SOME EFFECTS OF WATER CONTAINING
SULPHATES, CHLORIDES AND NITRATES ON THE PERFORMANCE

OF YOUNG PIGS

by

Derek Martin Anderson

A thesis submitted to the
Faculty of Graduate Studies and Research in
partial fulfilment of the requirements for the degree of
Master of Science

Department of Animal Science
Faculty of Agriculture
University of Manitoba

Winnipeg

December 1972

kY
o

—Tab s
ww$¢ﬁf“;%'
of

N
Sz B



ABSTRACT

Water treatments high in chlorides, sulphates or nitrate-nitrogen,
having a total solids concentration of approximately 6000 ppm and a
control water treatment having a total solids concentration of 125 ppm
were supplied to weanling pigs between 3 and 4 weeks of age initially
weighing L to 6 kg. A total of 189 pigs were allotted, 9 per treat-
ment, and provided with feed and water 'ad libitum' for 5 to 6 weeks
(Experiments I, II, III and V). Pigs in Experiment IV were on test
for 3 weeks. One experiment was conducted with 22 sows receiving
either control water or a natural well water having a total solids
content of 4500 ppm from a minimum of 1 week pre-farrowing to 3 week
weaning of the piglets. Sows were confined to farrowing crates for
the entire experimental period. In conjunction with Experiment III,
8 pigs, 2 per treatment, initially weighing 5 kg were housed in wire
mesh cages for separation, collection and analysis of urine and feces.

No significant differences in average daily gain occurred
between treatments in either the weanling pig experiments or the sow-
nursing litter experiment. No differences in average daily feed
consumption or feed efficiency occurred between treatments in the
weanling pig experiments. Neither liver vitamin A stores nor blood
methemoglobin levels were significantly different between treatments.
Kidney weights as a percent of warm carcass weight did not significantly
differ among treatments and kidney histological sections did not reveal
changes due to treatment. Water consumption by pigs receiving saline
waters was considerably higher than control pigs with the differences

diminishing with time on experiment. Blood levels of sodium and



and potassium, and hematocrit values were uniform among treatments.
While there were no significant differences among treatmenté for
urine volumes and urinary excretion of potassium, urinary excretion of
sodium for the saline water treatments was significantly higher
(P<L.01) than the control treatment. Fecal percent dry matter, percent
ash, sodium excretion and potassium excretion did not differ among
treatments. Scouring was not an important condition in either the
weanling pig experiments or the sow-nursing litter experiment. Deaths
during the experiments were not related to water treatment.
Aside from increased water éonsumption and urinary sodium excretion
no major differences occurred among the water treatments. The increased
water consumption and urinary sodium excretion had no effect on the

performance of weanling or nursing pigs.
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INTRODUCTION

Barliest research on saline waters was carried out in North
America about L0 years ago. Since then various workers have delved
into the problems of saline water for livestock from several points
of view. About ten years ago at the University of Manitoba, research
with growing and finishing pigs, initially weighing 20 kg, studied
the effects of sulphates and chlorides in water at levels ranging from
approximately 10,000 parts per million (ppm) to as high as 23,000 ppm
total solids.,

Research has been done regarding the effects of nitrates on a
nitrate-nifrogen basis on pigs of various ages with conflicting con-
clusions to those expressed by some field surveys of similar situa-
tions, Recently in Manitoba, some extension workers have complained
of water quality problems with young growing pigs with nitrate-
nitrogen considered a possible factor, Because of the documented fact
that levels of 10 ppm nitrate N can cause methemoglobinemia in infants,
the assumption has been made in some cases that a similar situation
was true of young pigs. Further research reported from the University
of Manitoba, Roy and Boylan (1964), involved a natural well water
high in chlorides with a total solids content of approximately 4500
ppn fed to éows and nursing litters, weanling pigs and finishing pigs.
No adverse effects were noted, At the time of the above mentioned
experiment the accepted procedure was a six weeks weanling of piglets.

lLater with the advent of early weaning (3 weeks) younger, smaller,



10
pigs became exposed to saline waters as their only source of water,
Recently at the University of Manitoba, Stothers (1970), three week
0ld weaned pigs were supplied with a sulphate water containing approx-
imately 2000 ppm total solids with no adverse effects,

The research reported here was to take a closer, detailed look
at the effects of saline waters, including nitrate-nitrogen, sulphate
and chloride, on the performance of newly weaned pigs with initial
weights of 4 to 6 kg, A smaller study was initiated to up date in-
formation on the effects of saline water on nursing sows and their
litters housed in a total confinement unit, Whereas work with the
weaned pigs involved levels of 6000 ppm total solids from a synthetic
mixture; sows and nursing litters received a natural well water con-
taining 4500 ppm total solids in chlorides as their only source of

water for the nursing period,
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LITERATURE REVIEW

A, WATER QUALITY FOR VARIOUS CLASSES OF LIVESTOCK

Early publications deal with a generalized tolerance to salinity
based on acceptability to all livestock, Embry et al (1959) classified

water in the following manner for all livestock:

Table 1

SALINITY AS RETATED TO THE QUALITY OF LIVESTOCK WATER

Total Salts (Solids)
Content of Water

(ppm) Quality
0 999 Excellent
1,000 3,999 Good
4,000 6,999 Satisfactory
7,000 and over Unsatisfactory

The Laboratory for Water Analysis at the University of Saskatchewan
(1965) indicated a classification of water for drinking by different

classes of livestock on the basis of dissolved solids as follows:
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Table 2
WATER QUALITY FOR VARIOUS CLASSES OF LIVESTOCK
Dissolved Solids
(ppm)

Species Good Fair Poor Very Poor Limit
- (Usable) (Questionable) (Not Advised)
Humans 0- 800 800-1600 1600-2500 2500~ 4000 5000
Horses

Working 0-1000 1000-2000 2000-3000 3000~ 5000 6000

Others - 0-1200 1200-2500 2500-4000 4000- 6000 10,000
Cattle 0-1200 1200-2500 2500-4000 4000~ 6000 10,000
Sheep 0~1500 1500-3000 3000-6000 6000-10,000 15,000
Poultry

Full Grown 0-1500 1500-3000 3000-6000 6000-10, 000 15,000

Chicks 0-1000 1000-2000 2000-3000 3000- 5000 6000
Swine Young ﬁigs and market pigs tolerate less than Cattle

The rest of this sectlon will deal with detailed research on the

effects of saline water on various classes of livestock excluding swine,

CATTLE
Seddon (1931) noted a 110-150 kg calf could tolerate water with
10,000 ppm sodium chloride without ill effects, Heller (1933) stated
15,000 ppm sodium chloride as the maximum concentration safe for
maintenance of dry cows, Lactating cows would tolerate less. He
commented that calcium chlorlde was more toxic than sodium chloride

since water with 10,000 ppm calcium chloride was not tolerated,
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Work done by Embry and co-workers (1959) used sodium sulphate at
levels of 4000 ppm, 7000 ppm, or 10,000 ppm in the water causing re-
duced feed consumption and raté of gdiﬁ; scouring, with weight loss
and a reduced water intake with fattening heifers at the highest
concentrations, Using 10,000 ppm sodium chloride or 10,000 ppm mixed
salts failed to show the dramatic reduction in feed consunption or
rate of gain assoclated with similar levels of sodium sulphate., No
effect in rate of gain or feed consumption occurred at 7000 ppm total
solids, Apparently toxic levels for fattening cattle must liec some-
where between 7000 ppm and 10,000 ppm depending on the salts present,
according to the authors, Salt was available free choice.

Weeth et al (1960) found water containing 10,000 ppm sodium
chloride to increase water consumption and decrease blood urea in
heifers whereas water containing 20,000 ppm sodium chloride caused
severe anorexia, weight loss and anhydremia, Weeth and Hunter (1971)
using 5000 ppm sodium sulphate in water found a weight loss in heifers
over a 30 day period,

SHEEP

Heller (1933) using groups of five sheep for a period of six
weeks Ffound sheep could exist on levels of 25,000 ppm sodium chloride,
20,000 ppm magnesium sulphate, or 25,000 ppm calcium chloride but
suggested 15,000 ppm total solids as the upper limit for maintenance,
Pierce (1957a) stated that sheep receiving 10,000 ppm sodium chloride
for 15 months performed as well as control sheep receiving rain water,
Sheep receiving 15,000 ppm sodium chloride performed poorly so this

level was considered toxic, Pierce (1957a) supplied sheep with a
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water containing 13,000 ppm total sollds made up with various concen-
trations of 200 ppm to 5000 ppm magnesium chloride with the remaining
salt being scdium chloride, He concluded that up to 1000 ppm magnesium
chloride combined with 12,000 ppm sodium chloride was the upper limit
of magnesium chloride acceptable to sheep since higher concentrations
of magnesium chloride caused toxicity. Further work by Pierce (1959,
1960, 1962 and 1963) comparing various salts in combination with
sodium chloride showed that, for the most part, combinations up to
13,000 ppm total solids were tolerated by sheep., Pierce (1966) found
that wethers receiving a saline water of 5000 ppm bicarbonate had a
significantly reduced wool production but with no ad&erse effects on
general health, feed consumption or weight increase, According to
Pierce (1968), ewes and their lambs tolerated either a high bicarbon-
ate (5000 ppm) or high chloride (13,000 ppm) water,

POULTRY

According to Selye (1943) water containing 9000 ppm sodium chloride
caused heuvy mortality in young chicks. Kare and Biely (1948)
observed mortality of less magnitude than did Selye (1943) when day
old chicks were supplied with 9000 ppm sodium chloride in drinking
water and 1800 ppm sodium chloride in the diet. Using the same dietary
level of sodium chloride and 3000 ppm sodium chloride in water, Kare
and Biely found no effects due to salinity., Edema but not mortality
occurred in day old chicks receiving 5000 ppm sodium chloride in
water and a dietary level of 10,000 ppm sodium chloride in experiments
conducted by Doll, Hull and Insko (1946),

Krista (1961) studied the effects of saline water on chicks,
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laying hens, poults and ducklings, Chicks were supplied with water
containing 4000 ppm, 7000 ppm, 10,000 ppm and 12,000 ppm sodium
chloride added to a water analysed at 530 ppm total solids, Signi-
ficant increases in mortality occurred at 7000 ppm while at 4000 ppm
sodium chloride chicks exhibited watery feces, increased water con-
sumption and loss of appetite. Laying hens receiving sodium chloride
at levels of 0 ppm, 4000 ppm, 7000 ppm and 10,000 ppm, magnesium
sulphate at levels of 10,000 ppm and sodium sulphate at levels of
10,000 ppm and 12,000 ppm, exhibited significant decreases in egg
production at 10,000 ppm sodium chloride, 12,000’ppﬁ'sodium sulphate
and which approached significance at 10,000 ppm magnesium sulphate,
Body weight was unaffected by any level of saline water studied,
Poults receiving levels similar to those reported for chicks demon-
strated significant increases in mortality at 4000 ppm sodium chloride
Poults and ducklings receiving 4000 ppm sodium chloride exhibited
retarded growth, watery feces, increased water consumption and billing
of feed by the ducks,

Losses in young poults from ascites and edema occurred when using
a basal ration containing 4600 ppm sodium chloride in combination with
water containing 6000 ppm total solids from mixed salts in experiments
reported by Robblee and Clandinin (1961),

Sibbald et al (1962) found increased mortality at 7500 ppm sodium
chloride in drinking water regardless of the amount of sodium chloride
available in diet up to 5000 ppm (,5%) with chicks 0 to 4 weeks of age.

