perforrnanee Ì¡as affected. to the polnt where ) of 12 female rats

recelving 140 ppm nitrate-nitrogen incorporated. ln their dlets and. 2 of

I female rats receiving 2U0 ppm nltrate-nltro¿en incorporated in their

d.íets produced. lltters as compared to 12 of 12 control female rats
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produclng l-ltters" 0f the U female rats fed 280 ppm nltrate nltrogent

four prod-uced. placent,al tlssue but not lltters lnd.lcatlng aborbion or

absorbed. fetuses"

l'Iork done nlth rats was ïepoïted by Enbry (1959). Sprague-Darvley

male albino rats initially welghing 68 gns were allowed feed and water

ad. libitum, Uslng varlous levels of sodiurn chlorid.e, sod.lum sulphatet

rnagnes5-urn chl-oride, magneslum sulphate, and calciurn chlorid-e d.lssolved

in water ind,icated- that Ievels belor.r 4000 ppm total solid.s reflected. no

change in the rats! perforrnance whereas 10,000 pprn usually d.ld-"

O'dell- et al (fçOO) used. vitamin A d-epleted rats to study the

effect of nltrite (potassium nitrite) on the vitamln A and. Yitani4 g

status of rats. Rats receiving potassiurn nitrite showed d-ystrophy

typical of vitãmin E deficlency as v¡ell as a more rapid d-epletion of

vitanin A stores, GrowLh was d.epressed. by ad-d-ition of potassiun nltrite

to the ratlon,

Enerick and olson's (1962) r¿ork with vltamin A d-efielent rats fed.

either 420 ppm nitrate-nltrogen or 70 ppm nitrtte-nitrogen lnd-icated

d.lfferences in final weights generally assocj-ated. with nltrate and

especially nitrite fed rats" Both nitrate and. nitrite treatments

affected. llver weights, ltTltrite feeding resulted. in reduced- anounts of

vitamin A stored. in the liver when vitamin A was administered- orally but

not when vitamin A was ad-ministered. by subcutaneous injection'

B. I¡IATM REQUIREMEì.TTS OF I,MAì{LING PIGS

According to the National Research Council requirements, (fçOA)

weanling plgs will consume 20 i.g of r¡ater daily per 100 kg of bod-y

weight. The d-aily water consumption of a 5 kg plg wo¡ld be 1 llter'
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Herrlck, (19?1) stabecl lhe daiþ requirenents for sr^¡lne welghlng from

p kg and lB kg to be 1"1 ltters to 2,3 lltors respectively.

The ARC publlcatlon on llutrlent Recluirements of Pigs ( 1967)

states sinll-ar recomnendations r.rlth respect to water consumption as

to those reconrnended by 't,he NRC requl.renents of 1968"

Frlencl and- Cunningham (f966) found r¡ater consumprlJ-on (excluding

mifk) of 
" 
08ll 1 total during t,he flrst week of life r.¡ith piglets

initially wei6hing I,26 kg, During the seventh r^¡eek water consurnp-

tion r,¡as ,JJ l,i-Lers per d.ay for sucling pigs weigl'ring 1l.B kg at the

end. of the seventh wee]c, In this work r¡ater T^ras available ad. libitum

for a nine hour peri-od each day"

C, EFFECTS 0F I'IITRÀTE-NITR0GEÌ'I 0l,I TI-E PERF0RI''IAÌ'ICE 0F SI,IINE

llue to the fact that initially various publications repo::ted

using different forms of nitrate in experiments, here all nitrate

levels are expressed. as nitrate-nJ-trogen or nitrite-nitrogen

regard.less of the source of the nitrogen. Conversions were completed.
1

using the table d-escribed. by l\iitchell"

Emerick et aI (A965) found- that healthy one week old pigs were

no rnore susceptible to nitrite induced- methemoglobinemia than the same

pigs when older" Data pertaining to methenoglobin formation and

reduction r¡ere obtained in vitro and- in vivo at approximately 1 week,

three months, and five and. a half months of age at which ti:ne average

bod"y weights were 1,9 kg, 10.8 kg anð. )4,1 kg respectlvely. Itlith

respect to the in vlvo study, pigs given intravenous injections of

Checking wat,er supplies for ltritrates, Iiatlonal Hog Fariner,
Swine Information Service, 8u11. D22 pI
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3 ppm (0,03 Brm NaNOr/kg body wt) developed a lower d.ogree of

nethemogloblnemla when treated. at one v¡eek of age than the sane plgs

at I months or J| months of agen Percent methenoglobln obtalned ln

vltro was the sane for all plgs of a.11 ages although a slower rate

of methemoglobln rerluctlon was observed. for J] month o1d. pigs.

Seerley et al (1965) administered nltrate or nitrite con'blnu-

ously ln the d.rinking wat,er of grolring-finishing swlne. There were

no signS-flcant d.ifferences in average d-a.ily gain, feed. efficlency,

water consunption and- liver vitamin A levels with sod.ium nltrate at

l-evels up to 100 ppm nitra.be N, Gilts fed 300 ppm nitrate ltl over

tlto farror+i-ngs showed no adverse effects on d-aiþ gai-n, feed effl-

ciency or thriftlness" Birth weights, average d.aily gain, litter

size at weaningo blood. and. liver vitamln A content of piglets fron

nitrate treated. dams rrere not adversely affected" by treat¡nent,

Add.lng 100 ppm nitrite N to drlnklng water of bred- gilts and gronlng

and. flnishing pigs gave neasurable but smal1 increases in nethemoglo-

bin without obvious d.etri¡iental effects on performance or liver vitanin

A values determined. after 1-0J days on treatnent.

Dollahite and Holt (1969) state that functional henoglobln,

that is total henoglobin rninus methemoglobin, is nore relevant to the

welfare of the aninal than the total hernogJ obln or percent methemoglobin,

Garrison ét aI (L966) a.dminstered nitrate and nitrite to

d-rinking r¡ater to observe the effect on carotene utillzation by

growing and. flnishing swlne, Uslng potassiuln nltrate at Ievels of
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1-0J ppm, 210 ppm and 420 ppn nl'brabe N, vltanln A sto::es from elther

a beta carotene source of a vitamln Á. palmlta'be source ¡.¡ere reduced

ln all treatments. At l-evels of 420 ppm nltrate N ¡+lth beta carotene

as a vltamln A source, vltanln Ä, stores were signlficantly lorter than

the control- treatment (P <,05) " Feed effictency was greatly reduced

at the 420 ppm nltrate N levelsn

In the same study potassium nltrite r{as administered. at levels

of 28 ppm, 56 ppm ancL 112 ppn nitrite N in the drinklng ttater.

treatments of 28 ppm and.112 pprn nltrite ltr were signiflcantþ different

(p(.01) from the control treatnent with respect to rate of gain'

Liver vitamin A. levels in sr+ine receiving 56 ppn and. 112 pprn nitrite

N were significantly different (p(,0J) fron"r the controls.

Case ( 1957) stated. that any anount of nitrate over 3050 ppn

nitrate lrl of the total feed- and water intake is a potential problem,

Furt,her work by Case (l-963) in¿icates that r¡ater containing nore than

the recomrnend.ed- maxi¡u¡n level of 10 ppn nitrate N is probably going

to cause sorne herd health problens in swine. Referenee is made to

levels of 10 ppm to 50 ppm nitrate l{ as marglnal in quality with leve1s

above 50 ppn as hazardous, leaving the anj¡la1 susceptlble to attack

by d.isease organlsns. He suggests a rnultiplicatlon of problens with

increasing levels above 50 ppm nitrate lI ln water"

The University of Saskatchewan (1965) nineographed supplement

to the report on quality of rural water supplies, and, the Fed-eral

'tJater Pollution Control Ad.minlstration (fç09) refer to the establlshed
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maximurn allov¡able l-evel of 10 ppn nitrate N and. nltrlte N comblned.

ln water used for hurnan consumptlono l'lethemogl-obinenia In hunan

lnfants (l1ue babies) fras been attrlbuted to sllghtly higher 1eve1s

of nltrate N,

Olson et a.1 (tçZZ) found a relatlonshlp between nltrate levels

ln water and. livestock feed.s to herd health proìrlerns, Subtle ad,-

verse effects occur on the physiologlcal functlon of affected

aninals. Herd health problems tn 15% of operations surveyed. were

related. to exeess nitrate intake levels of 24,4 ppm to 1ó4,7 ppm

nitrate N in the r¡ater and- 6ll ppm to 2562 ppn nltrate N in the feed

source.

DO EFFECTS OF SUTPHATIIS A}TD CHLORTDES T]'I DRINI(II\TG LIATER ON TIfi

PERFORI'1A]'TCE OF SI,TINE

Seddon (1931) observed a mature pig to tolerate 2Jr000 pptn

sodiul chlorid.e for 40 d.ays wlth sone signs of nervous derangement.

Two 55 kg pigs consuned water contai-ning L91000 ppm sod.lun chloride

for 13 and. 22 d.ays respectlvely wlth a reduced increase in welght

galn, A J-l kg pig consuned- water contalning p'000 ppm sodlu:n

chl-orid.e for 40 days rrithout perfornance being affected.

Sodium chloride of IJ,000 ppm was found toxlc for plgs'

especlally young pigs, resulting in decreased feed consurnption ln a

study conducted by He11er (l%3)o He reported that all pigs could

tolerate 10,000 ppm sodlum chlorlde without 111 effects"

Buffagni (I%5) found plgs receivtng brine nixed nith food,

r¡here each ptg ingested the equivalent of J00-600 ml of a 2Ø

solutlon of sodium chlorlde per day for 3 days, d.enonstrated. salt
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polsoning.

Sohstedt and" Grunrner (f95+) ::eported plgs recelvlng a swill

contalning elther 15,000 ppm or 20r000 ppm sodium chloride v¡ith no

d-rj-nklng water, developed. salt polsonlng, These ¡.rorkers found. no

increase ln sodlurn or chloride ions in the plasma or serum of

these pigs,

According to Pierce (1957) synptoms of problens iuith saline

lraters includ.ecl; decreased food. consumptlon, reduced. rate of gain,

d-iarrhea and- increased excretion of urine. The latter would oceuï

since most of the sodium chlorid.e ingested. is excreted. via the

kiclney.

