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i. INTRODUCT! .

In this paper the following points concerning the harmful effects
of drinking water upen man and animal are discussed: («) Polsoning
with excessive quantities of ‘“ normal or wholesome water ’” (11T A).
{6) Poisoning due to the drinking of excessively cold water (IT B).
(¢) Poisoning due fo drinking of distilled water (I1I). (d) Poisoning
due to drinking of excessively minerali 1 waters (IV). (e) The
role played hy excessively saline waters i the causation of urinary

calculi (V).

Under IV and V only water from bore-holes and wells will
be referred to. It might be mentioned that water (effluents) from
mines and factories may contain toxic quantities of cyvanide, lead,
iron  (sulphate), manganese, sulpburic acid, zinc (sulphate),
aluminium, arsenic, copper, chlorides, etc. Dr. C.S.M. Hopkirk,
Officer in Charge, Veterinary Laboratory Wallaceville, Wellington,
New Zealand, verbally informed one « wus (D.G.S.) that at a
certain place in New Zealand water se ing through a mountain
side contains toxic quantities of arsenic. The mountain consists
of arsenic-containing ore. In one case where soil and water from
a well in South West Africa were submitted for analysis traces
of arsenic were found in the soil but none in the water.

Kooyvmans (1938) referring to the r oval of manganese from
drinking water states that wholesome drinking water should not
contain more than 0-1 mg. of manganese per litre. Water containing
excessive quantities of manganese causes brown stains in clothing
(textile industries), has detrimental effects on fermentation
(breweries), and causes the deposition of : nganese in the p ing.
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In the course of investigations conducted by oune of us (D.(x.8.)
into problems of suspected poisoning of stock in South West Africa,
the North-Western Cape Districts (Kenhardt, Gordonia), and the
North-Western Transvaal it was evident that both man and animal
suffer as a result of drinking highly mineralised water. In a
nuniber of cases the water was so poisonous, due mainly to the
presence of large quantities of nitrates and chlorides, that the
animals died within an hour after having drunk it. Excessively
saline waters oceur chiefly in the semi-arid and arid regions of
South Africa. It should be mentioned that otherwise wholesome
water containing harr quantities of fluorine is of fairly wide
occurrence 1n  South Africa (Southern and Western Trunsvaal,
North-Western Cape, South West Africa). Numerous complaiuts
concerning the detrimental cfteets of drinking water on man and
animal have been received from these areas.  Many specimens of
suspected waters have been analysed and the rvesults are referred
to 1 this article.

MrraHons or ANATYSTS.

The following methods are heing used at Onderstepoort in the
analysis of specimens of water :—

(@) Total Nolids.—The water is evaporated to dryuess on
a water bath, heated in an air-oven at 100° C. for two
hours and weighed.

(b) Temporary Hardness.—7The water 1is titrated with
hydrochloric acid using methyl orange as indicator
according to Achner’s method (Threadwell and Hall,
1930).

(¢) Nitrates.—The method wused is that of Caron and
Raquet (1936).

(d) Fluorine.—The method is a modification of the method of
Willard and Winter (1933) and that of Armstrong (1936).

(e) Chlorides.—The chlorides in the water are precipitated
with silver nitrate and the excess silver nitrate titrated
with potassium thiocyanate using ferri alum as indicator
(Malan and van der Lingen, 1931).

(f) Sulphate.—The method used is that iven by Scott (1920).

(9) Caleium.—The calcium is precipitated with ammonium
oxalate as calcium oxalate and t latter titrated with
potassimm permanganate (Godden, 1937).

(h) Magnesium.—Caleium when pres ¢ is rvemoved with
ammonium oxalate and magne un precipitated as
magnesium ammonium phosphate u which phosphorus
is determined colorimetrically, alan and van der

Lingen, 1931, and Holzapfel, 1934).