0'Neil (1963) summarizes the effect of various salts with relation-

ship to their individual toxicities, Chicks 0 to 4 weeks of age were
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used, Feces became more watery with increasing levels of mineral,
Water to feed ratios increased with increasing mineral level in water,
As the ratio of water to gain approached 8: 1 body weight was signifi-

cantly depressed, Mortality occurred at higher ratios,

Table 3 .
INDIVIDUAL TOXICITY LEVELS OF VARIOUS SALTS ON CHICKS
0 - 4 WEEKS OF AGE

SALT SATISFACTORY LEVEL TOXIC LEVEL
Sodium Carbonate 2400~ 3200 ppm 6400 ppm
Sodium Cﬁloride 4800 ppm 6400 ppm
Sodium Nitrate 6400 ppm 8000 ppm
Sodium Bicarbonate 6400 ppm 9600 ppm
Calcium Nitrate . 8000 ppm 9600 ppm
Sodium Sulphate 12,000 ppm 12,800 ppm
Magnesium Sulphate 12,000 ppm -
RATS

Heller and Larwood (1930) showed that levels of 15,000 ppm of salts
lowered growth rate while 10,000 ppm affected reproductive performance
in rats,

Muhrer et al (1956) indicated that rats fed 140 ppm or 280 ppm
nitrate-nitrogen produced fewer litters than did control rats., Repro-
ductive performance was affected to the point where 9 of 12 female rats
receiving 140 ppm nitrate-nitrogen incorporated in their diets and 2 of
8 female rats receiving 280 ppm nitrate-nitrogen incorporated in their

diets produced litters as compared to 12 of 12 control female rats
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producing litters., Of the 8 female rats fed 280 ppm nitrate nitrogen,
four produced placental tissue but not litters indicating abortion or
absorbed fetuses,

Work done with rats was reported by Embry (1959). Sprague-Dawley
male albino rats initially weighing 68 gms were allowed feed and water
ad 1ibitum, Using various levels of sodium chloride, sodium sulphate,
magnesium chloride, magnesium sulphate, and calcium chloride dissolved
in water indicated that levels below 4000 ppm total solids reflected no
change in the rats' performance whereas 10,000 ppm usually did,

O'dell et al (1960) used vitamin A depleted rats to study the
effect of nitrite (potassium nitrite) on the vitamin A and vitamin E
status of rats, Rats receiving potassium nitrite showed dystrophy
typical of vitamin E deficiency as well as a more rapid depletion of
vitamin 4 stores, Growth was depressed by addition of potassium nitrite
to the ration,

Emerick and Olson's (1962) work with vitamin A deficlent rats fed
either 420 ppm nitrate-nitrogen or 70 ppm nitrite-nitrogen indicated
differences in final weights generally associated with nitrate and
especially nitrite fed rats, Both nitrate and nitrite treatments
affected liver weights, Nitrite feeding resulted in reduced amounts of
vitamin A stored in the liver when vitamin A was administered orally but

not when vitamin A was administered by subcutaneous injection,

B, WATER REQUIREMENTS OF WEANLING PIGS
According to the National Research Council requirements, (1968)
weanling pigs will consume 20 kg of water daily per 100 kg of body

weight, The daily water consumption of a 5 kg pig would be 1 liter,
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Herrick, (1971) stated the daily requirements for swine weighing from
9 kg and 18 kg to be 1,1 liters to 2,3 liters respectively,

The ARC publication on Nutrient Requirements of Pigs (1967)
states similar recommendations with respect to water consumption as
to those recommended by the NRC requirements of 1968,

Friend and Cunningham (1966) found water consumption (excluding
milk) of .084 1 total during the first week of life with piglets
initially weighing 1.26 kg, During the seventh week water consump-
tion was ,55 liters per day for sucling pigs weighing 13.8 kg at the
end of the seventh week, In this work water was available ad libitum
for a nine hour period each day,

C. EFFECTS OF NITRATE-NITROGEN ON THE PERFORMANCE OF SWINE

Due to the fact that initlally various publications reported
using different forms of nitrate in experiments, here all nitrate
levels are expressed as niltrate-nitrogen or nitrite-nitrogen
regardless of the source of the nitrogen. Conversions were completed
using the table described by Mitchell}

Emerick et al (1965) found that healthy one week old pigs were
no more susceptible to nitrite induced methemoglobinemia than the same
pigs when older, Data pertaining to methemoglobin formation and
reduction were obtained in vitro and in vivo at approximately 1 week,
three months, and five and a half months of age at which time average
body weights were 1,9 kg, 30.8 kg and 94,1 kg respectively, With

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

1
Checking water supplies for Nitrates, National Hog Farmer,
Swine Information Service, Bull, D22 pl
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3 ppm (0,03 grm NaNOz/kg body wt) developed a lower degree of
methemoglobinemia when treated at one week of age than the same pigs
at 3 months or 5% months of age. Percent methemoglobin obtained in
vitro was the same for all pilgs of 21l ages although a slower rate
of methemoglobin reduction was observed for 5% month old pigs.

Seerley et al (1965) administered nitrate or nitrite continu-
ously in the drinking water of growing-finishing swine, There were
no significant differences in average daily gain, feed efficilency,
water consumption and liver vitamin A levels with sodium nitrate at
levels up to 300 ppm nitrate N, Gilts fed 300 ppm nitrate N over
two farrowings showed no adverse effects on daily gain, feed effi-
ciency or thriftiness, Birth weights; average daily gain, litter
size at weaning, blood and liver vitamin A content of piglets from
nitrate treated dams were not adversely affected by treatment,
Adding 100 ppm nitrite N to drinking water of bred gilts and growing
and finishing pigs gave measurable but small increases in methemoglo-
bin without obvious detrimental effects on performance or liver vitamin
A values determined after 105 days on treatment,

Dollahite and Holt (1969) state that functional hemoglobin,
that is total hemoglobin minus methemoglobin, is more relevant to the
welfare of the animal than the total hemoglaobin or percent methemoglobin,

Garrison et al (1966) adminstered nitrate and nitrite to
drinking water to observe the effect on carotene utilization by

growing and finishing swine, Using potassium nitrate at levels of
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105 ppm, 210 ppm and 420 ppm nitrate N, vitamin A stores from either
a beta carotene source of a vitamin A palmitate source were reduced
in all treatments, At levels of 420 ppm nitrate N with beta carotene
as a vitamin A source, vitamin A stores were significantly lower than
the control treatment (P<.05). Feed efficlency was greatly reduced
at the 420 ppm nitrate N levels,

In the same study potassium nitrite was administered at levels
of 28 ppm, 56 ppm and 112 ppm nitrite N in the drinking water,
Treatments of 28 ppm and. 112 ppm nitrite N were significantly different
(P<:.Ol) from the control treatment with respect to rate of gain,
Liver vitamin A levels in swine receiving 56 ppm and 112 ppm nitrite
N were significantly different (P<,05) from the controls,

Case (1957) stated that any amount of nitrate over 3050 ppm
nitrate N of the total feed and water intake is a potential problem,
Further work by Case (1963) indicates that water containing more than
the recommended maximum level of 10 ppm nitrate N is probably going
to cause some herd health problems in swine. Reference is made to
levels of 10 ppm to 50 ppm nitrate N as marginal in quality with levels
above 50 ppm as hazardous, leaving the animal susceptible to attack
by disease organisms, He suggests a multiplication of problems with
increasing levels above 50 ppm nitrate N in water,

The University of Saskatchewan (1965) mimeographed supplement
to the report on quality of rural water supplies, and the Federal

Water Pollution Control Administration (1968) refer to the established
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maximum allowable level of 10 ppm nitrate N and nitrite N combined
in water used for human consumption, Methemoglobinemia in human
infants (Dblue babies) has been attributed to slightly higher levels
of nitrate N,

Olson ?E_ﬁ} (1972) found a relationship between nitrate levels
in water andklivestock feeds to herd health problems, Subtle ad-
verse effects occur on the physiological function of affected
animals, Herd health problems in 15% of operations surveyed were
related to excess nitrate intake levels of 24,4 ppm to 164,7 ppm
nitrate N in the water and 64 ppm to 2562 ppm nitrate N in the feed

source,

D, EFFECTS OF SULPHATES AND CHLORIDES IN DRINKING WATER ON THE
PERFORMANCE OF SWINE

Seddon (1931) observed a mature pig to tolerate 25,000 ppm
sodium chloride for 40 days with some signs of nervous derangement.
Two 55 kg pigs consumed water containing 19,000 ppm sodium chloride
for 13 and 22 days respectively with a reduced increase in weight
gain, A 13 kg pig consumed water containing 9,000 ppm sodium
chloride for 40 days without performance being affected.

Sodium chloride of 15,000 ppm was found toxic for pigs,
especially young pigs, resulting in decreased feed consumption in a
study conducted by Heller (1933), He reported that all pigs could
tolerate 10,000 ppm sodium chloride without ill effects.