Embry et a1 Q959) repor-bed on work done usj-ng pigs weighing

16.8 kg fed a nj.xture of salts includ-ing sod.iun chlorid.e, magnesi-um

sulphate and. sodiun sulphate, in a ratio si¡nilar to that found. in
natural waters. Feed contained. 51000 ppn sod.iunr chlorld"e, while

water treat¡nents contai.ned 2100 ppm, 4200 ppn oï 6100 pprn total-

solid.s" Results shor¡ed. average daily gain, feed. consumptlon and.

feed efficlency were s1i-ght1y better for pigs receiving saline

waters, 'lilater consumption increased. with increasing salinity,

Scourlng oeeurred d.uring the first r¡eek on test,

Berg and Borvland. (r-960) used pure salts of nagnesiun sulphate,

sod^ium chlorid.e, sodi-um sulphate or mixtures of magnesiurn sulphate

and sodlun chloride ad.d.ed- to a natural r¡ater containlng l-40 to 1J0

ppm total solids, llo ad.verse effects i+ere noted 1n pigs initially

weighing 12 kg with waters contalning up to J000 ppm of any salts,

when comparecl wlth the natural wate:: source" I'lo sodlum chloride was

ad.ded to the treatment d.lets.
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Stothers (fç00) supplled 2? kg plgs wlth water contalnlng

Lt,l23 ppm total solld.su two to three tlnes a day in a trough,

Sllght effects on rate of gain occurred prfunaril-y durlng the flrst

two weeks on experiment. I'lo'bab1y avelage d.ally water consumption

for the saline trea.tnents I.Ias (;.J liters as conpared to 4.6 liters

for the conLrol treatment" Feed efficiency l{as affected- by sallne

treatments mai.nly d-uring the grolting state, since a subsequent

stud_y using finishing p15s initially wei6hing 57 ke showed no

effect on rate of gain and feecl efficlency"

Stothers and Palner (fç6f) supplie¿ weanling pi*s, 11 kg to

22 kg ltith saline r¡ater having a total sol.icls concentratlon of

11,000 pp:n particularly hlgh in the sulphate ion (4880 ppm)"

Sinila:: to the study by Stothers (f900) a sl-ower growbh rate, de-

creased feed consunption, lower feed- efficiency antL higher water

treatrnents" As with the prevlous stud-y by Stothers (f900), plgs

from 27 kg to 81 kg body weight showed decreased rates of gain'

poorer feed. efficiency, and higher water eonsurnption when subjected.

to saline water treatraents containing 11r000 ppm total solid.s.

Growing and. finishing pigs receiving either L51900 PPm, 17,t00 ppin or

2] ,300 ppm total solids exhibited- decreased. grort,h rate, poorer

feecl efficiency and- higher water consumptlon, than control pigs'

The work of stothers and. Palmer (rg0r) also included a study of

the effects of a high chloride ion (4,039 ppm) l.¡ater contalni-ng

l-0,400 ppn or l-4n800 ppm total solids on growing and finishing swlne"

Pigs recetving l-0r400 ppm total solid.s out performed control p15s in all
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ïespects, whereas those recelvlng 14,800 $pm botal solld.s performed.

so poorl¡r thel were rernoved- from test at 57 kg, I,trater consumptl-on

was hÍ.gher for all sal-ine treatrnents 
"

Roy and 3o¡rlan (1964) provlded a i.rater con.bainlng' 4300 ppm total
solids to sows r'¡ith nurslng litte:rs, l+eanl-ing and, grorring plgs (ff

kg t,o aa kS), and finishing pies ( 57 kS to !1 kg). Àside from

increased- water consurnption, no effects d-ue to saline waters were noted"

In .blris experi-rnent and those by Stothe::s (f9e O , L97O) and Stothers

and Palner (f90f), sod.iun ch1oride l+as added to the d-iet at Ievels

of J0C0 ppm,

Stotlrers (J:9?0) used a synthetlc l.¡ater supply contalning 2400 ppm

total solid.s and. a natural rtell water containing 2000 ppn total solid.s

to attempt to show a relationship between saline water and. poor per-

forrnance in weanling pigs inittally weighing 6"4 kg or 72"3 kg"

Al-though scouring was conslde::ed the primary effect on plgs given

the saline water treatments, lt created. no problen in this experirnento

No perforinance differences were noted. with pigs initially weighing

I2,) kg, but amongst the 6,4 kg weanllng, those recelving the natural

well water (ZOOO ppn) and a conmercially prepared diet, showed- a

d.ecrease ln gain and- feed. efficiency as compared to control pigs"

Herulck (tgZt) indicated. that 1000 ppm sulphates may have a cath-

artic effect, particularily on young livestoelc, but tha.t a tolerance

is built up to constant d.ietary or r¡ater levels of 2000 ppm to

2J00 ppm sulphates over a period of tlme"
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MATERI^ALS AND METHODS

A, OBJECTIVE

Six experinents v¡ere uncle¡Laken to deüernine the effects of

saline waters, elthe:: high in chlorid.es, sulphates or nltrate-

nitrogen, on the per:formance of 3 t'o 4 r¡eek old- weanlinpç plgs

initially weighing 4 to 6 kg. Includecl was one experimenf to

determine the effec't,s of salÌne ¡+a.ter on the performance of sows

and. nursing litters in farrowing crates housed in a total

conflnenent barlr. At the same tine as Experinent III physiologi-

ca1 d.ata were obtained fron other lteanling pigs housed- in tneta-

bolic cages.

B. I.I-EANLII{G PIG EXPERT}'ENTS

The l.rater treatnents used and, design of the experinents are

tabulated. in Table 4. All pigs received feed and- i+ater 'ad.

libitum'. Initially pigs received. a conmelcial pig vreanet (Lgy'o

protein). At an average weight of / kg, the ration llas changed- to

a university formulated. creep feed- (wheat-soybean meal-fish meal)

(Lfl" protein), From IJ kg average weight plgs received a balanced-

starter ration (barley-soybean) (18% protein) " Composition of the

various feeds is summarized. in Append,ix Table 1. Initially pigs

were allotted- to treatment by r+eight, sex and litter. Pens were

checked. daily for scouring while pig wei6hts, feed and. r+ater

consurnption I{ere reeorded weekly.

Since scourlng was repolted as a problem associated wlth the

use of saline water, scour days were used as a crlteria for

measurement. A scour day referred to scouring ln a pen regardless

of the nunber of anlnals involved"

Water treatments (Table 5) used were high 1n sulphates or
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Table 4

TILE IirATlrlR TRiIATI'IiNTS USED IN THE VARIOUS EXPERIITIENTS

AI.ID T}il¡ DJTSIGÌ{ OF THE EXPI]RIMENT

Sulphate Sulphate Chloride
Itrxperiinent Control Sulphate plus 1J0 plus 100 Chloride plus 100

No. . PPm PPn PPITI

Nitrate N Nltrate N llitrate N

II

III

il

v

X'XX

XXXX

XXXX

XX

X

XX

XX

lufetabolism
CageStudy X X X X
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chlorldes and. varylng Ievels of nltrate-nltrogen (tatte 6)" Nltrate-

nltrogen Ievels were O ppm, 150 ppn or J00 ppm, Total sollds

concentratlon of all sallne water treatnents was approxinately 6O0O

ppm. '[,later solutions were preparecl in 20ll llter plastlc contalners

from stock solutions of the various salts and- were presented to the

pigs in 64 liter painted metal barrels, fittecì. with a watering bor+1

as shorrn (flg¡1.e 1). P5-gs were weighed on a weekly basis until the

conclusion of the individ.ual experlmentso

EXPERII{I]NT I

During Novernber L9?0, 2? weanling pigs weighing between 4 and

6 kg were kept on experinent for a J week period to an average

final weight of 24.5 k8.

Blood. sarnples were taken on days 20, 2? and. J4 by puncture of

the anterior vena cavac Analysis for methemoglobin was carried out

on the btood by a modified verslon of the Method of Evelyn and

Ma11oy (fgf8), using a Spectronic 20u Sausch and Lomb colorimeter.

Upon completion of the experimentu two pigs from each treatnent were

sacriflced. and. the livers were frozen and stored. at -20oC. for sub-

sequent analysis for vitamin A content by the method- of Gallop and'

Hoefer (tg46). In ad.dition kidney weights were recorded and slices

preserved for histologlcal examination.

EXPERIMENT TI

corunencing in February 1977, )6 weanling pigs, initially

welghing between 4 and- 5 kg, were kept on experlment for a period'

of slx weeks to a final r+eight of 20 kg"



Fig, 1 , l,later resevoirs with attached. watering bowls
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Table 5

Salt

SALT COI'IPOSITION OF I,ÍATER TREATItrNTS USED IN

hTEANLIIIG PTG EXPERIMII'ITS AI'ID I'ffTABOLIC CAGE STUDY

1

Control Sulphale
Sulphate SulPhate Chlorid-e
plus 1J0 plus 100 Chloride Plus 100

ppn ppm PPm

llit,rate N Nitrate N l{itrate N

Calciunt
Chloride

I'lagnesiun
Sulphate

Sod-ium
Bicarbonate

Sod-lunr
Nitrate

Sod.lum
Sulphate

Sod ium
Chlorid,e

2
Total Solids 125

780

L6g4

2677

708

5978

780

169+

1B+4

970

708

60ó1

780

169t+

1040

1818

708

6765

780 7Bo

2671 1040

- 1818

2t+0I 240t

6077 6164

I Soli¿" cr salts given'ln ppm

2Tot"1-so1ld concentration includ.es that
addition to added salts.

found. i¡r control- water in



30

Table 6

Ion

INDIVIDUAL TON CONCENTRATTONS OF TFM I,IATER

TREATI'ÍtrNTS USED IN Ì',|EANLING PIG EXPERII'{ENTS AND

METABOLIC CAGE STUDY

1 Sulphate SulPhate Chlorid'e
Control Sulphate plus 1J0 plus 100 Chloride plus 100

ppm ppm ppn
Nitrate N Nitrate N Nitrate N

Calcium

Magnesium

Sod iun

Sulphate

Chloride

Bicarbonate

2Nitrate N

79.4

5,6

r,5

I20

Nil

303

345

96]-,5

1BB3

676

r938

Nil

303

345

987,5

1883

676

7339

150

303

345

96t+.5

1883

6ß

755

300

2560

1938

Nil

2560

755

300

30330)

5,6 5,6

7684,5 1687,5

I

2

Ion ce¡lceûtration given in PPn

Nlitrate in the forrn of nitrate-l{ rather than the nitrate lon forn
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0n days 24 and. J1 blood sannples were taken and lmnecllateiy

anaþsed. for methenoglobin content" At the ternlnatlon of Experlment

If, two plgs per treatment nere sacrlficed. wlth llver samples, kldney

welghts and kldney sections obtalned and. treated as ln Experinent I"

EXPERI}ßNT IÏI

fn May lg?to 16 weanllng plgs averaging 4 to 5 kg lnitlal

weight were subjected to erperimental cond.ltlons for a slx week

period. to a final neight of 20 kg.