() Potassiwm.—Potassium  is  precip 1ted as potassium
sodium cobalti nitrate in whi it is determined
titrimetrically with potasinm permanganate (Malan and

var der Lingen, 1913, and Holzapfel, 1934).
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content was reduced by approximately 50 per cent. They warn

against the administration of large quantities of water particularly
in post-operative cases as there 1s a danger of water poisoning.

B. Porsoxixt Dte 1o DRrinkInG Excrssiveny Corn WaTer.

Moutax (1937) describes the following symptoms in cattle as

a result of ingesting cold water:—(¢) temporary atony and
tympany of the rumen; (b)) generalised vasomotor disturbances:
dyspnoea, congested Mmucous membranes, ss of appetite, low skin
temperature, and haematuria (hequentlg These symptoms ay

last for three days after which period the animals may recover:
v¢) Liocalised vasomotfor disturbances: cerebral congestion with
Laemorrhage in one case. 1In one case there was fatal pulmonary
haemorrhage. Moutax observed the following symptoms in a
fwo-year old heifer immediately ofter ingestion of cold water: total
loss  of muscular coordination, sterterous respirations, loss of
consciousness, and coma interrupted by convulsions. The animal
ook several months to recover completely.

ill. POISONI? DUE TO DRINKING = DISTiLLE WATER.

From the discussion under 11 A it 1s obvious that large
quantities of distilled water will be more likely to induce °° water

poisoning '’ than tap water owing to the absence of salts from the
former.

Straub (1934) reports that the pharmacologist Starkenstein in
Prague drank early in the morning on an empty stomach one litre
of distilled water within a short time. Diuresis followed and within
four hours 900 c.c. of urine instead of the usual 200 c.c. were voided.
Starkenstein experienced no ill-effects. After one litre of physiolo-
gical saline (0-9 per cent. NaCl) was dr k only 250 c.c. appeared
in the urine.

Straub states that large quantities of distilled water will cause
distension (swelling) of the cells of the intestinal mucous membrane,
the cell globuline will be precipitated, the function to absorb water
will be retarded and if this were to occur over the whole intestine.
diarrhoea will follow. Anybody, Straub continues, who quenches
lis thirst hy eating snow is aware of this fact.

V. POISONING DUETO DR KING( WATERCONTAINING
EXCESSIVE QUANTITIES OF SALT.

Qruan1iTirs of WATER TAKEN BY HuruamaN BEINGS AND ANTMALS.

This depends wpon the following factors: {(a) Humidity and
temperature of the atmosphere: The lower the degree of humidity
and (or) the higher the temperature the greater will be the quauntity
of water ingested. (b) Nature of feed or food: the drier the feed or
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food the greater the consumption of water —ill be. (¢) Exertion:
The greater the physical exertion (work) e more water will be
consumed as a vesult of excessive pevspiration.  Any  condition
associated with perspiration will have this effect. (d) Degree of
salinity of the water: The higher the degree of salinity of the water
the more likely it will be to induce diarrhoea and diuresis. This
in turn ix partly responsible for the fact that man or animal drinking
such saline waters have great difficulty in quenching their thirst.
The inevitable result is increased consumption of water. This has
been on several oceasions the personal experience of one of us
(D. . S who was foreed te drink saline wafers in the course of
his investigations. In the areas concerned he has scen cattle drink-
ing natural saline water until the abdomen was distended.  They
would then walk away a short distance fro o the drinking trough
and stand and look back at the trough as it contemplating another
drink., Some of the cattle were actually seen to return 1o the trough
and to attempt to drink more water.  These animals parged freely
and the calves were stunted and pot-bellied.  («) Bingham (1933)
in a discussion on the water requirements of surgicol patients writes
“although each case must be separately considered, (he minimal
fluid intake in the davs following aperation should be from 3,000
to 4,000 ¢.c. a dav (approximately 5-7 pints) if necessary by the
intravenous route 7. 1le continues ** if necessary loss from vomiting,
ete. occurs the extra volume of fluids s0 lost must be added to the
amount which the patient in any case requives =

%3

In his experiments with water containing caleium c¢hloride or
caleium  sulphate Heller (1933) found that on some days cows.
weighing approximately 375 to 425 Kg., consumed up to thirteen
vallons ( —approximately 11 Imperial gallons).  With 195 per cent.
salt (NaC') water and “* pure water ° he recorded daily quantities
of up to almost twenty gallons ( = approximately 17 Tmperial gallons)
drunk by cows.