Buffagni (1935) found pigs receiving brine mixed with food,
where each pig ingested the equivalent of 500-600 ml of a 20%

solution of sodium chloride per day for 3 days, demonstrated salt
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poisoning,

Bohstedt and Grummer (1954) reported pigs receiving a swill
containing either 15,000 ppm or 20,000 ppm sodium chloride with no
drinking water, developed salt poisoning, These workers found no
increase in sodium or chloride ions in the plasma or serum of
these pigs.,

Accprding to Pierce (1957) symptoms of problems with saline
waters included; decreased food consumption, reduced rate of gain,
diarrhea and increased excretion‘of urine., The latter would occur
since most of the sodium chloride ingested is excreted via the
kidney,

Embry et al (1959) reported on work done using pigs weighing
16,8 kg fed a mixture of salts including sodium chloride, magnesium
sulphate and sodium sulphate, in a ratio similar to that found in
natural waters., Feed contained 5,000 ppm sodium chloride, while
water treatments coﬁtained 2100 ppm, 4200 ppm or 6300 ppm total
solids, Results showed average daily gain, feed consumption and
feed efficlency were slightly better for pigs receiving saline
waters, Water consumption increased with increasing salinity,
Scouring occurred during the first week on test,

Berg and Bowland (1960) used pure salts of magnesium sulphate,
sodium chloride, sodium sulphate or mixtures of magnesium sulphate
and sodium chloride added to a natural water containing 140 to 150
ppm total solids, No adverse effects were noted in pigs initially
welghing 12 kg with waters containing up to 5000 ppm of any salts,
when compared with the natural water source, No sodium chloride was

added to the treatment diets,
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Stothers (1960) supplied 27 kg plgs with water containing
11,123 ppm total solids, two to three times a day in a trough,
Slight effects on rate of gain occurred primarily during the first
two weeks on experiment, Notably average daily water consumptlon
for the saline treatments was 6,5 liters as compared to 4,6 liters
for the control treatment, Feed efficiency was affected by saline
treatments mainly during the growing state, since a subsequent
study using finishing pigs initially weighing 57 kg showed no
effect on rate of gain and feed efficlency.

Stothers and Palmer (1961) supplied weanling pigs, 11 kg to
22 kg with saline water having a total soiids concentration of
11,000 ppm particularly high in the sulphate ilon (4880 ppm).
Similar to the study by Stothers (1960) a slower growth rate, de-
creased feed consumption, lower feed efficiency and higher water
treatments, As with the previous study by Stothers (1960), pigs
from 27 kg to 81 kg body weight showed decreased rates of gain,
poorer Teed efficiency, and hisher water consumption when subjected
to saline water treatments containing 11,000 ppm total solids,
Growing and finishing pigs receiving either 15,900 ppm, 17,900 ppm or
21,300 ppm total solids exhibited decreased growth rate, poorer
feed efficiency and higher water consumption, than control pigs.

The work of Stothers and Palmer (1961) also included a study of
the effects of a high chloride ion (4,039 ppm) water containing
10,400 ppm or 14,800 ppm total solids on growing and finishing swine.

Pigs receiving 10,400 ppm total solids out performed control pigs in all
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respects, whereas those receiving 14,800 ﬁpm total solids performed
so poorly they were removed from test at 57 kg, Water consumption
was higher for all saline treatments,

Roy and Boylan (1964) provided a water containing 4300 ppm total
solids to sows with nursing litters, weanling and growing pigs (11
kg to 44 kg), and finishing pigs (57 kg to 91 kg). Aside from
increased water consumption, no effects due to saline waters were noted,
In this experiment and those by Stothers (1960, 1970) and Stothers
and Palmer (1961), sodium chloride was added to the diet at levels
of 5000 ppm,

Stothers (1970) used a synthetic water supply containing 2400 ppm
total solids and a natural well water containing 2000 ppm total solids
to attempt to show a relationship between saline water and poor per-
formance in weanling pigs initially weighing 6.4 kg or 12.3 kg.
Although scouring was considered the primary effect on pigs given
the saline water treatments, it created no problem in this experiment.
No performance differences were noted with pigs initially weighing
12,3 kg, but amongst the 6,4 kg weanling, those receiving the natural
well water (2000 ppm) and a commercially prepared diet, showed a
decrease in gain and feed efficiency as compared to control pigs.

Herrick (1971) indicated that 1000 ppm sulphates may have a cath-
artic effect, particularily on young livestock, but that a tolerance
is built up to constant dietary or water levels of 2000 ppm to

2500 ppm sulphates over a period of time,
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MATERIALS AND METHODS

A, OBJECTIVE

Six experiments were undertaken to determine the effects of
saline waters, either high in chlorides, sulphates or nitrate-
nitrogen, on the performance of 3 to 4 week old weanling pigs
initially weighing 4 to 6 kg, Included was one experiment to
determine the effects of saline water on the performance of sows
and nursing litters in farrowing crates housed in a total
confinement barn, At the same time as Experiment III physiologi-
cal data were obtained from other weanling pigs housed in meta-
bolic cages. |
B, WBANLING PIG EXPERIMENTS

The water treatments used and design of the experiments are
tabulated in Table 4, All pigs received feed and water 'ad
libitum*', Initially pigs received a commercial pig weaner (18%
protein). At an average weight of 7 kg, the ration was changed to
a university formulated creep feed (wheat-soybean meal-fish meal)
(19% protein), From 15 kg average weight pigs received a balanced
starter ration (barley-soybean) (18% protein), Composition of the
various feeds is summarized in Appendix Table 1, Initially pigs
were allotted to treatment by weight, sex and litter. Pens were
checked daily for scouring while pig weights, feed and water
consumption were recorded weekly,

Since scouring was reported as a problem associated with the
use of saline water, scour days were used as a criteria for
measurement, A scour day referred to scouring in a pen regardless
ofvthe number of animals involved,

Water treatments (Table 5) used were high in sulphates or
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Table 4
THE WATER TREATMENTS USED IN THE VARIOUS EXPERIMENTS
AND THE DESIGN OF THE EXPERIMENT
Sulphate  Sulphate Chloride
Experiment Control Sulphate plus 150 plus 300 Chloride plus 300
No, _ppm pPpm PpPM
Nitrate N Nitrate N Nitrate N
I X X X
I1 X X X X
IIT . X X X X
v X X X X
v X X X
Metabolism

Cage Study X X X X
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chlorides and varying levels of nitrate-nitrogen (Table 6)., Nitrate-
nitrogen levels were O ppm, 150 ppm or 300 ppm., Total solids
concentration of all saline water treatments was approximately 6000
ppm, Water solutions were prepared in 204 liter plastic containers
from stock solutions of the various salts and were presented to the
pigs in 64 liter painted metal barrels, fitted with a watering bowl
as shown (figure 1). Pigs were weighed on a weekly basis until the
conclusion of the individual experiments.,

EXPERIMENT T |

During November 1970, 27 weanling pigs welghing between L and
6 kg were kept on experiment for a 5 week period to an average
final weight of 24,5 kg, |

Biood samples were taken on days 20, 27 and 34 by puncture of
the anterior vena cava. Analysis for methemoglobin was carried out
on the blood by a modified version of the Method of Evelyn and
Malloy (1938), using a Spectronic 20, Bausch and Lomb colorimeter.
Upon completion of the experiment, two pigs from each treatment were
sacrificed and the livers were frozen and stored at —ZOOC. for sub-
sequent analysis for vitamin A content by the method of Gallop and
Hoefer (1946), In addition kidney weights were recorded and slices
preserved for histological examination,
EXPERIMENT II

Commencing in February 1971, 36 weanling pigs, initially
weighing between 4 and 5 kg, were kept on experiment for a period

of six weeks to a final weight of 20 kg,
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Table 5

SALT COMPOSITION OF WATER TREATMENTS USED IN

WEANLING PIG EXPERIMENTS AND METABOLIC CAGE STUDY

29

1 Sulphate  Sulphate Chloride
Control Sulphate plus 150 plus 300 Chloride plus 300
ppm ppm ppm
Salt Nitrate N Nitrate N Nitrate N
Calcium
Chloride - 780 780 780 780 780
Magnesium »
Sulphate - 1694 1694 1694 - -
Sodium
Bicarbonate - 2671 1844 1040 2671 1040
Sodium
Nitrate - - 910 1818 - 1818
Sodium
Sulphate - 708 708 708 - -
Sodium
Chloride - - - - 2401 2401
2
Total Solids 125 5978 6061 6165 6077 6164

1 s01ids or salts given in ppm

2Tota1”solid concentration includes that found in control water in
addition to added salts.
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INDIVIDUAL ION CONCENTRATIONS OF THE WATER

TREATMENTS USED IN WEANLING PIG EXPERIMENTS AND

METABOLIC CAGE STUDY

1 Sulphate  Sulphate Chloride

Ion Control Sulphate plus 150 plus 300 Chloride plus 300
ppn ppm ppm
Nitrate N Nitrate N Nitrate N

Calcium 19.4 303 303 303 303 303
Magnesium 5,6 - 345 345 345 5,6 5.6
Sodium 1.5 961,5 981,5 96L.5 1684,5 1687.5
Sulphate - 1883 1883 1883 - -
Chloride 120 616" 616 616 2560 2560
Bicarbonate - 1938 1339 755 1938 755
Nitrate N2 Nil Nil 150 300 Nil 300

1 Ton cencentration given in ppm

2 Nitrate in the form of nitrate-N rather than the nitrate ion form
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On days 24 and 31 blood samples were taken and immediately
analysed for methemoglobin content, At the termination of Experiment
II, two plgs per treatment were sacrificed with liver samples, kidney

welghts and kidney sections obtained and treated as in Experiment I,

EXPERIMENT IIX

In May 1971, 36 weanling pigs averaging 4 to 5 kg initial
weight were subjected to experimental conditions for a six week
period to a final weight of 20 kg.

No blood samples were obtained, but upon completion of the
experimental period, two pigs per treatment were sacrificed, Liver
samples for vitamin A analysis, kidney weights and kidney slices for

histological examination were collected,

EXPERIMENT IV
In August 1971, 36 pigs initially weighing between 4 and 5 kg
were kept on experiment for a period of three weeks to an average

final weight of 9 kg.