No blood- samples were obtained.u but upon completi-on of the

experirnental period.o two pigs per treatnent were sacrificed. Liver

samples for vitanin A analysis, kid.ney r'teights and- kid,ney slices for

histological examination were collected..

EXPERÏMEN TV

In August I9?1, 36 piSS initlally neighing between 4 and. J kg

were kept on experinent for a perlod. of three weeks to an average

fi-nal weight of P kg"

EXPERÏJ{EI\T V

In October l.!7l , J4 pigs initially weighing 4 Lo 5 kg, from

two sources, were kept on experinent for a sjx-week period-, to an

average final welght of 18,9 kg, The 27 pigs fron the Glen1ea

Research Stat,ion cousistecl of l-6 pÌ.gs having received. a chloride

r.¡'ater (4500 ppm total solids) before weanlng, the remaining 11

pigs recelved, water fron the Hinnipeg water supply d.uring the

three weeks prior to lnltiatlon of the experlment, Thls group of
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plgs represented one replicate, lthlle Lhe 27 pigs fbom the campus

herd. formetL the other repllcate,

CU I\MTABOLTC CAGE STUÐY

Elght bar¡ows fron two lltters inltlalþ weighing an average

of 5"2 kg were allotted. accordlng to litters to the four water

treatments, ûver the five-week experirnental period-, pigs were

housed in wire mesh cages, as descri-bed by Be11 (fg+g), equipped

with blte t¡re rraterers (tfeure Z) for three-oerÍ-ods of 1to /, 8

to 14 anð. 29 Lo 35 days. For the remainÌng two, days IJ to 2I

anð, 22 to 28, pigs were housed. in separate pens, according to treatnent"

Average final weights at the end. of the experiment peri-od were

16.1 kg. Water ¡ras avalLable tad- libitumrfrom a 2) Ii-ter metal con-

tainer attached. by a rubber hose to the bite waterer" Feed. was

available tad. libitumt except when pigs were housed. in the wire nesh

cagesu at which ti¡e feed. ¡+as avallable twice a day" Performance

data r¡ere collected. as d-escribed. ln the weanling pig experirnents.

In add.ition blood ¡+as collected on Day 1,J and. analysed. for percent

hematocrlt, sodium and. potassiun ion concentratlons,

Analysis for sod.ium and. potassium was accomplished. usÍ-ng an

auto-analyssrTechnicon J1 (modeI AA11 -07) for flane photonetry"

Daiþ urj-ne vol-umes lrere reeord.ed. and a representative aliqu.ot re-

tained. and. frozen for analysi-s of sodiu¡r and potassium by the method

described. aboveo Feees were collected. d.aily with representative

amounts frozen anri. retalned. for analysls. Samples collected. on

odd- numbered. days were ana\rsed for dry nratter percent, percent ash,

sodium and. potassiurn IeveIs. Dry natter percent was accomplished. by freeze
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MW

I'ietabolic cages
in the

wlth attached
netabolic cage

bite waterers
study

)
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drylng the feces l-n a Vlrtls t'reeze Dryer" Ashlng vlas accompllshed-

in a furnace at 5000 degrees C for 1J minutes, Analyses for sodlum

anrl potassiurn l+ere ca::rlecl out using two rnethods. To the ashed

samples five nllliliters of double distllled (deminerallzed) water

were addecl and. the samples shaken for 24 hours. Feces collected on

even nunbered days were subjecbecl to a Carver Labora'bory Press

(tioaef C) (fi€îure l), fron whlch the expressed juíce was collected,

d.iluted and analysecl for sodium and potassium.

DO SO1,IS A}ÍD I.IURSITTG LITIERS

EXFERII\ENT VI(a)

Ðuring september I97I, 12 sons were raudornly al1oJ..t.ed t.o bhe

tl+o r.¡ater treatments; control (t'linnipeg rn¡ater supply), or a natural

chlorid.e well water (table 4), Sows v¡ere allor¡ed access to r¡ater

ad- libitrr¡r fron at least one week pre farrowing through a three-week

nursiug period. Nursing pigs had the same. Da.ta were collected with

respect to litter size at birth, birth weight and weaning weight,

Sows were fed twice a d.ay but no creep feed was available to piglets'

Sov¡s were housed. in fagowing crates in a minimum disease, total

confinenent barn'

EXPERII'1¡]I{T VT(b)

rn Januaryu 1972, ten sows l,¡ere randomly allol,¡ed to one of the

two water treatments deseribed. in Experiment VIa. Data collected

were identical to those reported in Experiment VIa.

EO GENERAL

All statistical analysis was done by the nethod- of Steel and

Torrie (fçOO) " All rations for all experiments with weanling plgs
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Flg, 3" Carver laboratory Press
analysis of the

used to squeeze feces
expressed julce

for
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Sow ratlons contalned. notcontalned. 0,5%

more than O,Z5/"

traco mlnerallzed salt"

trace mlneral-ized- saltu

Table 7

Analysis

1

I.IÄTI]R ANALYSTS OF T}E

Il'l THE S0ll NURSING

I.IATER TREATI{ENTS USED

LITTER EXPERII'TENTS

Glenlea i'later I'linnipeg Water

Nitrate

Calcium

Magnesiun

Sulphate

Sod-ium

Bicarbonate

Total Dissolved
Solld.s

Ni1

L44

63,2

550

2000

254

Ni1

2T

5,8

Ni1

L"5

707

t254500

Expressed in ppm
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NJJSULTS AND DISCUSSION

A" WEANTING PIG EXPEFIMENTS

EXPERII'{IINT I

No slgnificant dlfferences wer€ observed. ln rate of galn between

treatnents (talte B). Nelthe:: feed consumption nor feed. efficiency

shol+ed apparent ad-verse effects to sulphate r¡ater treatnents elther

alone or in combinatlon with either 150 ppm or 100 ppm nitrate-nltrogen

(falte ! and. 1O respectively)" lJater consumption showed an increase

over the period- of experimentation in all treatnents with a marked

d-ifference between the highest l-evel of nitrate and. the other two

treatments (taUte 11)" Levels of scouring l^Iere four, four, and five

scour d-ays for the water treatments sulphate r sulphate plus 1J0 ppnt

nitrate-nltrogen, and- sulphate plus J00 ppm nitrate-nitrogen respec-

tlvely. Scourlng was limited. to the inltial week of experlnento

Methemoglobi:n (%) blood- IeveIs are not significantly dlfferent

among the treatrnents, No lncrease in % nelhenoglobln occurs with

lncr"easing tlme on experiment (TabLe t?), Liver Vitamin A leve1s

ind.icate no conslstent treatnent variation (fatfe 1l) which aglîees

with results obtained by Seerley et al (tgîS) using id.enttcal levels

of nitrate-nitrogen. Similarily kld.ney weight as a percent of ¡¿arm

carcass weight reflected. no change in any of the three saline water

treatnents (tatte 14 (a))" HistologlcalJ-y kidney sections were normalo
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Table B" Âverage Dally Galn of
Per Dav

Plgs on a ltleekly Perlod. ln kg

tr.leek Sulphate Sulphate plus
I50 ppm Nltrate-Nltroqen 300

Sulphate plus
ppm Nltrate-Nitrosen

L

2

3

4

5

ove rall

uJo

,47

"60

,d*

,58

,53

,34

,42

,59

<r',.)t

.64

"5L

,32

,46

.50

.55

.58

"49

Analysis of Variance for overall average d.aily gain is reported. ln
append.ix Table 2,

Table 9, Feed Consumption of Plgs ln Experiment I on a Weekly
Period in kg Per DaY

Week Sulphate Sulphate plus Sulphate plus
I50 ppm Nltrate-Nitrogen 300 ppm Nitrate-Niti:ogen

I

2

3

4

5

overall

"46

1,16

1,15

1, 00

r,45

1.05

,47

r,19

L,3)

,99

r,47

1" 09

"50

1.00

1.01

"gB

I,3)

0,95
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ra¡te lQo-- rgeg llfflcieney o{ Pisl 1n-l$ægllglr;- I ,f.#g:$/kg S"iC
Ideek Sulphate Sulphate plus Sulphate plus

1J0 ppm Nltrate-Iiitrosen 300 ppm Nltrate-Nltroeen

1 1,15

z 2,60

3 r.94

4 L,63

5 2,50

overall I,99

I "40

2 "82

2,28

1,7)

2,32

1" 60

2,16

2,00

1. ó0

2,30

2,II L.94

Tabl-e 11" llater Consumption of Pigs i-n Expertment I Reporled. in
Liters Per Day

I,leek Sulphate Sulphate plus
1 50 ppm Nitrate-Nitrosen 300

Sulphate plus
ppn Nltrate-Nitroeen

1 2"08

2 2.06

) 2,63

4 ),64

5 ),27

ove raIl 2 ,78

2,07

2,09

2,6r

3,56

),79

2,97

2,24

2.24

3,r7

J,96

4,34

i"24



Table 12. Percent i'fe

40

themoglobtn ln Plg 3lood for Experiment I wlth
les Selnc Drawn on Days 20, 27 a.nð.34,B1oocl Sa.mp

Day sample 1 srlphu,t"
I'lo

Sulphate plrrs Sulphate irlus
ìlitrate-l'll.trogen 300 Nitrate-Nitr

3

lt

20

2,0

2,6

2,3

l-,7

2,7

2,3

2.3

1,8

1.8

oa

L,3

3,8

mean 2,r5 2,27 2"30

3

4

2'7

L,2

1"0

4,j

2,0

2,0

2,5

2,0

1"8

3,6

2"r

L,7

õaL¿ )

2,43mean 2,A3 2,08

34

2

3

l+

0.9

L,9

o,2

0,6

1.0

0

1"6

L,6

0.9

mean r.43 0,93 A,7 5

Blood- was drawn fro¡n four pigs per treatrnent on each d.ay of sarnpling.
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Table 11" Liver Vltamin A Levels (ug Vitamin A/.e¡ Liver) Obtained Upon

. _ sacrifið.e. of Piãs_in Experiment I
Sample Sulphate Sulphate plus Sulphate plus

150 ppm Nltrate-ilitrosen 300 ppm Nitrate-Nltrosen

32"25

48"82

3l-,47

"?g

24"57

1

'Two pigs per treatment were sacrificed. at the end of the Experiment I

Table 14" I(id.ney Size as a l4easure of Effect of Saline I/ater on Kid.ney
Function, Measured. as a Fercent of ì,larm'Carcass 'llleight,

(a) ¡xperiment I
I

Sa.mple" Sulphate Sulphate plus Sulphate plus
llo. 150 ppm llitrate-l{itrogen 300 ppm I'litrate-ì{ltrosen

' 5l+

,ó0

,57

.ór

1

z

,63

"5)

(b) Erperiment II

Sample Control
No.