Ashe and Mosenthal (1937) studied the protein, salt and fluid
consumption of a thousand residents of New York and found “®at the
majority of them took a moderate quantity of fluid of one __.re or
more daily.

Garner and Sanders (1937) found the mean consumption of water
per Large White suckling sow to be 43 1b. ( -4%/,, gallons) daily.
The quantity of water consumed by the same animal varied from
day to day and was approximately the same 1n winter and summer.

From all the information at eur disposal the authors are of
the opinion that the following quantities of water may be consumed
daily by man and animnal under adverse conditions (dry and hot
climates, droughts, exercise): man—one gallon (4-) litres) or more;
cattle—10 to 16 gallons; horses—S8 to 10 gallons; sheep and goats—
3 to 4 gallons; pigs—3 to 5 gallons.

~ In certain diseases (diabetes) it appears possible for a human
being to drink up to 40 litres (=9 gallons) of water on one day

(see TTA).
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(a) Bicarbonates and carbonates:

Kobert (1906) states that sodinm bicarbonate raises the alkali-
nity of the tissue fluids and enhances the oxidation processes in the
body. Ingestion of excessive quantities of sodium bicarbonate causes
dilatation of the stomach, anorexia and anaemia.

Frohner (1919) reports that a cow which had received 800-900
gm. of sodium bicarbonate aborted, groaned and bellowed, and had
to be slaughtered, and that 10-15 gm. of potassium carbonate is
fatal for the dog (heart failure and collapse). Dogs fed daily with
15 gm. of sodium bicarbonate for weeks showed vomiting, diarrhoea
and loss in condition (Frshner, 1919).

Reid (1921) describes sodium carbonate poisoning in sheep due
to the drinking of effluents from dairy factories. The symptoms
were a staggering gait and huarried rvespirations. The animals soon
lay down and died. The following were the post mortem appearances :
Hyperaemia of the subcutaneous tissues, imperfect clotting of
the blood, hyperaemia of the small intestines with subserous
haemorrhages, slight congestion of the liver, in very acute cases
abomasum filled with dark blood-stained fluid contents, intense
hyperaemia of abomasal mucosa with haemorrhages.

Heller and Larwood (1930) conducted experiments upon rats and
other small animals with single salts and also with mixtures of
caletum  chloride, caleium  sulphate, sodium bicarbonate, sodium
carbonate, and magnesium sulphate. Drinking water containing
20,0000 parts of sodium carbonate per million parts (i.e. a 2 per
cent. aqueous solution) was found to be decidedly deleterious and
reproduction was interfered with at quite low levels. Sodium bicar-
bonate proved to be less injurious. In subsequent experiments npon
rats Heller (1932 and 1933) established that drinking water contain-
ing 1 per cent. (10,000 p.p.m.*) of sodin: carbonate resulted in
unsatisfactory growth of the offspring, while a 1-9 per cent. solution
caused a rough coat, red eves, and diarrhoea in the mature rats and
a very high wmortality in their young. A 1-5 per cent. of sodinm
bicarbonate caused undersized adults and iwmpeded growth in their
offspring, while there were unsatisfactory growth and appearance
with 2 per cent. solutions. KExperimenting with 05 aud 1-0 per
cent. aqueous solutions of caustic soda (NaOH) he found practically
portaal growth with the former solution, the latter causing retarded
growth, ““ dirty animals >, marked nervousness, sore eyes and
diarrhoea.