EXPERIMENT V

In October 1971, 54 pigs initially weighing 4 to 5 kg, from
two sources, were kept on experiment for a six-week period, to an
average final weight of 18.9 kg, The 27 pigs from the Glenlea
Research Station consisted of 16 pigs having received a chloride
water (4500 ppm total solids) before weaning, the remaining 11
pigs received water from the Winnipeg water supply during the

three weeks prior to initiation of the experiment, This group of
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plgs represented one replicate, while the 27 pigs from the campus

herd formed the other replicate,

C, METABOLIC CAGE STUDY

Eight barrows from two litters initially weighing an average
of 5.2 kg were allotted according to litters to the four water
treatments, Over the five-week experimental period, pigs were
housed in wire mesh cages, as described by Bell (1948), equipped
with bite type waterers (figure 2) for three periods of 1 to 7, 8
to 14 and 29 to 35 days, For the remaining two, days 15 to 21
and 22 to 28, pigs were housed in separate pens, according to treatment,

Average final weights at the end of the experiment period were
16,1 kg, Water was available 'ad libitum' from a 23 liter metal con-
tainer attached by a rubber hose to the bite waterer., Feed was
available ‘*ad libitum® except when pigs were housed in the wire mesh
cages, at which time feed was avallable twice a day. Performance
data were collected as described in the weanling pig experiments,

In addition blood was collected on Day 15 and analysed for percent
hematocrit, sodium and potassium ion concentrations,

Analysis for sodium and potassium was accomplished’using an
auto-analyser Technicon IT (model AA11 -07) for flame photometry,
Daily urine volumes were recorded and a representative aliquot re-
tained and frozen for analysis of sodium and potassium by the method
described above, Feces were collected daily with representative
amounts frozen and retained for analysis, Samples collected on
odd numbered days were analysed for dry matter percent, percent ash,

sodium and potassium levels, Dry matter percent was accomplished by freeze
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Fig, 2. Metabolic cages with attached bite waterers used
in the metabolic cage study
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drying the feces in a Virtis Freeze Dryer. Ashing was accomplished
in a furnace at 5600 degrees C for 15 minutes, Analyses for sodium
and potassium were carried out using two methods, To the ashed
samples five milliliters of double distilled (demineralized) water
were added and the samples shaken for 24 hours, Feces collected on
even numbered days were subjected to a Carver Laboratory Press
(Model C) (figure 3), from which the expressed juice was collected,
diluted and analysed for sodium and potassium,

D, SOWS AND NURSING LITTERS
EXPERIMENT VI(a)

During September 1971, 12 sows were randomly aliéﬁted to the
two water treatments; control (Winnipeg water supply), or a natural
chloride well water (Table 4), Sows were allowed access to water
ad 1ibitum from at least one week pre farrowing through a three-week
nursing period, Nursing pigs had the same, Data were collected with
respect to litter size at birth, birth weight and weaning weight.,
Sows were fed twice a day but no creep feed was available to piglets,
Sows were housed in farrowing crates in a minimum disease, total
confinement baya.

EXPERIMENT VI(Db)

In January, 1972, ten sows were randomly allowed to one of the
two water treatments described in Experiment VIa, Data collected
were identical to those reported in Experiment Via,

B, GENERAL
All statistical analysis was done by the method of Steel and

Torrie (1960). All rations for all experiments with weanling plgs
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Fig. 3. Carver Laboratory Press used to squeeze feces for
analysis of the expressed juice
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contained 0,5% trace mineralized salt, Sow rations contained not

more than 0,25% trace mineralized salt,

Table 7

WATER ANALYSIS'OF THE WATER TREATMENTS USED

IN THE SOW NURSING LITTER EXPERIMENTS

Analysis Glenlea Vater Winnipeg Water
Nitrate Nil Nii
Calcium 1ub 21
Magnesium 63.2 5.8
Sulphate 550 Nil
Sodium 2000 1.5
Bicarbonate 254 107

Total Dissolved
Solids 4500 125

1
Expressed in ppm
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RESULTS AND DISCUSSION
A. WEANLING PIG EXPERIMENTS

EXPERIMENT I

No significant differences were observed in rate of gain between
treatments (Table 8). Neither feed consumption nor feed efficiency
‘showed. apparent adverse effects to sulphate water treatments elther
alone or in combination with either 150 ppm or 300 ppm nitrate-nitrogen
(Table 9 and 10 respectively)., Water consumption showed an increase
over the period of experimentation in all treatments with a marked
differencé between the highest level of nitrate and the other two
treatments (Table 11). Levels of scouring were four, four, and five
scour days for the water treatments sulphate, sulphate plus 150 ppm
nitrate-nitrogen, and sulphate plus 300 ppm nitrate-nitrogen respec-
tively. Scouring was limited to the initial week of expgriment.

Methemoglobin (%) blood levels are not significantly different
among the treatments, No increase in % methemoglobin occurs with
increasing time on experiment (Table 12). Liver Vitamin A levels
indicate no consistent treatment variation (Table 13) which agrees
with results obtained by Seerley ?E;EQ;(1965) using identical levels
of nitrate-nitrogen. Similarily kidney weight as a percent of warm
carcass weight reflected no change in any of the three saline water

treatments (Table 14 (a)). Histologically kidney sections were normal,
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Table 8. Average Daily Gain of Pigs on a Weekly Period in kg

Per. Day
Week Sulphate Sulphate plus Sulphate plus
150 ppm Nitrate-Nitrogen 300 ppm Nitrate-Nitrogen
1 36 o34 .32
2 L7 L2 L6
3 .60 «59 «50
L . Ol 57 +55
5 .58 W 6l <58
overall1 <53 «51 49

1

Analysis of Variance for overall average daily gain is reported in
appendix Table 2,

Table 9, Feed Consumption of Pigs in Experiment I on a Weekly
Period in kg Per Day

Week  Sulphate Sulphate plus Sulphate plus
150 ppn Nitrate-Nitrogen 300 ppm Nitrate-Nitrogen
1 L6 L7 .50
2 1.16 1,19 1.00
3 1.15 1.33 1,01
L 1.00 <99 «98
5 1.45 1.47 1.33

overall 1,05 1.09 0.95
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Table 10, Feed Bfficiency of Pigs in lixperiment I (kg feed/kg gain)

Week Sulphate Sulphate plus Sulphate plus
150 ppm Nitrate-Nitrogen 300 ppm Nitrate-Nitrogen
1 1,15 1,40 1.60
2 2,60 2,82 2,16
3 1.94 2.28 2,00
L 1.63 1.73 1,60
5 2.50 2,32 2,30
overall 1,99 2,11 1,94

Table 11, Vater Consumption of Pigs in Experiment I keported in
Liters Per Day

Week  Sulphate Sulphate plus Sulphate plus
150 ppm Nitrate-Nitrogen 300 ppm Nitrate-Nitrogen
1 2,08 2,07 | - 2.24
2 2,06 2,09 2,24
3 2,63 2,61 3.17
L 3. 64 3.56 3.96
5 3.27 3.79 4o 3k

overall 2,78 2.87 3,24




Table 12,

L0

Percent Methemoglobin in Pig Blood for Experiment I with
Blood Samples Beineg Drawn on Days 20, 27 and 34,

Day Sample1 Sulphate Sulphate plus Sulphate plus
No 150 ppm Nitrate-Nitrogen 300 ppm Nitrate-Nitrogen
1 2,0 2.7 1.8
2 2,6 2.3 2,3
20 3 2.3 2.3 1.3
L 1.7 1.8 3.8
mean 2.15 2,27 2,30
1 1.2 2,0 3.6
2 1.0 2.5 2,1
27 3 b3 2.0 1.7
Ly 2.0 1.8 2.3
mean 2.13 2,08 2,43
1 0.9 0.6 1.6
2 1.9 1.0 1.6
3k 3 0.2 0 0.8
L 2.7 2.1 2.3
mean 1.43 0.93 1.75

1

Blood was drawn from four pigs per treatment on each day of sampling,
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Table 13, Iiver Vitamin A Levels (ug Vitamin A/gm Liver) Obtained Upon
sacrifice of Pies in Experiment I

Sample Sulphate Sulphate plus Sulphate plus
150 ppm Nitrate~Nitrogen 300 ppm Nitrate-Nitrogen
1 32.25 31.47 2k, 57
2 48,82 52,79 50,19

1Two pigs per treatment were sacrificed at the end of the Experiment I

Table 14, Kidney Size as a Measure of Eftfect of Saline Water on Kidney
Function, Measured as a Percent of Varm Carcass Weight,

(a) Experiment I

Sample1 Sulphate Sulphate plus Sulphate plus

No . 150 ppm Nitrate-Nitrogen 300 ppm Nitrate-Nitrogen
1 « 57 o 54 .63
2 .61 .60 «53

(b) Experiment II

Sample Control Sulphate Sulphate plus Sulphate plus
No., 150 ppm NO3-N 300 ppm NO3-N
1 40 49 «50 A2
2 nL”'? l53 051"’ 04‘5

1 40 o 54 48 A8

1
Two pigs per treatment were sacrificed at the end of each of the

three experiments I, 1I, ITI,
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EXPERIMENT II

Scouring was of major importance in Experiment II although
virtually all treatments including the control were affected to a
similar degree (Table 15), Scouring in this instance was not con-
fined to the initial period, and was of a clinical nature with
severe loss of condition among the pigs infected. Scouring here
was diagnosed as being due to Esherichia Coli and vibriosis,,
Scouring during the final 1l-week period is reflected in the average
daily gain, (Table 16), average daily feed consumption (Table 17)
and feed efficiency (Table 18), reported for that period, Although
there is a difference in average daily gain during the final period,
no significant differences were recorded over the entire experimental
period, Vater consumption (Table 19) indicates a consistent difter-
ence between the control treatment with a lower intake than the saline
water treatments, =

With respect to liver vitamin A stores (Table 20), there is a
tendency for lower values for pigs receiving 300 ppm nitrate-N,
This finding is comparable to results obtained by Garrison et al
(1966) using much higher levels of nitrate-N, Table 14(b) indicates
the relationship between kidney weight and warm carcass weight, and
there is no tendency towards higher percent kidney weight with the
saline water treatments as compared to the control treatment,

Although there were no significant differences between methemo-—
globin levels for the contrecl and sulphate treatments compared to the
sulphate plus 150 ppm nitrate-nitrogen or 300 ppm nitrate-nitrogen
treatments there is a trend toward higher levels in the pigs on the

sulphate plus nitrate-nitrogen treatments (Table 21).