Sulphate Sulphate plus
l-50 ppm N03-N

Sulphate plus
J00 ppm N03-1i

"40 "49 "+2

,47 '5j ,54 "45

,50

(c) nrperiment III

,40 "5+

'49 ,52

'48

,57

"48

,49

Two pigs per treatment were sacrificed. at the end. of each of the
three experinents I, II, IIL
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EXPERIMENT II

seourlng was of major lmporlance ln Ìrìxperiment rr although

vlrtually aLr treatments lncrudlng the control were affected. to a

slmllar degree (rarte t5) " scourlng in thls instance was not con-

flned to the lnitial perlod u and was of a cllnicar nature wlth

severe loss of cond,ition among the pigs infected. scouring here

was diagnosed as betng due to Esherichia Coli and vj-briosis,.

scourlng during the final 1-week period. is refl-ected. in the average

daily galn, (talte 16), average daily feed- consumption (falfe f7)

and f,eed. efficiency (ralte 18), reported. for that period " Arthough

there is a d.ifference in average daily gain d.uring the final period.o

no signifj-cant d.ifferences were recorded. over the entire experimental

period., l.later consumption (Table 19) ind.icates a consistent d.tffer-

ence between the control treatment wlth a lower intake than the saline

water treatments"

llith respect to liver vitamin A stores (faUte 20), there ls a

tendency for lower values for pigs receiving 100 pprn nitrata.N,

This find-lng ls comparable to results obtained by Garrlson gæl
(tgOO) using nuch higher level-s of nitrat*t't, Table 1{(b) indicates

the relationship between kid.ney weight and- wann carcass weight, and.

there is no tendeney towards higher percent kid,ney weight with the

saline water treatments as conpared to the control treatment,

Although there l¡Iere no significant differences between methemo-

globil level-s for the contrcl and sulphate treal,ments compared to the

sulphate plus Il0 ppm nilrate-nitrogen or 100 ppm nitrate-nitrogen

treatments there ís a trend toward higher levels jn the pigs.on the

sulphate plus nitrate-nitrogen treatments (fante "2I).
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Agaln hlstologlcal examlnatlon of kldney tissue lnd.lcated. no

change ln structure due to sallne water treatments.

Table 15. Scourlns in PIgs jn lJ,xperlment II lnPlgDays

Perlod. Control Sulphate SulPhate
plus 1!0

ppn
N itrate I'l

Sulphate
plus 100

ppm
Nitrate I'l

I

2

3

+

5

6

Tab1e 16. Average Dal1y Gainl over 1- irleekof Pigs
rimentaf

77?7

Periods for the

Period-

ration of the Ex

Control Sulphate

Period. in Per Da

Sulphate
plus 1J0

ppm

Sulphate
plus 300

ppm

Nitrate N Nitrate N

I
2

3

I+

5

()

overall

.08

,32

,+3

"53

,54

.42

0

,23

"36

u44

"63

"32

"02

,32

,?7

.38

")b

,39

.04

"33

Ô5

,46

.61

.ó0

40

lAnalysls of varlance between
Table l

treatments ls reported ln append-ix
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lable 1/. Average Dally Feed Consumption ¡s¡ PIgs ln lìxperlment IÏ

Perlotl Control Sulphate Sulphate
plus 1J0

ppm
Nltrate N

Sulphate
plus 100

ppm
Nltrate N

1

2

3

4

5

6

overall

,22

'57

"69

1,05

r,22

L,07

"80

,22

,ô0

"73

.90

1. r0

r"02

"75

,12

.)b

,65

.84

ot7./t

1,27

"7I

"22

,43

,65

,94

1.09

L.T2

"74

Table 1ö. Feed. Efficiency of Pies on

Period. Control Sulphate Sulphate
plus 1J0

ppm
Nitrate N

Sulphate
plus J00

ppm
Iiiltrate N

1

'2

3

4

5

6

overall

2,7

I,72

r, ó0

2,oo

2.27

2,54

2,07

2 "67

2,oz

2,05

L "74

3,22

2, jj

5,60

I,73

?,39

2"22

L,73

3,25

2,26

5.50

1. 3l

1,ug

2.02

L,79

1 ,96

1 .86
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TabLe L9, Water Consumptlon ln Llters Per Day of Pigs
Initlallv l'lelehlne 4-5 kq ln llxperlment II

Pe rlod. Control Sulphato Sulphate
plus 1J0

ppm
Nltrate N

Sulphato
plus J00

ppm
liit::ate N

t

2

3

4

5

ô

overall

.óó

1,04

r,59

2,36

2,62

2,70

1. u3

,78

L,20

r.70

2,84

2,gL

2,79

,79

1.06

2,07

2,86

3,2L

4"36

'79

I,Z)

1. 81

2,54

3,t4

3,86

2.232,0I 2"j3

Table 20. Liver Vitamin A

Experiment If
Levels of Pigs (ug Vitamln A/$Tt Liver) in

samplelNo. Control Sulphate Sulphate
plus 150

ppm
Nitrate Il

Sulphate
plus 300

ppn
Nltrate N

81.0¿t 48,70

Samples taken from fivers of two pigs sacrificed at the termination of
Experiment II.



Table 21" Percent }lethemoglobl# j-n Blood. for Experlment

h6

ïf ¡¡lth
Bloorl Sarnples Belng Dral.rn on l)ays 24 and 3I

Day Sanple
ltro

Control Sulphate Sulphate
plus 1J0

ppn
llitra.i.e N

Sulphate
plus 100

pplTl

Nltrate N

24

I

2

r,3

0

Ll,3

I,7

0"9

r,6

6,6

3.7

10. 3

4.r

0

10.9

T.B7 1. 30 6.6? 5,0

37

11"40

0 1,7

3.9

11.,3

2,9

4.8

7,1j 5,2 2,r r,9

2.20 1"27 3,37 Lþ"9)

1,

Analysis of variance i¡r appendix Tab1e 4

t-Bl-ood drawn from three pi-gs per treatment on the sampling days.
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EXPERTIIMI'N TIÏ

Overallu average ¿ai1y gatn (tat¡e 22) was not signlficantly

d.lfferent for the four water treat¡nents used, Nelther feed con-

sunrption (taUte 23) nor feed efflciency (tatfe Z4) tnrllcated. any

d.lfferences attrlbutable to sallne water treatments. During the

initial 3 weeks on experi:nent control pigs exhiblted. a trend tov¡ard

lower water consurnption relative to saline water plgs as noted in

Erperinent If" The opposite l.ras true (tabì:e 25) in the last three

weeks, Scouring presentecl no problern, Initially, the plgs

receiving the three sulphate nater treatnents exhlblted. a dietary

scouring which d-isappeared once the pigs ad.apted. the water change

(tatte Z6). This looseness of feces is reporbed on by Herrick

(lgZt) and is explained as an ad.aptive measure to the laxative

effects of the sulphate in the water.

Liver vitamln A levels (latte 27) d.id. not ind.icate the trend.

to lower levels with the J00 ppm nitrate-nitrogen treatment which was

obvious in Erperirnent II, this find-ing being in agreement with Seerley

et aI (tg6S)o As with Experi:nent T and. TI no treatnent variation

occurred in kidney weight as conpared. to HaIm carcass weights

(falte 14 (c)), Similarlþ histologieal exanlnation of kidney slices

showed no d.ifferences o
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Table 22" Avorage Dally Ga.i"ns of l,feanllng Pigs ln Experlment ÏII
ln kg Per Day

Control Sulphate Sulphate
plus 1J0

ppm
Nitrate N

Perlotl Sulphate
plus J00

ppn
Nltrate N

I
2

3

4

5

6

overal11

.10

,20

"50

,35

.69

,58

.04

,17

"40

.38

,49

,51+

.10

"25

,43

"49

,47

"55

,07

,17

"4j
.40

,47

.40

"40 "33 "38 "33

Analysis of variance between treatments is reporbed- in append'ix
Table 5

Table 21. Feed- Consumptlon of !treanling Plgs in Experiment IIÏ in kg
Per Dav

Perlod- Control Sulphate SulPhate
plus 1J0

Sulphate
plus J00

ppm ppm
Nitrate N Nitrate N

1

2

3

4

5

6

overalL

,27 ,22

"38 .40

'71+

"?9

r,23

,54

,60

I,2I

,29

.37

"73

,BB

L,25

r"23

,27

o)o

.78

,75

r,27

.99r,2g 1.09

,?B ,6? - ,79- .77
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Table 2l!" Feed. I¡lfflclency of l,lean1J.ng Plgs in Experlment TfI

Perl-od. Côntro1'- Sulphate Sulphate
plus 1J0

ppm
Nitrate N

Sulphate
plus 100

ppm
Nltrate N

f.,

2

3

4

5

6

overall

2,62

1, 86

L,49

)22

L.78

2.24

1" 94

5,45

2'39

L,33

1 .60

2 "5r

2,02

2,oz

2.?6

L "46

t,69

T.7B

2,68

2,22

3,89

2 "L7

t.84

I rÕO

2.74

2,u+

2.06 2,20

Tab1e 2J" l,Iater Consumption of i,ieanling Pigs in Experiment III in l,iiers
Per Day

Control SulphatePerioil Sulphate
plus 150

ppn
Nitrate N

$ulphate
plus J00

ppn
Nitrate N

1

2

3

4

5

6

overall

0,66

1.09

1,80

4" 08

2,75

4.00

r,2g

L.27

L,gl+

4"74

2,59

3.6+

.91

t,23

L,74

3.97

2 "59

3.43

.93

r"2g

2 "0L

4.24

2,33

3,t7

2 "332 "40 2,48 2.3r
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Table 26" Scour Days of Plgs ln ilxperlment IIT

Perlod Control Sulphate Sulphate
plus 150

pprfi
l,lltrate N

Sulphate
plus J00

ppm
Nltrate N

I

2

3

4

5

6

0

0

0

0

0

0

5

0

0

0

0

0

6

0

0

0

0

0

6

0

0

0

0

0

TabLe 21, Liver Vitamln A Ievels
Experiment ïII

of Pigs (ug Vitanin A/gn Liver) in

Samplel
No.