Linton and Wilson (1933) refer to sodium bicarbonate poisoning
in pigs due to the feeding of °“ Flour sweepings >’ containing 33-7
per cent. of this alkali. The symptoms seem were excessive thirst,
animals appeard to be in pain, stood with  2ir heads lowered and
oblivious” to their surroundings, and stagge 1 on their front legs.
Only one pig died after the sweepings were removed and milk
given. Autopsy revealed inflammation of the stomach. Linton
furthermore describes alkali poisoning in pigs through accidental
discharging into the millk given to the pigs of the alkali used for
cleansing the milk utensils.

* Parts per million parts of water,
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Witter (1936) added sodium bicarbonate to the drinking water
of chicks and found that: *“ (1) Sodiwm bicarbonate given in the
drinking water in the usual dosage (1 1b. to 5 gallons or 0-G per
cent. solution) caused chicks to drink mer~ water than normal and
pretuce moist droppings.  Chicks two we 5 old developed pale and
swo en kidneys from this dosage, but chicks three weeks old and
older were not noticeably injured. (2) A double dose (1-2 per cent.
solution) of soda ecaused chicks to drink more water than those fed
the 06 per cent. solution and produce watery droppings. Chicks
two to eight weeks old were seriously injured by this dosage within
one to three days and deaths oceurred within this time. (3) Two
and four-tenths per cent. solution of soda reduced water consumption
below normal for chicks under four weeks of age. The injurious
effects of this dosage were noted within a day and deaths occurred
within three days. (4) Mature cockerels were injured with a 2-4
per cent. solution of soda, but were not affected by a 1-2 per cent.
solution. It was apparent throughout the project that the
younger the chicks the more susceptible they were to soda injury.
(5) Kidneys from chicks affected by feeding soda became pale,
swi en and engorged with urates. The kiduey tubules showed
degerative and exudative changes indicating  severe injury.
/G) Chicks affected by feeding soda showed an increase in kidney
welght, and increase of appmunmt&lv four flllle\ n urie aecid per
gram of kidney and in wric acid in the blood *’. He found the injury
caused by feeding sodium bicarbonate to c¢hicks similar to the patho-
logy and blood chewistry clanges prese:  in visceral gout. Two
weeks old chicks consumed from 45 to 115 c.c. of “ normal water ”’
daily.

(lfarbonates, bicarbonates and caustic soda will tend to cause
alkalinity of the gastrointestinal juices (change in pH), consequently
the continued drlnklng of alkaline waters will lead to serious digestive
and other disturbances. Carbonates ave more harmful than bicar-
bonates.

(b) Calcium :

Shaw (1929) administered to ducks, weighing from 600-800 gm.
salts and mixtures of salts either in solution or dry in capsules.
He found 1-4 gm. of caleium chloride non-toxic and 4-8 gm. lethal
within thirtv-five minutes. The symptoms were those of general
depression rather than paralysis. In expeviments upon small
animals Heller and Larwood (1930) found that a combination of
20,000 p.p.m. of sodium chloride (=2 per cent. solution) and 5,000
p-p.m. of magnesium or calcium chloride (=0-5 per cent. solu‘r]on)
inhibits grm\fh They state that calelum and magnesium lons are
more harmful than the sodium ion. Acc ording to Heller (1932)
growth 13 normal in rats on water containing 2 per cent. (20,000
p.p.ni.}) of caleium chloride, but lactation is inhibited. At higher
levels the results were similar to those obtained with sodium chlorvide,
25 per cent. solutions of calcium chloride causing death (Heller,
1933). Ie found furthermore that (1) waters saturated with calcium
sulphate (CaS0,.2H,0) i.e. a 0-24 per cent. solution ( =2,400 p.p.m.)
did not interfere with normal growth . d reproduction. (2) A
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saturated aqueous solution of ecaleium hydrate [Ca(OH),|, 1.e. a
0-18 per cent. solution (1,800 p.p.m.), had no apparent 1ll-eftects
through four generations of rats with the exeception of a somewhat
greater mortality of the young.