L3

Again histological examination of kidney tissue indicated no

change in structure due to saline water treatments,

Table 15, Scouring in Pigs on Experiment II in Pig Days
Period Control Sulphate Sulphate Sulphate
plus 150 plus 300
ppnm rpn
Nitrate N Nitrate N
1 7 7 7 7
2 - - - -
3 - - - -
I - - - -
5 -— - - -
6 b L 3 -
Table 16, Average Daily Gain1 of Pigs over 1 Week Periods for the
Duration of the Experimental Period in kg Per Day
Period Control Sulphate Sulphate Sulphate
plus 150 plus 300
ppm ppm
Nitrate N Nitrate N
1 .08 0 .02 O
2 132 l23 l32 ‘33
3 43 36 27 35
L" '53 'L,'q' I38 qL,’6
5 '54 '63 -56 .61
6 H2 e 32 + 39 «60
overall <39 . 32 .32 A0

1Analysis of variance between treatments is

Table 3

reported in appendix




Table 17, Average Daily Feed Consumption for Pigs in Experiment IT1
(ke Per Day)

Period Control Sulphate Sulphate Sulphate
plus 150 plus 300
ppn ppm
Nitrate N Nitrate N
1 022 022 012 22
2 » 57 60 « 56 M3
.69 73 «05 .65
1.05 .90 <84 e ll3
5 1,22 1.10 297 1,09
6 1.07 1.02 1.27 ‘ 1.12
overall 0 30 075 .71 74

Table 18, Feed Efficiency of Pigs on Experiment II (kg feed/kg gain)

Period Control Sulphate Sulphate Sulphate
plus 150 plus 300
ppm ppm
Nitrate N Nitrate N
1 2.7 - 5.60 5.50
2 1.72 2,67 1.73 1.31
3 1.60 2,02 2.39 1.88
4 2,00 2.05 2,22 2,02
5 2,27 1,74 1.73 1.79
6 2,54 3.22 3.25 1.86

overall 2,07 2.33 2,26 1,86




Table 19, Water Consumption in Liters Per Day of Pigs
Initially Weighing 4-5 kg in Experiment IT

L5

Period Control Sulphate Sulphate Sulphate
plus 150 plus 300

ppm ppm
Nitrate N Nitrate N

i 06 »78 79 79

2 1.04 1.20 1.06 1.23

3 1.59 1.70 2,07 1.81

4 2,36 2,84 2,86 2.54

5 2,62 2,91 3.21 3,14

6 2,70 2,79 4,36 3.86

overall 1,33 2,01 24733 2.23

Table 20, Liver Vitamin A Ievels of Pigs (ug Vitamin A/gm Liver) in
Experiment IT

SampleiNo. Control Sulphate Sulphate Sulphate
plus 150 plus 300
ppm ppm
Nitrate N Nitrate N
1 59.79 69,22 81,04 48,70
2 75.68 88,41 58,64 49,19
1

Samples taken from
Experiment II.

livers of two pigs sacrificed at the

termination of
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Table 21, Percent Methemogldbig' in Blood for Experiment II with
Blood Samples Being Drawn on Days 24 and 31
2
Day Sample Control  Sulphate Sulphate Sulphate
No plus 150 plus 300
bpnm ppm
_ Nitrate N Nitrate N
1 1.3 1.7 6.6 b1
24 2 0 0.9 3.1 0
3 L,3 1.6 10,3 10,9
_ mean 1.87 1.30 6,67 5.0
1 1.4 0 3.9 2.9
31 2 0 1.7 L,3 4,8
3 5.2 2.1 1.9 7.1
mean 5,20 1.27 3,37 4,93

Analysis of variance in appendix Table 4

2Blood drawn from three pigs per treatment on the sampling days.
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EXPERIMENT III

Overall, average daily gain (Table 22) was not significantly
different for the four water treatments used, Neither feed con-
sumption (Table 23) nor feed efficiency (Table 24) indicated any
differences attributable to saline water treatments, During the
initial 3 weeks on experiment control pigs exhibited a trend toward
lower water consumption relative to saline water pigs as noted in
Bxperiment IT, The opposite was true (Table 25) in the last three
weeks, Scouring presented no problem, Initially, the pigs
receiving the three sulphate water treatments exhibited a dietary
scouring which disappeared once the pigs adapted the water change
(Table 26), This looseness of feces is reported on by Herrick
(1971) and is explained as an adaptive measure to the laxative
effects of the sulphate in the water,

Liver vitamin A levels (Table 27) did not indicate the trend
to lower levels with the 300 ppm nitrate-nitrogen treatment which was
obvious in Experiment II, this finding being in agreement with Seerley
et al (1965), As with Experiment I and IT no treatment variation
occurred in kidney weight as compared to warm carcass weights
(Table 14 (¢)). Similarily histological examination of kidney slices

showed no differences,
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Table 22, Average Daily Gains of Weanling Pigs in Experiment III
in kg Per Day

Period Control Sulphate Sulphate Sulphate
plus 150 plus 300
ppm ppm
Nitrate N Nitrate N
1 .10 <O .10 .07
2 +20 .17 025 .17
3 «50 40 43 A3
b ¢35 +38 49 )
5 69 A48 A7 7
6 .58 o 54 .55 L0
overalll 140 .33 .38 .33
1

Analysis of variance tetiween treatments is reported in appendix
Table 5

Table 23, TFeed Consumption of Weanling Pigs in Experiment III in kg

Per Day
Period Control  Sulphate Sulphate Sulphate
plus 150 plus 300
ppm bpm
Nitrate N Nitrate N
1 227 W22 029 o 27
2 »38 40 « 37 .36
3 o7 o 54 «73 .78
L »79 .60 .88 «75
5 1.23 1.21 1.25 1,27
6 1.29 1.09 1.23 .99

overall .78 .67 .79 s 73
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Table 2L, Teed Efficiency of Weanling Pies in Experiment IIT
Period Control— = Sulphate Sulphate Sulphate
plus 150 plus 300
ppm ppm
Nitrate N Nitrate N
1 2,62 5.45 2,76 3.89
2 1.86 2,39 1.46 2.17
3 1,“’9 1.33 1.69 1381",’
L 2.22 1.60 1.78 1.86
5 1,78 2,51 2.68 2,74
6 2,24 2,02 2.22 244
overall 1,94 2,02 2,06 2,20
Table 25, Water Consumption of Weanling Pigs in Experiment III in Iditlers
Pexr Day
Period Control Sulphate Sulphate Sulphate
plus 150 plus 300
ppm ppm
Nitrate N Nitrate N
1 0.66 1.29 .91 293
2 1.09 1.27 1.23 1.29
3 1.80 1.94% 1.74 2,01
L 4,08 L,14 3.97 L4,24
5 2,75 2.59 2459 2.33
6 4,00 3.64 3.43 3,17
overall 2,40 2.48 2.31 2,33
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Period Control Sulphate Sulphate Sulphate
plus 150 plus 300
ppm ppm

Nitrate N Nitrate N

1 0 5 6 6

2 0 0 0 0

3 0 0 0 0

L 0 0 0 0

5 0 0 0 0

6 0 0 0 0

Table 27, Liver Vitamin A Levels of Pigs (ug Vitamin A/gm Liver) in

Experiment ITIL

Sample1 Control Sulphate Sulphate Sulphate
No. plus 150 plus 300
ppm Ppm
Nitrate N Nitrate N
1 51.37 55,04 36,72 46,01
2 56,07 64,83 72,24 75.95
1

Samples taken from the two pigs per treatment sacrificed at the end

of Experiment IIT,
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EXPERIMENT IV

ixperiment IV involves the introduction of a high chloride lon
water treatment and a chloride plus 300 ppm nitrate-nitrogen water
treatment, The use of these chloride water treatments had no effect
on the trend of no statistical differences in average daily gain
between the water treatments (Table 28), WNo increase in average
daily feed consumption (Table 29) occurred, This consistancy with
no increase in average daily gain is reflected by no real differences
in feed efficiency (Table 30)., Aside from the initial period,
scouring was nonexistent., The increased scouring, (Table 31)
associated primarily with the sulphate treatment, was not reflected
in poorer gain, feed consumption or feed efficiency and hence repre-
sents a looseness of feces without loss of condition of the animals
involved, Water consumption (Table 32) for the control group of pigs
was lower than that reported for the saline water treatments substan-

tiating the trend previously reported in Experiments IT and III.
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Table 28, Average Dally Gainl of Weanling Pigs in Experiment IV
in kg Per Day

Period Control Sulphate Chloride Chloride
plus 300
ppm
Nitrate N
1 « 07 .07 11 .07
2 .18 .16 .16 .17
3 32 «30 .29 «29
overall .19 .18 .19 .18
1

Analysis of variance between treatments reported in appendix Table 6

Table 29. Average Daily Feed Consumption of Weanling Pigs in
Experiment LV in kg Per Day

Period Control Sulphate Chloride Chloride
plus 300
ppm
Nitrate N
1 « 22 «23 25 «22
2 .38 38 58 38
3 .75 .66 .53 .61

overall U5 L2 L5 A0
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Table 30, Feed Efficiency of Weanling Pigs in Experiment IV (kg feed/kg gain

Period Control Sulphate Chloride Chloride
plus 300
ppm
Nitrate N
1 3.00 3.37 2,19 3,16
2 2.12 2,31 3.58 2.26
3 2,34 2,2W 1.85 2.09
overall 2,35 2,41 2,41 2,28

Table 31, Scour Days for Pigs on Experiment IV

Period Control Sulphate Chloride Chloride
plus 300
ppm
Nitrate N
1 0 5 1 2
2 0 0 0 0
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Table 32, Water Consumption of Weanling Pigs in Experiment IV in
Liters Per Day
Period Control Sulphate Chloride Chloride
plus 300
ppm
Nitrate N
1 .63 1.01 1,06 1,01
2 67 1,08 1.10 .98
3 1,12 1,64 1.49 1,44
overall ,80 1,24 1.21 1,14
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EXPERTMENT V

Table 33 represents the average daily gain of pigs on the
experimental treatments, No significant differences occurred between
treatments, Within the group of pigs from the Glenlea Research
Station, 16 pigs were pre-conditioned to saline water by being allowed
access to the high chloride natural well water (used in Experiment VI
with sows and nursing litters) during the nursing period, As compared
to the remaining 11 pigs from the Glenlea Research Station there were
no significant differences between average daily gain for the two
groups (Table 34). No difference in scouring was observed between
the two groups originating from Glenlea Research Station,

On examination of the whole experiment, results indicate no
differences in average dally feed consumption (Table 35) and feed
efficiency (Table 36), Water consumption (Table 37) generally illus-
trated the previously mentioned trend toward lower water consumption
for the treatment receiving the control water, Scouring (Table 38)
occurred during the first week of the experiment but again was not of
a clinical nature and could not be attributed to the saline water

since both control treatments were involved,
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Table 33. Average Daily Gain1 of Pigs on Control, Chloride, and
Chloride §lus 300 ppm Nitrate-Nitrogen from either Campus

(Winnipeg) or Glenlea Research Station in kg Per
Day
Control Chloride Chloride plus
300 ppm Nitrate N
Source of
Piss Wpg. Water Glenlea Wpg. Glenlea Wpg. Glenlea
Period 1 .09 .003 14 .05 <14 .10
Period 2 .27 .20 olly .13 .15 022
Period 3 43 .27 .37 032 - .39 oly3
Period 4 43 3L .36 .29 o 26 .36
Period 5 « Sl <54 .50 A7 <54 <59
Period 6 .53 .54 .52 .38 o34 .57
overall .38 =31 .3l .27 .31 .38
1

Analysis of variance between treatments reported in appendix
Table 7(a).
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Table 3L. Average Daily Gain 1 of Pigs from the Glenlea Research Station
divided according to Pre-Treatment while Nursing Sows in kg Per Day

Control Chloride Chloride plus
300 ppm
5 3 Nitrate N
Control Saline Control Saline Control  Saline
Period 1 0 043 -OL9 oOL5 07 065
Period 1 ol5 . 22 .12 o1 .20 229
Period 3 027 .28 31 033 42 A5
Period L 027 .36 232 <28 231 37
Period 5 .52 .56 A6 AT o119 055

Period 6 49 65 3L o4l .55 .59

1Analysis of variance between treatments reported in appendix Table? (b)

2control - Refers to same water source (Winnipeg Water Supply) as is
used as control for all Experiments.