Control Sulphate Sulphate
plus 1J0

ppm
Nitrate N

Sulphate
plus J00

ppn

5A,37

56,0?

55,04

6h,83

36.?Z

72,24

Nitra

4.6,0r

7 5,95

Samples taken
of Experlment

fron the
III,

two pigs per treatrnent sacrificed. at the end.
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EXPENTI'{E}IT TV

Ilxperlnent IV lnvolves the lntroductlon of a hlgh chlorlde lon

water treatment and. a chlorld-e plus J00 ppn nitrate-nltrogen water

treatnent, The use of these chloride water treatnents had. no effect

on the trend- of no statistleal d-lfferences ln average dal1y galn

between the water treatnents (talte 28), Ì'lo lncrease in average

daily feed consumption (fatfe Z9) oecuned, Thls consistancy nlth

no increase ln average daiþ galn is reflected- by no real d-ifferences

in feed efficiency (ta¡te 3O), Aside from the initial perlod,

scouring l^Ías nonexistent. The lncreased scouring, (fatfe 3f)

associated- primarily with the sulphate treatment, was not reflected-

i-n poorer gain, feed consumption or feed. efficiency and. hence repre-

sents a looseness of feces without loss of condition of the ani:nals

lnvolved.. tr'later consumption (tab1e 32) for the control group of pigs

was lower than that reported. for the saline water treatnents substan-

tiating the trend- previousþ reported in Experiments II and ÏÏÏ"
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Table 28n Average Dally
ln ks Per Day

Galnl of Weanllng Plgs ln Experlment IV

Perlod Control Sulphate ChlorId e Chlorld e
plus 100

ppn
Nltrate N

1

2

3

overal-1

,07

"18

,32

,19

,47

,1ó

"30

,18

.11

"16

,29

10

.07

,17

,29

,18

Analysis of variance between treatments reported in append.ix Table 6

Table 29, Average Daily Feed. ConsunLptlon of lrreanling Pigs 1n
Experinent LV in ke Per Day

Perlod. Control Sulphate Chloride Chlorlde
plus 100

ppm
Nitrate N

l_

2

3

overall

.22

,38

,75

,45

.23

"38

"66

,42

.25

"58

,53

,45

"22

,38

,ó1

.40
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Table 30" Feed llfflclency of Þteanllng Plgs ln Expe::inent, IV (kg feed&q gatn

Perlod Control Sulphate Chlorld e Chlorlde
plus 300

ppITr

Nltrate N

l_

2

3

overall

3.00

2,!2

2,31+

3,)7

2,37

2,24

2"4r

)10

3,58

T,85

2,4r

),t6

2,26

2"09

2"282

Table 31. Scour Days for Plgs on Experiment ÏV

Period Control Sulphate Chlorld.e Chloride
plus J00

ppm
Nltrate N

2

0

0

1

0

0

5

0

0

0

0

0

1

2

3
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Table 12" Water Consumptlon of l.Ieanllng Plgs ln Experlnent IV ln
Liters Per Day

Perlod Control Sulphate Chlori-rle Chlorlde
plus 100

ppm
Nltrate N

1

2

)

overal-1

,63

,67

1"I2

.80

1.01

1.08

L,64

t clt

1. 06

1. 10

L,49

I,2I

1" 01

.gB

r,44

1, 14
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I!'XPERII{INT V

Tab1e 33 represents the average daily galn of pigs on the

experlmental treatrnents. No significant d-ifferences occurred between

treatments. I,iithln the group of plgs from the Glenlea Research

Station, 16 pigs were pre-cond,itioned- to saline water by being a11or'red-

access to the high chloride natr:ral well water (used. in ilxperlment VI

with solrs and. mrrsing litters) auring the nursing period, As conpared

to the renaining 11 pigs fron the Glenlea Research Station there trere

no significant d-ifferences between avelage d-aily gain for the two

groups (falfe 34). No d-ifference in scouring nas observed betr¡een

the two groups origina-bing from Glenlea Research Station,

On examination of the whole experirnent, results ind-icate no

differences j-n average daily feed consumption (ta¡te JJ) and- feed

efficiency (tatfe 36). llater consunption (table 37) generally iIIus-

trated the previousl-y nentloned, trend toward. lower ¡+ater consunption

for the treatrnent receivlng the control r^¡'ater. Scouring (tatfe 38)

occ¿ped d.urilg the first week of the erperi¡rent but again was not of

a clinical nature and. cou1d. not be attributed- to the saline water

since both control treatments were involved'



Table 33. Average Daily
ChÌoride plus
(w:rrnipeg) or
Day

56

Gainl of Pigs on Control, Chloride, and
100 ppm Nitrate-Nitrogen frorn either Campus
Glenlea Research Station 1n kg Per

Source of
Piqs

Control Chl-oride

fJpg. lrlater Gl-enlea lnlpg. Glenlea

Chloride plus
300 pp'n1 Nitrate N

Wpg. Glenlea

Period 1

Period 2

Period 3

Period /¡

Period 5

Period 6

overall

.09

.a (

.l+3

.l+3

.51+

"53

"38

"20

"27

.3/,+

.51+

"5h

"3L

.14

an¿) [

.Jo

.50

.52

'31+

"o5

.L3

"32

.29

.l+7

"38

"27

"L4

.r5

"39

"26

" 5l+

.31+

"31.

.10

"22

.l+3

.36

"59

.57

"38

"003 '1-l+

1.-Anal.ysis of vari¿nce
rable 7(.)"

between treatments reporbed in appendix



Table 34. Average
cl-lv_ì-ded-

57

1

Daily Gaj¡r * of Pigs from the Glenlea Research Statlon
¿q

Control

conbro12 sari¡re3

Chloride plus
300 ppm

Nitrate N

Sali¡e Control Sali:re

Chloride

Control

Period

Period

Period

Period

Period

Period

1

1

)

l+

5

6

0

.I5

"27

"27

"52

"t8

"o43

.22

"28

"36

"16

.65

.ol+9

,L2

,31

?c

.l+6

.34

.Ol+5

.f4

"))

"28

.l+7

.41

"07

.20

"l+2

.3L

"l+9

.55

.065

"29

'L+5

"37

.55

"59

1.
Ana.J-ysls or variance between treatments reported in appendjx TableZ (b)

Refers to same water source (W:nnipeg l{ater Supply) as is
used as control for all Experiments.

- Refers to natural well water as described i¡r materials and
method for Experjment Vf Sow and Nursi¡rg Li-tter Experiment'

2control

3suli',"
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Teþþ :å*@ of-Pigs j¡ Experj¡regþ-\I-il kß*Eer.-ntg

Control Chloride Chloride plus
300 ppm Nitrate N

Source of

-ll:tq= 
- - 

I'Jpg. w.t". GI

.16Period 1

Period 2 .l+6

Period 3 "5h

Period 4 1.06

Period 5 I.O5

.29

"38

.50

"74

.89 .99

1"08 1" l-l-

.Ì9 .20

.40 "37

"I+7 .l+7

"73 "7t

"76

.92

"22 .22

"39 .40

.l+3 .60

"7r "93

"76 r.o3

"8'l .90Period 6

overall

L.20

"7 5 "65 .65 " 57 .56 "68

Table J6, Feed. Efficiency çf ,Pigs on ExperiÍrent V

Source of
Pies

Control

lrlns" Idater Glenlea

Chloride

lnlpe. Glen]-ea Wpg. Glenl-ea

Chloride plus
300 ppm Nitrate N

Peri-od L

Period 2

Period 3

Period d

Period 5

Period ó

overal-1 L.95 2 "O5 r"93

L"54 2.22

2"63 1.80

L.O7 I.l+2

2"76 2.60

1,"1+3 t.7l+

2"60 L"5g

1"86 1.81

L"76

r.68

r.25

2"1+8

1.95

2.26

10.9

1.89

1.87

2.22

I.6l+

2"1,L

"33

2"95

L.27

2.Ol+

1.99

2"!5

l+"3t

2"83

I.l+6

2.39

r.63

2"1+2

2"O9
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Table 3?. Wate_r !,_onsump9igl of_l¡leanlillg_3ißs ín_Expgrj{.cjl! -V 
ln Llters Per Day

Control Chloride ;,. Chloride plus
300 ppm Nitrate N

Source of
Pj-r:s ltlps. llater Gl-enlea Wpg" Glenlea -ìtrpg. Gl-en].ea

Period 1

Period 2

Period 3

Period /¡

Period 5

Period 6

overall

,6r

,78

1.48

L"75

2"r3

2"35

'56

"67

1"13

1". L+l+

l-.88

2"29

.71+ ,69

"86 "7r

L"37 l_.00

r.5t r"zl+

2.Oh 2.1O

2"71+ 2"39

L"65 L"89

.7b

"85

L.g2

2.3o

?.7e
7.75

.83

"94

T"2B

2"r3

2.50

L " 52 1"33 r " 5t+ L "35 1.56

Table 38. Scouring in Weanljlg Pigs o|r Experi¡ent V i¡ Scour Day-g-
Control Chloride Chlori-de plus

300 ppm Nitrate N

I'Ipg. Glenleaftipg. GIenIea

Period 1

Period 2

Period 3

Period 4

Period 5

-/Perr-od b

1

1

I

1

I

1
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B" }IETABOLTC CAGE STU]]Y

l,ltth reference to the perfi.rrmance data collected, no signific-

ance was found. between treatment d.ifferences for average d.ally feed

consunptlon (taure 39) or for average dally gain (Taule llo). Like

previous obseryations water consumption (Table ll1) showed a sllght

trend, toward lower water consurnpt:ion for the control group ;vi'¿h the

d.ifferences be'tween treatrnents not significant. Scouring (tatfe 4Z)

exhibited. the trend towarcL a d-ietary looseness among the saline

water treatnents. Agaln it appeared- a matter of adjustment to

treatnent since scouring only occurred during the ti¡res of naxi-rnum

stress d-uring the period.s spent in the netabobic cages. The d.iffer-

ence in scouring l.¡as not reflected- i-n a change in feed consumption

or average d.aily gain.

't,trith respect to the blood picture the hematocrit values (falte

4l) showed. no d.ifferences between treatments. The small number of

samples and variation within treatments for plasma sodium and plasma

potassium values negated some apparent treatment differences.