Katz and Katz (1937) tound that Ca and K ions have a direct
stimulating action on the adrenals and increases adrenal secretion
without acting on the central nervous system. Both ions i1uncrease
blood pressure and they state that *‘ there is no doubt that both KCl
and Ca('l, have definite vascular actions of their own ™’

From experiments conducted by Heller 1d Haddad (19:36) with
drinking water upon rats it appears that caleium in the form of
Ca(l, 1s most favourably absorbed and that “° excessive amounts of
calcium seem to displace magnesium from the body 7. They state
that “* the phophorus in these studies is found in the feces in greater
amounts than previously veported: especially is this {rue when large
amounts of caleium and magnesium salts are present.”

Gardner and Burget (1938) found that ¢aleium dons retard
the absorption of ¢lucose from the intestine.

Glatzel (1938, a) states that normal n e function appears to
be associated with the presence of calcium, and that calcium
activates lipase and esterase action, {he coagulation of blood and
milk, and bone formation. CCalcium salts have diuretic effects, but
their mode of action is unknown. lInfusi s of caleium salts are
stated to induce hyperglveaemia and this  eans a stimulation of
hormone action by ealcium. Calcium 1s further stated to increase
the colloid content of the thyroid. ‘' Does this mean stomulation
ot the specific action of the thyroid by cium 7, Glatzel asks,
seeing that in myxoedema there is an inchnation towards calcium
retention and the thyroid hormone acts ** caleium removing ”’
and also because caleium excretion in Basedow disease 1s very high 7.

(For further information concerning calcium see magnesium
and chlorides.)

(¢) Chlorides.

In experiments in which chlorides were injected intravenously
into dogs Joseph and Melizer (1909) found the degree of toxieity
of the chlorides of magnesium, calcium, potassium and  sodium
te be 1 the order in which they are given herc. Iurthermore
they found that Mg. is twice as toxic as (a, Ua 1s three times as
toxic as K, and Na many timex less toxic than Mg, Ca and K.
They staie that ** the smaller the amount of the ion in the hlood
serum the more toxic it 1s in the mfusion

In experiments upon dogs Glatzel )36) proved that the
insulin-action in the liver is dependent upon the presence of chlorine.
Heller and Haddad (1936) state that approximately 90 per cent. of
the chlorides ingested with the water is excreted through the urine,
and there is also an increase in faecal chlorides, especially when
acid-producing ioms accompany the chlorides, probably due to
cathartic action of the increased salt content of the intestinal
contents.
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School, Issex. Their drinking water contains from 4-5 to 55 p.p.m.
of fluorine. Approximately 90 per cent. of the children who were
born and grew up 1in the affected areas showed mottled teeth. Adults
who settled in the affected area after vupture of their permanent teeth
were not affected. Also De Beer (1934) refers to the determination
of small quantities of fluorine in water and their clinical significance.

In North Africa 4 out of 12 head of range catile were found
to have mottled teeth owing te the presence of fluorine in their
drinking water, (Dean, 1935). Dean rightly re  rks that thelr
milk  may contain  karmful quantities of fluorime.  Biester,
Greenwood and Nelson (1936G) found that the feeding to dogs of
fluorine levels comparable with those found in some drinking waters
produced histologic changes in the small intestine, spleen, bladder,
mesenteric lymph nodes and thyroid glands. The experiments lasted
from 7 to 12 months.

Dean (1936) states that there are approximately 335 chronic
endemic dental fluorosis areas in the United States of America and
175 1n the Argentine. Such areas are also 1o bhe found in England,
Italy, North Africa, India, China and Japan. From the available
information in regavd to ihe mottling of teeth in children through
the continual use of drinking water containing fluorine Dean
compiled the following table:

(1) Water coniaining 1 p.p.m. of Huormne: approximately
10 per cent. of the children will develop a mild form of
mottling of the teeth.