3Saline — Refers to natural well water as described in materials and
method for Experiment VI Sow and Nursing Litter Experiment.
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Table 35. Feed Consumption of Pigs in Experiment V in kg Per Day

Control Chloride Chloride plus
300 ppm Nitrate N
Source of

Ples Wpz. Water Glenlea Wog. Glenlea Wpg. Glenlea
Period 1 .16 29 .19 .20 .20 .22
Period 2 L6 .38 o140 037 .39 o0
Period 3 o 5l .50 o7 L7 43 .60
Period L4 1.06 oL .73 .71 .71 .93
Period 5 1.05 .89 .99 76 76 1,03
Period 6 1.20 1.08 1.11 .92 .87 .90
overall .75 .65 .65 .57 .56 .68

Table 36, Feed Efficiency of Pigs on Experiment V

Control Chloride Chloride plus
300 ppm Nitrate N
Source of ;

Pigs Wpg. Water Glenlea Wog. Glenlea Wpg. Glenlea
Period 1 1.76 10.9 033 L.31 1.54 2.22
Period 2 1.68 . 1.89 2,95 2.83 2.63 1,80
Period 3 1.25 1.87 1.27 1.46 1.07 l.42
Period L 2.48 2,22 2.04 2.39 2,76 2.60
Period 5 1.95 1.64 1.99 1.63 1.43 1.74
Period 6 2.26 2.11 2.15 2.42 2.60 1.59

overall 1.95 2.05 1.93 2,09 1.86 1.81
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Table 37. Water Consumption of Weanling Pigs in Experiment V in Liters Per Day

Control Chloride s+ Chloride plus
300 ppm Nitrate N
Source of

Pies Wpg. Water Glenlea Wpg. Glenlea Wpg . Glenlea
Period 1 61 .56 Th .69 .83 < Th
Period 2 .78 67 .86 Al <9l .85
Period 3 1.48 1.13 1.37 1.00 1.65 1.89
Period L 1.75 1.4, 1.51 1.24 1.28 1.92
Period 5 2.13 1.88 2.0l 2,10 2.13 2.30
Period 6 - 2.35 2.29 2.7 2.39 2,50 2,79
overall 1.52 1.33 1.5, 1.35  1.56  1.75

Table 38. Scouring in Weanling Pigs on Experiment V in Scour Days

Control Chloride Chloride plus
300 ppm Nitrate N

Wpg. Glenlea Wpg. Glenlea Wpg. Glenlea
Period 1 1 1 1 - - -
Period 2 1 1 1 - - -
Period 3 - - - - - -
Period 4 - - - - - -

Period 5 - - - - - -

Period 6 - - - - - -
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B, METABOLIC CAGE STUDY

With reference to the performance data collected, no signific-~
ance was found between treatment differences for average daily feed
consumption (Table 39) or for average daily gain (Table 40), Like
previous observations water consumption (Table 41) showed a slight
trend toward lower water consumption for the control group with the
differences between treatments not significant, Scouring (Table L)
exhibited the trend toward a dietary looseness among the saline
water treatments, Again it appeared a matter of adjustment to
treatment since scouring only occurred during the times of maximum
stress during the periods spent in the metabobic cages, The differ-
ence in scouring was not reflected in a change in feed consumption
or average daily gain.

With respect to the blood picture the hematocrit values (Table
43) showed no differences between treatments, The small number of
samples and variation within treatments for plasma sodium and plasma
potassium values negated some apparent treatment differences.

Urine volumes (Table 44) were not significantly different for
treatments, The sodium excretion (Table 44) by the kidney was
significantly greaterl for the saline treatments compared to that
excreted by the control, indicating excess sodium was eliminated

from the body by means of the kidney. As well as significant in-

creases in urinary sodium excretion between treatments, there was

1Differentiation of means using a Duncan's multiple range test. Control
water treatments significantly different (P<.01) from the saline
water treatments.




61
a significant increase (P¥§.Ol) in ufinary sodium exretion with
succeeding periods regardless of treatment. Urinary potassium
(Table L4L) levels of excretion could not be differentiated with respect
to treatment.

No statistical differences occurred in fecal dry matter percent
although all saline water treatments had lower percent dry matter
than the controls.

Analysis of the feces for percent ash (Table 45), showed no
significant differences between treatments. Fecal potassium levels
(Table 45) did not vary with treatment. Although two methods were
used in obtaining samples for analysis’of fecal sodium,statistical
analysis of the two methods indicated no significant difference
between methods. There was a significant difference between days
within methods of sampling but no difference between water treatments.
During period 3 the fecal potassium excretion was lower than values

obtained for periods 1 and 2. No ready explanantion is available

for this observation.
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Table 39, Average daily feed! consumption of Pigs in Metabolic Cage
study (kgPer Day)

Sulphate plus Sulphate plus
Control Sulphate 150 pﬁm Nitrate 300 pﬁm Nitrate
Period 1 023 o225 .20 .26
Period 2 37 .38 e33 35
Period 3 .51 37 L <33
Period 4 U5 .50 .36 1.01
Period 5 .86 .86 .83 - .84
overall L8 7 R .56

lAnalysis of variance between treatments reported in Appendix
Table 8
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Table 40, Average daily gainsiof Pigs in Metabolic Cage study on a

weekly basis (kg Per Day)

Sulphate plus

Sulphate plus

Control Sulphate 150 pﬁm Nitrate 300 pﬁm Nitrate
Period 1 .16 .16 .08 11
Period 2 21 23 .18 «26
Period 3 .51 «39 .36 «35
Period 4 48 69 57 47
Period .5' .29 .21 .20 .31
overall 233 3L .28 30

lAnalysis of Variance between treatments reported in appendix

Table 9
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Table 41, Averaece dally water consumption

of Pigs 1n Metabolic Cage
study (liters Per Day)

Sulphate plus Sulphate plus
Control  Sulphate 150 ppm Nitrate 300 ppm Nitrate
N N
Period 1 1.13 1,63 1.47 1,10
Period 2 1.33 1.54 1,22 1.25
Period 3 1,60 2.04 1.48 1.41
Period 4 2.26 2.55 2,02 2,40
Period 5 2.23 2.67 L, 06 2,60
overall 1,71 2,09 2,05 1.75

1
Analysis of Variance between treatments reported in appendix
table 10
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Table 42, Scour days of pigs in Metabolic Cage study

Sulphate plus Sulphate plus

Control Sulphate 150 ppm Nitrate 300 ppm Nitrate
N N
Period 1 1 3 L 2
Period 2 0 6 5 4
Period 3 0 0 0 0
Period 4 0 0 0 0

Period 5 0 0 2 1
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Table 43, Analysis of Pig Blood Obtained by Puncture of the Anterior
Vena Cava on Day 15 of the Metabolic Cage Study

Control Sulphate Sulphate plus Sulphate plus
150 ppm 300 ppm
Nitrate N Nitrate N
Hematoerit 31.75% 0.43 28.63%0.52 31.75X1.01 31.13%1.52

(Percent)

Sodium 140.05 X 1.43 140.55%1.50 146.05%2.59 152.05% 6.77
gserum

meq/1

Potassium  4,,90% 0.37  4.92% 0.2} 1.13%0.52 4.80% 0,34
gserum

meq/1

i
Blood samples drawn from all pigs in metabolic cage study.

2
A1l values are mean values for the two observations per treatment
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Table 44, Metabolic Cags Studys Urine Volumes and Urinary Excretion
of Sodium and Potassium in meq/Day.

Control Sulphate Sulphate plus  Sulphate plus
1 150 ppm 300 ppm
Period Nitrate N Nitrate N
Urine 2 1 413,57 385,71 213,57 266.79
Volumes
2 369,29 419,64 396,43 L66,07
3 968, 57 978.21 1075,71 876,07

overall 593.17% 123.9 594.52% 131.6 573.80% 17L.5 584.60% 117.7

Urinarys 1 7.26 36,65 17.76 25,06

Sodiunm

meq/day 2 23,84 58,46 7l , 89 86,27
3 72,88 128,20 139,19 145,87

overall 35.33 ¥ 3h.24 85.77 € 325 .27 34,28 92,12—3-_31+.2B

Urinary 4 1 50,30 79.19 37,36 63,28

Potassium

meq/day 2 Lo, 07 33,48 49,77 Li,91
3 59,94 56,46 48,85 63,80

overall 51.71% Lok 56,59 % 10.6 }5.33E 5.7 73,93 X 21.5

1
Periods 1, 2 and 3 represent the 3 seven day periods pigs were in
metabolic cages,

2
Analysis of variance for urine volumes reported in appendix Table 11

3

Analysis of variance for urinary sodium reported in appendix Table 12.