Urine volurnes (talte ry'l) were not signifieantly different for

treatments, The sodiuär exeretion (mtfe 44) ¡v the kidney was

signiflcantþ greaterl for the saline treatments compared to that

excretecl by the control, indicating excess sodium was elimj:rated

from the body by means of the kidney. As well as significant i¡r-

creases in urinary sodium ercretion between treatments, there was
1tDiff"r"trtiation of means using a Duncants multipl.e range test Control-"wáter treatments significantty different (p{.dt) from the sali¡re

water treatments.
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a significant increase (f4.01) i¡ urinary sodium exretion with

succeeding periods regardless of treatment. Urinary potassium

(taUte 44) tevels of excretion could not be differentiated with respect

to treatment"

No statistical differences occurred in fecal- dry matter percent

although alt sali-ne water treatments had lower percent dry matter

than the controls.

Analysis of the feces for percent ash lfaUfe 45), showed no

significant differences between treatrnents. Fecal potassium leve1s

(taUte 45) did not vary with treatment. Although tr,vo methods were

used j¡ obtaining samples for analysis of fecal sodium, statistical

analysis of the two methods i¡dicated no significant difference

between methods. There r¡Ias a significant difference between days

withj¡r methods of sampling but no difference between water treatments.

Drring period 3 the fecal potassium excretion was lower than values

obtai¡red for periods l- and 2. No ready explanantion is available

for this observation.
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of Plgs in l'letabo1lc CageTable 39. Average dally fee.d1 consurnptlon
studY (kgPer DaY)

Control Sulphate
Sulphate plus
1J0 ppn Ni'brate

N

Sulphate plus
100 ppm Nitrate

N

Period

Perlod

Perlod

Perlod.

Period.

overall

1

2

3

4.

5

,23

,37

.5I

,45

.86

.48

,25

.38

.37

,50

"Bó

"47

,20

,3)

,3+

")6

"83

.41

,26

"35

.33

1.0r

,B+

,56

lAnalysis of variance between treatments reported. in Appendix
Table I
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Tablo 40" Average dall-y galnslof Plgs in I'fetabollc Cage study on a
weekly basis (kg fer nay)

Control Sulphate
Sulphate plus
1J0 ppm Nltrate

N

Sulphate plus
100 ppm Nitrate

II

yerLocL r

Period. 2

Period. l

Period- 4

Period !

overal-1

,08,16.to

.18

,36

.11

,23o1
ø Ll

?o

,26

,5r

.48

,29

,33

,35

,l+7,69

,21

,34

,57

,20

,28

"3t

"30

lAnalysis of Varlance between treatments reported in appendix
Table 9



Table 41. Âver:aqe daily
study (titers

water consumptionl
Per Day)

6h

of Pigs ln Metabolic Cage

Control Sulphate
Sulphate plus
1J0 ppm Nitrate

J\

Sulphate plus
300 ppm l{itrate

N

Period 1

Period 2

Period l

Period 4

Period J

overall

1, 13

7,33

1,60

2,26

2,23

L.7T

r,63

7.54

2.04

2,55

2,67

2,09

r.47

I,22

1 ,48

2,02

4,06

2.05

1. 10

1,25

I"4T

2,40

2,60

L,75

Analysis of Variance between treatments reported in appendix
tabl-ê 10



65

Tabl-e 42" Scour days of pigs ln Metabollc Cage study

Control Sulphate
Sulphate plus Sulphate plus
1J0 ppm Nitrate J00 ppm Nitrate

NN

Perlod 1

Perlod 2

Perlod l

Period 4

Period. I

4

4



Table 4J. Analysls
Vena Cava

66

Obtalned. by Puncture of the Anterlor
the t4etabollc Cage Study

of Plg Blood,
on Day 1J of

ControL Sulphate Sulphate plus
1J0 ppn

Nlt::ate N

Sulphate plus
100 ppm

Nitrate N

Hematocri'" 31"7 5 t O "Lþ3(Percent)
29.63!O"52 3L"75 3 1.01 31-.r3y 1,.52

Sod"ium
(serun')
(meq/r)

Potassiurn
(serum)
(n'eq/r)

140.05 ! 1..t+3 ].¿:O.55!1.50 1-t+6"o5! z.5g L52"O5r 6.77

L"gov o;37 l+.92Y O.2t+ l+.13Y o,52 4.80f 0.34

Blood sanples d.rar¡-n from all pigs in metabolic cage studY.

All values are mean values for the tç'o observations per treatment
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Table l+b" Irietabollc Cago Study¡ .Urlne Volurnes and. Urinary Bxcretlon- 
of .Sod.lum and. Potasslun ln ne.¡/Day"

Perlod

Control Sulphate Sulphate plus
1J0 ppn

Nitrate N

Sulphate plus
J00 ppnt

Nltrate N

.cUTINE ç
Vofumes

t 1v73,57 385,7I

2 369,29 479,6t+

273.57

396,1+)

r075,77

266.79

4.66.07

876.07j 968,57 978.2r

overat-l 593 "L7 ! t23.9 594.522 L3t"6 573.8O2' I7l+"5 58t+.609 LIZ.7

Urinaryq
Sod-ium -
meq/daY

7,26

23,84

72,88

36,65

58,M

1"28,20

r7 "76

74.89

TJg "I

25.06

86.2?

r45,

overal-l- 35.33 y 3r*.* 55.V7 t 3L,zB 77.27g 3ì*.28 92,L23 3t*'28

Urinary 4 1

Potassiun
neq/¿ay 2

) 59 "g+ 56,1+ó þ8.85 63,9L
overall 51.7!t t+.4 56"591 10.6 h5.332 5.7 73.933 2L'l

1

Perj-od-s L, 2 anð. I represent the J seven d.ay periods plgs were in
netabolic cages"

2
Analysis of variance for urine volumes reported in append-1x Table 11

3
Analysis of variance for urlnary sod.iuin reported. in appendix Table 12.

Salj¡e water treatments significantly greater (P "01) than control
water treatment"

4
Anaþsls of variance for urinary potassium reported in appendix
Table 73

50.30

40,oz

79,19

33.48

37,36

49.77

63.28

4r"9L



Table 4J. Metabollc Cage Study: Anaþsis of
Itlatter, Percent Ash and. Sodlum and.
neq/ùay

68

Feces for Percent Dry
Po't,assiun Excretlon ln

Period

Control Sulphate Sulphate plus
1J0 ppm

Nitrate N

Sulphate plus
J00 ppm

Nltrate N

Percent 1
Dry I'iatter 27,4II

28,Lt3

25,94

T

2

3

22,33

19,42

25,35

Ig.I0

19,30

20.69

26,38

20.57

24,16

overall 26 "2291"9L 22"8 ! 1.40 19 "nz I"n 23.999 L.]*O

Percent
Ash2

12,26

20,42

13,90

15,76

t1 0)

73,20

t4,gL

18.68

73,5L

14,77

24,75

L6,90

T

2

3

overall 75.O9t L..99 1,6"50t t.83 15.ß9 r.38 18.Ogg 2,06

Fecal
Sodium ^ ,

. )t4-íercent
neq/day

20,54

28.79

77 "59

62.65

80.00

18,04

54,44

59 "BB

75.34

47,20

65"78

76.69

T

2

3

overall 21"96y .29.61. 52.67 t 29 "6L t+2.81x 29.61- I+2.t+gX 29.61

Anaþsis of variance reporfed- in append ix Table Ll+

Analysls of variance reported. in append.ix Table

)
Anaþsis of variance reporLed- in append.ix Table 16

taFecal sodium and potassium done on the odd numbered days are from the
ashed samples whereas those done on the even numbered daysare lrom the
expressed juice method of collection

L5



Table llJ"
(cont)

Itletabollc Cage
Matter, Percent
neq/aay

Stu(y: Anaþsls of
Ash and- Sodlum and

69

Feces for Percent Dry
Po'basslum ['xcretlon ln

Period

Control Sulphate Sulphate plus
1J0 ppnr

Nitrate N

Sulphate plus
100 ppm

Nítrate N

Fecal 5
Potassiun
neq/aay

94,22

85"4r

68,oz

TL?,74

83.3I

5l-,32

II5.oI

58,74

52.9r

95.61

74.90

5r"54

1

2

3

overall 82.1+935"S 82.63 ! LL"6 75.ç69 n.ç 73"99X 1o.9

5
Analysis of variance reported. in append.ix lable 1f
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C" SOW AND NURSTNG LTTTEN EXPI]RII'MNTS

Average d.aiLþ gains for plgs 0 to 3 weeks of age recelving elther

water from the l{tnnipeg water supply or the Glenlea r¡eII water showed

no si.gnificant dlfference d.ue to water treatnent in either Experiment

VI(a) or ExperÍment VI(b). Data from Experi¡rent VI(a) and. VI(b) (Table

46) indicated. that with respect to average weaning weights there ltere

no d,ifferences of any nagnitud-e between pigs on elther treatmenL.

Ir{ortality appeared to be an i:nportant factor in Experinent VI(a)

but the d.ifference between treatments r.Ias not supporL'ed- by the results

of Experiment VI(b), Although mortality appeared quite a factor in

Experiment VI(a) a closer look at the ind-ivid.ual sows indicates no

trend. torerd. higher mortality d.ue to saline water treatments since

the perforrnance of the sows i-s consistent with previous litters.

Since young nursing pigs have access to milk it is unlikely that

their consumption of saline waters would. be very high" Àccord-ing to

Barber et al (L964) water consumption norrnally is extemel-y low anong

nursÍ-ng plgs d.uring the first three weeks of life" Since pigs w111

normally drink fresh water in preferenee to saline water (Helter

1933) n¡rsÍ-ng pigs are apt to rely on mi1k as their source of water'
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Table 46, Da'La from Sow and. l\h-rrslng_Llt"le¡_Experinent, VI(a) anrl (b)

irlinnlpeg trrlater Glen1ea Water

Experiment Vf(a)

Number of Littersl

Number of Plgs Sorn Alive
Psr Litter

Nunber of Pigs l,leaned- Per
Litter

Average I'treaning l.leight (kg)

Average Dally cain (t<g) 2

Mortality

Total llu¡rber of Pigs Born

ExperÍment VI(b)

Number of Litters

Nunber of Piç Born Alj-ve
Per Litter

Number of Pigs Weaned. Per
Litter

Average l^leaning l,ieight (kg)

Average Daiþ cain (kg)

I'lortality

Total Nu¡rber of Pigs Born

8.8

5,8

0"2L

1

4S

one frorn each replicate

Experiments VI(a)
1-Ç respectively.

5

8.60

8.20

6,r

0,22

2

43

8,0

5,9

0,2!