Saline water treatments significantly greater (P .0l) than control
water treatment,

I
Analysis of variance for urinary potassium reported in appendix
Table 13
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Table 45, Metabolic Cage Study: Analysis of Feces for Percent Dry
Matter, Percent Ash and Sodium and Potassium Excretion in
. meq /day
Control Sulphate Sulphate plus  Sulphate plus
150 ppm 300 ppm
Period Nitrate N Nitrate N
Percent 1
Dry Matter 1 27 4y 22,33 19.10 26.38
2 28,43 19,42 19,30 20.57
3 25,94 25.35 20,69 24,16
overall 26.22%21.91 22.63% 1.40 19.73% 1.11  23.99% 1.40
Pergent 1 12,26 15.76 14,91 %,71
Ash?
2 20,42 21,92 18,68 2L, 15
3 13,90 13,20 13,51 16,90
overall 15.08%¥1.99 . 16.50% 1.83 15.43%1.38 18.09% 2,06
Fecal 1 20,54 62.65 5l Ll 47,20
Sodium 3
Percent”’ 2 28,19 80,00 59,88 65,18
meq/day
3 17.59 18,04 15,34 16,69
overall 21.96% 29,61 52.67%#29.61 42.81% 29.61 L2.,8% 29.61
1

Analysis of variance reported in appendix Table 14

2

Analysis of variance reported in appendix Table 15

3

Analysis of variance reported in appendix Table 16

4

Fecal sodium and potassium done on the odd numbered daysare from the

ashed samples whereas those done on the even numbered daysare trom the
expressed juice method of collection
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Table 45, Metabolic Cage Study: Analysis of Feces for Percent Dry

(Cont) Matter, Percent Ash and Sodium and Potassium Excretion in
meq /day
Control Sulphate Sulphate plus  Sulphate plus
150 ppm 300 ppm
Period Nitrate N Nitrate N
Fecal 5 1 Oh,22 112,14 115,01 95,61
Potassium
meq /day 2 85,41 83.31 58,74 74,90
3 68,02 51,32 52,91 51,54

overall 82.,9T5.8 82,63 % 11.6 75.96% 12.9 73.99% 10.9

5
Analysis of varlance reported in appendix Table 17
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C, SOW AND NURSING LITTER EXPERIMENTS

Average daily gains for pigs O to 3 weeks of age recelving elther
water from the Winnipeg water supply or the Glenlea well water showed
no significant difference due to water treatment in either Experiment
vI(a) or Experiment VI(b), Data from Experiment VI(a) and VI(Db) (Table
46) indicated that with respect to average weaning weights there were
no differences of any magnitude between pigs on either treatment,

Mortality appeared to be an important factor in Experiment VI(a)
but the difference between treatments was not supported by the results
of Experiment VI(b), Although mortality appeared quite a factor in
Experiment VI(a) a closer look at the individual sows indicates no
trend toward higher mortality due to saline water treatments since
the performance of the sows is 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. According to
Barber et al (1964) water consumption normally is extemely low among
nursing pigs during the first three weeks of 1life, Since pigs will
normally drink fresh water in preference to saline water (Heller

1933) nursing pigs are apt to rely on milk as their source of water.
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Table 46, Data from Sow and Nursing Litter Experiment VI(a) and (b)

Winnipeg Water Glenlea Water
Experiment VI(a)
Number of Litters1 5 6
Number of Pigs Born Alive 8,60 8. 50
Per Litter
Number of Pigs Weaned Per 8.20 7,00
Litter '
Average Weaning Weight (kg) | 6.1 6.4
Average Dailly Gain (kg)2 0.22 0.19
Mortality 2 9
Total Number of Pigs Born L3 51
Experiment VI(Db)
Number of Litters L 5
Number of Pigs Born Alive 8.5 9,0
Per Litter
Number of Pigs Weaned Per 8.0 8.8
Litter ‘
Average Weaning Weight (kg) 5.9 ‘ 5.8
Average Daily Gain (kg) 0.21 0,21
Mortality 2 1
Total Number of Pigs Born 34 45
1

Two sows from the Winnipeg water treatments, one from each replicate
(a) and (b), failed to produce litters,

2Analysis of variance of average daily gain for Experiments VI(a)
and (b) are reported in appendix Tables 18 and 19 respectively.
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Table 46, Data from Sow and Nursing Iitter Experiment VI(a) and (b)

(cont) Winnipeg Water Glenlea Water
Overall

Number of Litters 9 11

Number of Pigs Born Alive 8,56 8.73

Per Litter

Number of Pigs Weaned Per 8,11 7.82

Litter

Average Weaning Weight (kg) 6,0 6,1

Average Daily Gain (kg) 0.21 0.20

Total Mortality L 10

Total Number of Pigs Born 77 96
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D, OVERALL

Unlike results from research by Stothers (1960) and Stothers and
Palmer (1961),who used higher levels (10,000 ppm and up) of total solids
on laréer pizs, no significant differences in average daily gain occurred,
No feed consumption and feed efficiency differences occurred between
saline water treated pigs and those receiving control water, o treat-
ment differences in average daily gain, feed consumption and feed
.efficiency agree with work by Stothers (1970) in which slightly older
(3 to 5 weeks) ard heavier (6,4 kg) pigs received a sulphate water
containing approximately 2000 ppm total solids,

Similar to the Stothers (1970) work, scouring created no serious
problem, There was generally an initial period of adaptation during
which some of the pigs exhibited a dietary scouring, The dietary
scouring is primarily associated with the sulphate water treatments
and the cathartic effects of the sulphate ion (Herrick 1971), This
scouring does not reflect a change in the performance of the piglet
and should not be confused with the clinical situation associated with
Experiment II where desease resulted in loss of condition amongst the
weanling pigs involved. Dietary scours was at a minimum when waters

high in the chloride ion were used.

With respect to water consumption there appears to be an overall
trend to higher water consumption by saline water pigs (Table 47).
This observation coincides with results obtained by Embry et al
(1959), Stothers (1960), Stothers and Palmer (1961), Roy and Boylan

(1964) and Stothers (1970) who reported higher water consumption
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Table 47, Water Consumption as a Percent of Control Water Treatments
in the Five Weanling Pig Experiments

A, Sulphate vs Control: as a percent increase in water consumption
of sulphate water treatments over controls

Control Sulphate Sulphate plus Sulphate plus
Period 150 ppm 300 ppm
Nitrate N Nitrate N
1

1 .65 58.5 30.8 32.3
2 .93 51.6 55.9 71.0
3 1,50 63.3 31.3 34,7
L 3,22 -0,6 -0,2 3,1
5 2,69 13,4 16,0 16,7
6 3.35 - =36 15,2 13.1
overall 2,12 14,2 19.3 22,6

1 ,
Control treatment values are actual values in liters per day.
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Table 47, Water Consumption as a Percent of Control Water Treatments
(Cont) in the Five Weanling Pig Experiments

B, Chloride vs Controls percent increase in water consumption of
chloride water treatments over controls

Control Chloride Chloride plus
Period 300 ppm
Nitrate N
1
1 .60 38.3 43,3
2 71 25,4 29,6
3 1,24 L,0 33.9
b 1,59 ~13.2 0.6
5 2,01 3.0 10,4
6 2.32 10,8 1,2
overall 1,43 1.4 16,1

1
Control treatment values are actual values in liters per day.
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in swine receiving saline waters. The difference between control

and saline treatments was greatest during the initial period of the

experiment. 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 during the fourth week, the
differences virtually disappeared. With the exception of one value,
the difference was again realized in the remaining two periods

although not as dramatic.

The nitrate levels used by Seerley et al (1965) in their work
with older pigs were similar to the levels used in the weanling pig
experiments. The results indicating no differences with respect to
average daily gain, feed consumption or feed efficiency, regardless of
the nitrate levels in the water, compared favourably to their results.
Garrison et al (1966) found a marked reduction in rate of gain and
feed efficiency in pigs receiving 420 ppm nitrate-nitrogen.

In the same research, a significant (P.< .0l) increase in
methemoglobin was shown with nitrite at 112 ppm nitrite-nitrogen but
not at levels of 420 ppm nitrate-nitrogen. No explanation was given
for the impaired performance of the growing and finishing pigs given
420 ppm nitrate-nitrogen in the water. Seerley et _al (1965) found
measurable but small increases in methemoglobin when water was drunk

containing levels of 100 ppm nitrate-nitrogen. The methemoglobin

levels were similar to the higher levels of methemoglobin resulting
from sulphate plus 150 ppm and 300 ppm nitrate-nitrogen water treat-
ments in Experiment ITI but no detrimental effects on performance were

noted. Seerley et al (1965) indicated that day old pigs are no more
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susceptible to nitrate induced methemoglobinemia than the same pigs
when older. It appears unlikely that enough nitrite would be formed
and consumed in water alone to cause a toxicity in weanling pigs if
the initial nitrate-nitrogen content is 300 ppm nitrate-nitrogen or
less. This concept is verified by work by Seerley et al (1965) using
growing and finishing pigs and gilts through two farrowings.

In contrast Case (1957, 1963 and personal communication) pre-
dicted performance changes in pigs receiving more than 10 ppm nitrate-
nitrogen with the severity of the‘subtle physiological changes

increasing with increasing levels of nitrate-nitrogen. His assumption

was not verified in these experiments as aside from increased sodium
excretion in the urine, no dramatic differences were noted between
control pigs and any saline water treatment with or without nitrate.
Liver vitamin A stores showed no tendency to change due to
treatment.l Seerley et _al (1965) found similar results with growing
and finishing swine. Garrison et al (1966) used growing and finishing
pigs receiving levels of nitrate-nitrogen up to 420 ppm and found
significant differences (P<.05) between liver vitamin A stores of
controls and those given the maximum levels of nitrate-nitrogen.
BEmerick and Olson (1962) stated that vitamin A stores in the liver of
rats are affected by dietary nitrite but not by dietary nitrate when
vitamin A is administered orally. No effect due to nitrate was
réported with subcutaneous administration of vitamin A. It is therefore

possible that not enough nitrate was converted to nitrite in the

1Analysis of variance for vitamin A stores reported in appendix
Table 20.
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gastro-intestinal tract to causé a loss of vitamin A. In the latter
case, less vitamin A would be available for absorption and hence liver
stores reduced.

Analysis of variance for kidney weight1 indicates no significant
differences between treatments. This observation combined with the
findings of no histological changes in kidney structure indicates the
kidney's ability to handle the excess ions availlable due to high
salinity (6000 ppm total solids) in the water supply.

Bohstedt and Grummer (1954) found no increase in serum sodium.
"This observation agrees with serum sodium data obtained from the
metabolic cage study. Garrison et al (1966) found hematocrit values
tQ be similar throughout their treatments. Hematocrit values in the
metabolic cage study indicate a similar result.

The increased dietary sodium intake in a very available form is
reflected in the significant differences between urinary sodium
levels recorded for control versus the three sulphate waters.
Although increased sodium excretion occurred in the feces the major
means of removal of the excess sodium ions is via the kidney.

With respect to pig mortality, a condition attributed to the
use of saline waters among field workers, no such relationship could
be found in either the weanling pig experiments or in the sow-nursing
litter experiments. Results of the sow-nursing litter experiments
agree with those obtained by Roy and Boylan (1964) using similar

water treatments but not using the added stress factor of total

1Analysis of variance for kidney weights reported in appendix
Table 21.
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confinement barns. Since no differences between treatments with
- respect to average daily gain, general thriftiness of piglets, or
sow condition was noted it can be stated that saline waters at 4500
ppm did not cause any deviation in performance of nursing piglets or

of their dams.



80

SUMMARY AND CONCLUSIONS

Saline waters at levels of approximately 6000 ppm total solids,
high in either sulphate or chloride ions and containing various levels
of nitrate-ritrogzen (0 ppm, 150 ppm or 300 ppm) caused no treatment
variation in average daily feed, average daily gain or feed efficiency
of pigs initially welghing between 4 and 6 kg and 3 to 4 weeks of
age,

Water consumption for pigs on saline water treatments was gener-
ally higher than that reported for control water treatment pigs,
Voluntary water consumptions under normal conditions of non saline
water for pigs weighing between 4 and 6 kilograms ranged between ,56
and ,66 liters per day, while pigs weighing an average of 20 kgs
consumed on the average 2,45 liters per day,

Diarrhea created no serious problem with respect to performance
of weanling or nursing pigs.

Liver vitamin A stores were not affected by any levels of
nitrate N up to the maximum of 300 ppm tested,

Kidney welght and the kidney histological structure were not
affected by saline waters at the levels used,

Percent methemoglobin was higher in only Experiment II with high
nitrate-nitrogen but the performance of the pigs on treatments:
recelving nitrate-nitrogen at 150 ppm or 300 ppm was not adversely
affected,

Pigs receiving saline waters high in the salts of scdium, exhib-

ited significantly higher concentrations of sodium in the urine,
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although urine volumes were not significantly affected by treatment.
Neither urine potassium nor fecal potassium were affected by saline
treatments. Fecal sodium levels reflected the amounts available in
the diet with the control level showing a tendency to be lower than
the saline water treatments. Hematocrit, blood sodium and blood
potassium did not vary with treatment.

Fecal percent ash was unaffected by treatment.

Saline waters of 4500 ppm total solids high in chlorides had
no bearing on average daily gain and general good health of nursing
pigs between O to 3 weeks of age or on the general health of their

dams.
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APPENDIX Table 1. Composition of the various rations used in the
experiments with weanling pigs, the metabolic cage study
and sow nursing litters experiments

I. COMMERCIAL CREEP % of ration
Crude Protein (Min %) 18
Crude Fat (Min %) L
Crude Fiber (Max %) 3
Salt (Actual %) 0.45
Calcium (Actual Ca) 0.85
Phosphorus (Actual P) 0.70
Zinc ' 0.01

Plus these additives per kilogram

Arsanilic Acid 0.099 gm
Vitamin A (Min; 11,000 1U
Vitamin D (Min 2,200 U
Chlortetracycline Hydrochloride 0.11 gm
Sulphamethamine 0.11 gnm
Penicillin (Procaine) 0.06 gm
1I. UNIVERSITY CREEP % of ration
Wheat . 77.3
Sugar 5.0
Soybean 0il Meal 10.4
Fish Meal 5.2
Defluorinated Rock Phosphate 0.7
Limestone (Calcium) 0.9
Salt 0.5

Plus these additives per kilogram:

Zinc Carbonate 0.2 gm
Vitamin A (5000 IU per gm) A gm
Vitamin D (6000 IU per gm) 0.07 gm
ASPe 250 1.98 gm



APPENDIX Table 1. Composition of the various rations used in the
(Cont)  experiments with weanling pigs, the metabolic cage study
and sow nursing litters experiments

III. UNIVERSITY STARTER % of ration
Barley 72.5
Soybean 0il Meal 25.0
Defluorinated Rock Phosphate 1.0
Limestone 1.0
Salt 0.5

Minerals and vitamins as additives per kilogram:
Vitamin A 25000 U/, ; 0.4 gnm
Vitamin D (6000 IU/gm 0.06 gm
Vitamin B12 0.8 gm
Zinc Carbonate 0.12 gm
ASPe 250 2,50 gm

V. "~ LACTATION RATION % of ration
Barley 89.75
Soybean Meal 8.0
Limestone 1.25
Calcium Phosphate 0.5
Salt 0.25

Additives per kilogram:

iR D o w/e it &
Vitamin B 0.08 gm

12
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APPENDIX Table 2. Analysis of variance of average daily gain in
Experiment I, using a completely randomized design

Source of Variation df ss ms F
Total 26 1320.41

Treatment 2 88.91 Ll L5 0.87
Error 21, 1231.50 51.31

APPENDIX Table 3. Analysis of variance of average daily gain for
Experiment ITI, using a completely randomized design

Source of Variation af ss ms F
Total 33 2704 .38
Treatment 3 228.75 76.25 0.92

Error ' 30 275,63 82,52
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APPENDIX Table 4. Analysis of variance between treatments of percent
methemoglobin® in blood for weanling pigs in Experiment II

Source of Variation daf sSs ms F
Total 23 696.25

Treatments 3 20L.29 68.10 2.39
Days 1 2.96 2.96 0.10
TxD 3 3L.58 11.53 0.41
Error 16 L5k 142 28,10

1

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

APPENDIX Table 5. Analysis of variance of average daily gain for
Experiment IIT using a completely randomized design

Source of Variation daf sS ms F
Treatment 3 250.65 83.55 1.03

Error 31 2505.50 80.82
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APPENDIX Table 6. Analysis of variance of average daily gain in
Experiment IV using a completely randomized design

Source of Variation df ss ms F
Total 35 160.19

Treatment 3 5.30 1.77 0.37
Error 32 154..89 L.8L

APPENDIX Table 7. (a) Analysis of variance of average gain in
Experiment V using a completely randomized design

Source of Variation df ss ms F
Total 53 1.3019

Treatment 2 0.0879 0.0439 1.85
Error 51 . 1.2140 0.0238

(b) Analysis of variance of average daily gain
between pigs in Experiment V receiving saline water previous
to experiment and those not receiving saline water
previously within the Glenlea born pigs using a completely
randomized design

Source of Variation af SSs ms F
Total 26 121,8.80
Treatment 5 396.0L 79,21 1.95

Error 21 852.76 L0.61
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APPENDIX Table 8. Analysis of variance of average daily feed for
pigs in metabolic cage study using a completely randomized

design
Source of Variation df ss ms F
Total 19 1.19
Treatment 3 0.05 0.018 0.25
Error 16 1.14 0.07

APPENDIX Table 9. Analysis of variance of average daily gain for pigs
in metabolic cage study using a completely randomized design

Scurce of Variation df ss ms 1
Total 19 51

Treatment 3 .01 -Q0L 0.11
Error 16 .50 .03

APPENDIX Table 10. Analysis of variance of average daily water

consumption for pigs in the metabolic cage study using
a completely randomized design

Source of Variation daf ss ms F
Total 19 10.03
Treatment 3 0.58 0.19 0.32

Error 16 9.45 0.59
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APPENDIX Table 11. Analysis of variance of urine volumes for pigs
in the metabolic cage study using a completely randomized

design
Source of Variation daf ss ms F
Total 7 L.997
Treatment 3 0.060 0,020 0.02
Error L L9377 1.234

APPENDIX Table 12. Analysis of variance for sodium excretion volumes
for pigs in metabolism cage study using a completely randomized
block design

Source of variation df sS ms ¥
Total 167  673676.8

X3
Treatment 3 68333.1 227777 9.72
Period 20 3154,50.9 1577245 6,73
TxP 60 93091.0 1551.51 0.66
Error 8L  196801.9 234,2.9

Differentiation of means by Duncan's multiple range test indicates
controls are significantly different (P<.01) from saline water
treatments and that with periods there was a significant (P£ .01)
increase with increasing age of pig
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APPENDIX Table 13. Analysis of variance of urine concentrations
of potassium for pigs in the metabolism cage study using
a completely randomized design

Source of Variation df ss ms F
Total 7 2149.1

Treatment 3 3484 116.1 0.26
Error L 1800.7 1L50.2

APPENDIX Table 14. Analysis of variance of percent dry matter in
feces using a completely randomized design

——

Source of Variation af ss ms F
Total 7 71,02

Treatment 3 L .11 14,70 2.19
Error L 26.91 6.73

APPENDIX Table 15. Analysis of variance of percent ash of feces of
pigs in the metabolic cage study using a completely
randomized design

Source of Variation af Ss ms F
Total 7 22,07
Treatment 3 12.86 L .29 1.86

Error L 9.21 2.30
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APPENDIX Table 16. Analysis of variance between treatments for
fecal sodium levels in metabolic cage study

Source of Variation daf ss ms F

Total 159 338471.1

Methods 1 L .9 L9 0,008
X%

Between days within 18 100243 .1 5569.1 3.41

methods

Between treatments 60 97902 .43 1631.7 0.93

within days within

methods

Within treatments 80 14,0280.7 1753.5

within days
within methods
(error)

APPENDIX Table 17. Analysis of variance between treatments for
fecal potassium in metabolic cage study

Source of Variation af ss ms F
Total 7 506 o4

Treatment 3 125.5 L1.8 Oy
Error L 380.9 95,2
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APPENDIX Table 18. Analysis of variance of average daily gain of
pigs in Experiment VI(a)

Source of Variation af Ss ms F
Total 83 0.25

Treatment 1 0.011 0.011 3.87
Error 82 0.24 0.003

APPENDIX Table 19. Analysis of variance of average daily gain of pigs
in Experiment VI(Db)

Total 71 0.25
Treatment 1 000002 000002 0005
Error 70 0.25 0.00L

APPENDIX Table 20. Analysis of variance between treatments for
vitamin A content of pigs liver from pigs sacrificed at
the termination of Experiments I, IT and III

Source of Variation af ss ms F
Total 21 584L2.9
Treatment 3 L461.0 153,.7 0.51

Error 18 5381.9 299,0
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APPENDIX Table 21. Analysis of variance of kidney weight as a per-
cent of warm carcass weight in pigs sacrificed at the end
of Experiments I, IT and III

Source of Variation af ss ms F
Total 21 0.084
Treatment 3 0.028 0.009 2.95

Error 18 0,056 0.003