2

34

6

8.50

7,00

Ab

0,I9

9

51

4

9.09,5

1
'fiiro sows from the l,linnipe,g water treatments,
(a) ana (l), failed to produce lj-tters.

2Analysis of variance of average daiJ-y gai-n for
and (l) are reported j¡r appendix Tabl-es 18 and
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Table M" Data fYon Sow and Nurslng Lltter-Experlment VI(a) and-(b)

(cont) I{innlpeg Water Glen1ea Water

Overal1

Number of Lltters

Nu¡rber of Ptgs Born Alive
Per Lltter

Number of Pigs I'treaned Per
Litter

Average i,Ieaning l,Ieight (kg)

Average Daily Gain (kg)

Total Mortality

Total Nunrber of Pigs Born

9

8,56

8.11

6"0

0,2I

4

77

11

8.73

7,82

6,1

0" 20

10

96



73

DO OVTMATT

Unlllce results fro¡n research by Stothers (tgeO) anrL stothers and.

IàImer (tç6t),who u.sed. hlgher levels (f0,000 ppm and up) of total solids

on larger Pi3sr no significant d.ifferences in average d.ally gaÍ-n occurred"

No feed. consunption and. feed- efficiency d.ifferences occur:red between

saline l+ater treat,ecl pigs and- those receivirr6 control water., i{o treat,-

nent c.ifference-q in average d-aily gain, feed. consumption and. feed.

efficiency agree ¡tj-th r,rork by Stothers (tgfO) in '¡hich slightly older

(3 to J r'reeks) and heavj-er (6,& ke) pigs received. a sulphate r,rater

cont,ai-ning approximately 2000 ppn total solid_s,

Si¡rilar to the Stothers (tgZO) r+ork, scouring created- no serious

problern, There lras generalþ an initial period of acaptation d_uring

which some of the pigs exhibited- a d.ietary scouring. The dletary

scouring is pri-narily associated- with the sulphate water treatnents

and the catharbic effects of the sulphate ion (Herrrck rgZr). This

scourilg does not reflect a change in the perforrnanee of the piglet

and should not be confused with the cl-i¡ical situation associated wi-th

Experiment II r¿here desease resulted in loss of condition amongst the

weanlilg pigs involved. Dietary scours was at a mi¡rirnum when waters

high ix the chlorid,e ion were used.,

With respect to water consumption there appears to be an overall

trend to higher water consumption by salj¡re water pigs (Tabl-e 47) "

This observation coincides with results obtained by Enbry et aI

(tgSg), Stothers (rÇóO), Stothers and Pafmer (tç6t), Roy and Boylan

(1961+) and Stothers ( 1970) who reported higher water consumption
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Table 47, l,Iater Consumptlon &s a Percent of Control Water treatments
ln the Five hleanling Pig Iùxperlnents

A, Sulphate vs Controls as a percent lncrease ln r¡ater consumptlon
of sulphate l¡ater treatnents over controls

Peri-od

Control Sulphate Sulphate plus
1J0 ppnr

Nitrate N

Sulphate plus
100 ppm

llitrate N

1"

2

3

l+

5

6

overall

.65

o?

I,50

3,22

2,69

3.35

58.5

51.6

6j,3

-0,6

13,4

-J,O

30, B

55,9

37"3

-0,2

16. 0

!5,2

32"3

7r"0

34,7

3,L

16.7

73,1

2"12 14"2 Lg,3 22,6

Control treatnent values are actual values j-n liters per day'
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Table 47" I{at,er Consumptlon as a Percent of Control hlater Trea'Lmen'bs

(Cont) ln the Flve l'leanling Pig !ìxpei:Íments

Bu Chloricle vs Controlc' percent increase ln water consump-blon of
chlorlde lrate:: trea-bments over controls

Control Chloride Chloride Plus
Perlod J00 PPnt

Nitrate N

7r ,60

2 .7r

3 r '21!

4 t,5g

5 z'oL

6 2,32

38,3

25,4

4,0

-L3.2

3,0

10. B

43"3

29,6

33"9

0,6

10.4

llt" c

overall L"43 1.4 16,t

Control treatment values are actual values i¡ liters per day.
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j¡r swine receiving sali¡re waters. The difference between control

aind sal-jle treatments was greatest duri.:rg the initial- period of the

experirnent. With respect to sulphates, the difference from the control

is large for the first three weekly period but due to an unusually

high consumption among the control pigs duri-ng the fourth week, the

differences virtually disappeared. With the exception of one value,

the d,ifference was agairi realized j:r the remainilg two periods

although not as dramatic.

The nitrate levels used by Seerley et al (t165) in ttreir work

with older pigs were sirnilar to the levels used in the weanlilg pig

experiments. The results i-ndicati:rg no differences with respect to

average daily Bafur feed consumption or feed efficiency, regardl-ess of

the nitrate level-s i:r the water, compared favourably to their results.

Garrison et al (tçOO) found a marked reduction i¡r rate of gain and

feed efficiency in pigs receivi-ng /¡20 ppm nitrate-nitrogen"

In the same research, a significant (P.{.Of ) i¡rcrease j¡t

methemoglobi¡r was shown with nitrite at 112 ppm nitrite-nitrogen but

not at levels of L,ZO ppm nitrate-nitrogen" No explanation was given

for the impaired performance of the growlng and finishing pigs given

{20 ppm nitrate-nitrogen i¡r the water. Seerley et al (1965) found

measurable but small i¡lcreases jn methemoglobi:r when v¿ater was drunk

containi¡g levels of 1-OO ppm nitrate-nitrogen. The methemoglobin

level-s were s j:nil-ar to the higher levels of methemoglobin . resulti-ng

from sulphate plus 150 ppm and 300 ppm nitrate-nitrogen water treat-

ments in Þcperiment II but no detrimental effects on performance vilere

noted. Seerley et al (t165) indicated that day old pigs are no more
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susceptible to nitrate induced methcmoglobinemia than the same pigs

when older. It appears unlikely that enough ni-trite lvoul-d be formed

and consumed i¡r water alone to cause a toxicity in r'reanfing pigs i-f

the i¡ritial nitrate-nitrogen content is 300 ppm nitrate-nitrogen or

less" Thi-s concept is verified by work by Seerley et al (1965) using

growing and filishing pigs and gilts through two farrowings.

In contrast Case (1957, 1963 and personal comm¡nication) pre-

dicted performance changes in pigs receiving more than I0 ppm nitrate-

nitrogen with the severity of the subtle physiological changes

increasj¡g with j¡rcreasi¡g levels of nitrate-nitrogen. His assumption

was not verified in these experiments as aside from jrcreased sodium

excretion i¡r the uri¡re, no dramatic di-fferences were noted- between

control prgs and any saline v¡ater treatment with or without nitrate'

Liver vitami¡r A stores showed no tendency to change due to

treatment.l Seerley e! al- (n65) found simjl-ar results with growilg

and fj¡rishing swine. Garrison et al Gçæ) used growilg and fiaishing

pigs receiving level-s of nitrate-nitrogen up to /¡20 ppm and fo¿nd

significant d.ifferences (f(.05) between liver vitami¡r A stores of

controls and those given the maximum levels of nitrate-nitrogen.

hrerick and Olson (tçtZ) stated that vitamj¡ A stores i¡ the liver of

rats are affected by dietary nitrite but not by dietary nitrate when

vitami¡r A is admi¡iistered oralIy" No effect due to nitrate was

reported with subcutaneous admj:ristration of vitamin A. It is therefore

possible that not enough nitrate l{as converted to nitrite j¡r the

lAnalysis of variance for vitamj¡r A stores reporled in appendix
Table 20.
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gastro-intestj¡ral tract to cause a foss of vitamin A. fn the tal,ter

case, less vitarnin A would be avail-able for absorption and hence liver
stores reduced.

Analysis of variant:e for kidney weightl i¡rdicates no significant

differences between treatments. This obserration combi¡ed with the

findilgs of no histological- changes ìn kidney structure i:rdicates the

kidneyrs abil-ity to handl-e the excess ions avaj-l-able due to high

salinity (óOOO ppm total soJ-id,s) in ttre water supply.

Bohstedt and Grummer (tg5lo) found. no increase irr serum sodium.

This observation agrees with semm sodium data obtained from the

metabolic cage study. Garrison et al GçeO) found hematocrit values

to be sjmilar throughout their treatments" Hematocrit values in the

metabol-ic cage study j¡rdicate a simj-l-ar result.

The i¡rcreased dietary sodium intake in a very avai-l-abJ-e form is

reflected in the significant differences between urinary sodium

levels recorded for control versus the three sulphate waters.

Although j¡creased sodium excretion occurred in the feces the major

means of removal of the excess sodium ions is via the kidney.

lrlith respect to pig morLality, a condition attributed to the

use of sal-jle waters alnong field workers, no such relationship couJ-d

be forrnd i¡r either the weanling pig experiments or i¡r the sow-nursing

litter experiments. Resul-ts of the sow-nursing litter experiments

agree with those obtained by Roy and Boylan (f964) usiag sjmi-l-ar

water treatments but not using the added stress factor of total
1'Analysis of variance for kidney weights reporbed in appendix
Table 21.
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confixement barns, Si¡rce no dijferences between treatments with

respect to average daily Bafur general thrj-fti:ress of piglets, or

sow condition was noted it can be stated that salj:re waters at 4500

ppm did not cause any deviation i¡r performance of nursing piglets or

of their dams.
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SUI'1I'fARY AND CO}TCLUSIONS

Sallne waters at levels of approxlmately 6OOO ppn total solld.s,

hlgh ln either sulphate or chlorld.e ions and. contalnlng various 1eve1s

of ni'Lrate-nit,rogen (0 ppnt, 1JO ppm or 100 pprn) causecl no treatment

variation in average d.aiIy feed, average daily gain or feed efficiency

of pigs inii;iaIIy weighing be'br,¡een 4 anrl 6 kg and- I to d weeks of

age.

Itlat,er consumptlon for plgs on saline water treatments was gener-

ally higher than that reported for control water treatnent plgs,

Voluntary l¡a'ber consumptions under norrnal conditlons of non sal-ine

water for pigs weighing betr.¡een 4 and.6 kilograms ranged between .Jó

and. .6ó liters per day, r¡hi1e plgs weighing an average of 20 kgs

consumed. on bhe average 2,4J liters per d.ay.

Diarrhea created no serlous problem with respeet to perfozrnance

of weanling or nurslng pigs,

Liver vitanin A stores were not affected. by any levels of

nitrate I'l up to the maxlmum of 100 ppn tested,

Kidney welght and. the kid-ney histological structure were not

affected" by saline waters at the levels used."

Percent methemoglobin was higher in only.Experiment II Irith hi-gh

nitrate-nitrogen but the performance of the pigs on treatments

receiving nitrate-nitrogen at IJO ppm or J00 ppn was not adversely

affected.

Plgs recelving sallne waters hlgh ln the salts of sodj-um, exhib-

ited. significantly higher concentrations of sod-lum in the urlne
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although uri¡le vol-umes were not significantly affected by treatment.

Neither urjxe potassium nor fecal potassium were affected by saline

treatments. Fecal sodium levels reflected the amount,s avai-l-able i¡r

the diet with the conLrol level showing a tendency to be lower than

the sali¡re water treatments. Hematocrit, blood sodium and blood

potassium did not vary with treatment.

Fecal percent ash was unaffected

Sali¡e waters of 4500 ppm total

no beari¡g on average daily gain and

pigs between O to 3 weeks of age or

dams "

by treatment,

sol-ids high irr chlorides had

general good health of nursilg

on the general health of their
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APPENDX( Tab1e 1. Composition of the various rations used in the
experiments wii;h r".reanling pigs r the meLabolic cage study
and solv nursilg litters experìments

I. CO},${IRCIAL CREEP

Crude Protei¡r

Crude Fat

Crude Fiber

Salt

Calcium

Phosphoms

Zinc

Pl-us these additives
Arsanil-ic Acid
Vitamj¡r A (Mirr)
Vitamin D (Mjrr)

(vu, /")
(vn /")

(tt". /")
(,o.ctual

(.o,ctuat

(actuat

./l
/o OI ratl-on

18

l+

)

o "l+5

0 "85

0.70

0 "01

0,099 gm

1_1,000 ru
2 ,200 Ïtl
0. i-1 gít
0,1-l- gm

0.06 gln

/, of raLion

77 "3

5.O

10"4

5"2

o.7

0.9

0"5

o.2
. ùl+

0.07
1" g8

/.)

c")

P)

per kilogram

Chlort etracycline Hydrochlorj-de
Sulphamethami¡re
Penicil-Ii¡r ( erocaile )

ÏI" UNI\TffiSTTY CREP

lüheat

Sugar

Soybean Oil- Meal-

Fish Meal

Defluori¡ated Rock Phosphate

Limestone (Cafcium)

Salt

Plus these additives per kilogram:

Zinc Carbonate
Vitamin A (¡OOO IU per
Vitamin D (6000 IU per
A.S.P . 250

gìn

gm

gm

gm

sm)
sm)
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APPENDU. Table l-. Composition of the various rations used i¡r the
(Cont) experjments with weanling pigs, the metabolic cage study

and sow nursj:rg liÞtelÞ experiments _ _
TTI" /o of raLion

72.5

25 'o
1.0

l_.0

o.5

per kiJ-ogram:

o.À4 gm
0.0ó gm
0.84 gm

0.12 gm
2"5o gm

/o of raLion

89.75

9"0

r"25

o"5

o "25

Vitamj¡r A ( 5OOO l: /Stn)
Vitamin D (6000 N/w)

"66
0 "060.08

UNI\TERSITY STARTM,

Barley

Soybean Oj-l- Meal-

Defl-uori¡rated Rock Phosphate

Limestone

Salt

Mi¡rerals and vitami:rs as add.itives

Vitamir B*
Zi¡c Carbonate
A.s.P " 25O

rVN LACTATION RATION

Barley

Soybean Meal

Limestone

Calcium Phosphate

Salt

Additives per kilogram:

Vitamin A (¡Ooo w/stn)
vtami¡ D (óooo W/sn)
Vitamin Bte

grn
gm
gln
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APPH{DIX Tab1e 2" Analysis of variance of average daiJ-y gain in
Experiment f, using a completeþ randomj-zed design

Source of Variation df ss ms F

Total

Treatment

Error

26 L32O.4L

2 88 "9L l+1,,"1+5

2t+ L23L"5O 5L"3t

0.87

APPHSDU Tabl-e 3. Analysis of variance of average daily gain for
Experimenl II, using a completely randomized design

Source of Variation df ss F

Total

Treatment

Error

33 2701+"38

3 228"75 76.25

3O 2475"63 82.52

o"92
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APPEI\IDD( Tab1e 4. Analysis of variance between treatments of percent
methemoglobj¡rr i¡r blood for weanling pigs in ExperÍment II

Source of Variation df ss

Total

Treatments

Days

TxD

Ercor

23 696.25

3 2Ot+"29 68,10

1, 2.96 2.96

3 3t+'58 n.53

16 L+51+.1+2 28.1+0

2.39

0.1-0

0 "41

Arcsi¡e transformations were performed on the data and analysis of
variance as a completely randomized block design

APPENDD( Table 5. Analysis of variance of average daily gain for
Experiment III using a completely randomized design

Source of Variation df ss F

Total

Treatment

Error

3t+ 2756 "rL

3 250"65 83.55

31, 25O5.5O 80.82

1,"o3



9L

APP$ID]X Table 6. Analysis of variance of average daily gain Ín
Experiment W usj-ng a completely randomized design

Source of Variation df ss ms F

Total

Treatment

Eruor

35 1.60 "Lg

3 5 "3O 1"77

32 L5l+"89 l+.81+

o "37

APPHIDU Table J. (u) Ana]ysis of variance of average gaÍn Ín
Experiment V usirg a completely randomized design

Source of Variation df ss

Total 53 IJOL7

Treatment 2 O"O879 O"Ol+39 1.85

Error 5t 7"2L1+O O "0238

(b) Anafysis of variance of average daiJ-y gail
between pigs Ín Þrperiment V receiving saline water previous
to experìment and those not receiving sali-ne water
previously within the GlenJ-ea borrr pigs usi:rg a completely
randomized design

Source of Variation df ss

ms

TotaI

Treatment

Error

26 
124B.Bo

5 396.Ot+ 79.2r

21 852.76 Ì+o "61

1",9 5
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Á.PPÐIDIX Tabl-e 8. Analysis of variance of average daily feed for
pigs in metabolic cage study usixg a compleüely randomized
design

Source of Variation df ss

Total-

Treatment

Error

19 1.19

3 O"O5

L6 1.14

0.018

0.07

o.25

APPH{DIX Table 9" Analysis of varia¡ce of average daLly gai-n for pigs
in metabolic cage study using a completely randomized design

Source of Variation df ss

Total

Treatment

Error

19 .5t

3 .ot

1-6 "50

,004

.03

0.l-1

APP$üDX( Table L0. Analysis of variance of average daily water
consumption for pigc irr ühe metabolic cage study using
a completely randomized design

Source of Variation df ss MS F

Total

Treatment

Error

L9 L0.03

3 0.58

L6 9 "l+5

0.19

o.59

o.32
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APPENDIT Table l-1. Analysis of variance of uri¡re volumes for pigs
in the metabolic cage study usilg a completely randomized
design

Source of Variation df ss

TotaI

Treatment

Error

7 4.997

3 0.060 0.020

t+ h.937 L"23t+

o "o2

APPH{DIX Tabte L2. Ana}ysis of variance for sodium excretion volumes
for pigs j¡r metabolism cage study usi-ng a completely randomized
bl-ock design

Source of variation df ss Fms

Tota]-

Treatment

Period

TxP
Error

167 673676.5

3 68333"t 22777 "7

20 3r5I+5O.9 t5772"5

60 g3ogL"o L55L"51

84 196807"9 23h2.9

ìÑìlr

9 "72
_ *-)e
6.73

o.66

Differentiation of means by Duncanrs multiple range test indicates
controls are significantly d.ifferent (p<"Oi) from saline water
treatments a¡d that with period,s there was a significant (e4.Of)
increase with i¡creasing age of pig
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APPBIDIT Table l-3, Analysis of variance of uri¡re concentrations
of potassium for prgs i¡r the metabolism cage study using
a completely randomized design

Source of Variation df ss MS

TotaI

Treatment

Error

7 2u+g,t

3 3l+8.1+ L1.6 "L

l+ 1800.7 l+5O "2

o.26

APPÐIDD( Table 14. Analysis of variance of percent dry matter irt
feces using a completely randomized design

Source of Variation df ss

Total

Treatment

Error

7 7r.oz

3 til+.13. Ih"7o

h 26 "gt 6.73

2"Ig

APPÐüDU Table 15. Analysis of variance of percent ash of feces of
pigs in the metabolic cage study usj-ng a completely
randomized desi-gn

Source of Variation df ss F

TotaI

Treatment

Error

7 zz,o7

3 1,2.86 l+.29

t+ 9 "2r 2"3O

1"öO
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APPH{DIX Table 16" Analysis of variance between treatments for
fecal sodium levels i¡r metabolic cage study

Source of Variation df ss

Total I59 33B\+7L"L

Methods I M"9 l+l+.9 0.008

Between days withÌ¡r 18 loo2t+3.1 556g"L 3.41*
methods

Between treatments 6o 979Ò2.1+3 163L.7 o"93
withi¡r days withia
methods

V'lithj:r treatment s 80 I1+O28O "7 L7 53 .5
within days
withi¡ methods
(error)

APPBIDU Tab1e 17. Analysis of variance between treatments for
fecal potassium i¡r metabolic cage study

Source of Variation df ss Fms

Total

Treatment

Error

7 506 "1+

3 125,5 41.8

t+ 380.9 95,2

0,44
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APP$IDU Table 18. Analysis of variance of average daily gain of
prgs in Experiment VI(a)

Source of Variation df ss ms

Total B3 O.25

Treatment 1 0,0L1 0"011 3"87

Error B2 0 "21+ 0,003

APPENDU Tab1e 19" Analysis of variance of average daiJ-y gain of pigs
il Experiment VI(b)

Total 7t O "25

Treatment 1 "000002 "000002 "0005

Error 70 O.25 0.004

APPENDU Table 20" Analysis of variance between treat¡nents for
vitami¡r A content of pigs liver from pigs sacrificed at
the termination of Experiments I, fI and ITI

F

Source of Variation df ss ms

Total

Treatment

Error

21" 581+2 "9

3 461.0 r53 "7

18 538L.9 2gg,O

o,51"
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APPENDIX Table 2l-" Analysis of variance of kidney weight as a per-
cent of warm carcass weight in pigs sacrificed at the end
of Experiments I, II and III

Source of Variation df ss F

TotaI

Treatment

Error

21- 0,084

3 0"028 0.009

18 O "056 0.003

2"95