(2) Water containing 1-7 to 1-8 p.p.m. of fluorine: 40 to 50
per cent. of the children will show a mild foim of
nmottling of the teeth.

(3) Water containing 2-5 p.p.m. of fluorine: 75 to 80 per
cent. of the children will he affected, with 20 to 25 per
cent. of the cases showing a moderate to severe tyvpe of
mottling.

(4) Water containing 4 p.p.m. of 1 orine: 90 per cent. of
the children will be affected, w 1 35 per cent. or more
of the cases showing moderate H severe mottling.

(5) Water containing G p.p.m. of fluorine: 100 per cent. of
the children will be affected.

e states that clinieal observations she  d be made on children
from 9 to 12 vears of age in order to obtain reliable figures in regard
to the incidence of mottled teeth.

No mottling of {eeth is discernible in areas where the drinking
water containg 0-6 p.p.m. ot Huorine, (Kditorial, 1936). Walker
and Spencer (1937) analysed 250 samples of water from different
parts of the province of Alberta, Canada, where mottled enamel of
the teeth 1z endemic, and found that a relation exists belween the
fluorine content of the drinking water and the prevalence of mottled
enamel. It is of interest to note that Walker and Spencer state
that after a considerable amount of wor they found that they
had to use the following methods of an -sis in order to obtain
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reliable figures for the amounts of fluorine present in water: (a) a
nwodification of Sanchi's method for amounts of fluorine hetween
0 and 075 p.p.am.: (b)) Sanchi's regular method for amounts of
fluorine  hetween 0-75 and 3 p.pom.;  and () a revision of
Armstrong’s modification of Boruff and Abbot’s distillation method
which iz based on the macro method of Willard and Winter for
amounts greater than 2 p.p.m.

Two specinens of water submitted DLy 1. M. Zschokke,
Government Veterinary Officer, Mariental, South West Africa, were
found to contain 0-97 and 1-3 parts of fluorine per miflion parts
respectively.  Subsequently specimens of water from other parts
o Nouth West Africa also proved 1o contain dangerous guantities
of fluorine,

Brown (19395) states that Wenhardt distriet 1s unigue {or the
large proportion of children which develop mottled teeth (patehy
brown and in some cases black stains).  This occurs only on farms
where the water is particularly brackish.  Arrangments have been
made for specimens of water to be analvzed ax we have good reason
to suspect that the mottled teeth are due to excessive wimounts of
fluorine in the drinking water. In a number of cases these suspicions
have alreads heen confirmed,

SNhott and his co-authors (14937) describe " mottled teeth™ and
chronie fluorine poisoning in human beings in the Madras Presidency
due to the drinking of water containing fluorine. It is of interest
te note that even the milk teeth showed motting.  Unfortunately
no mention is made of the quantity of fluorine present in the drinking
water. L nole=worthy and very important observation made by these
aulhors (s that symptoms of chronic fluorine poisoning seb in only
after approcimately thivty to forty years. The symptoms described

by them are:—a recurrent general tingling sensation in the limbs
or  cer the whole body.  This ix followed by puin and stiffness,

espectally 1 the Tumbar regron of the spine. There 15 ossification
ot the tendons and gradual synostosiz of the entire vertebral column
until there isx complete stifiness of the back ¢ poker back ™).
These syvmptoms are accompanied by cachexia, slight anaemia,
anorexia, signs of pressure on the spinal cord (exostoses), loss of
sphineter control, and impotence, which is common.  Ultimately the
offected 1ndividuals are completely bedridden with mental powers
unimpaired.  Death 1s wsually due to some intercurrent discase.

(e) Maynesium.

Kinuneman (I'rohner, 1919 found that the daily administration
of 20 gw. of magnesium chloride to pigs, 60 gm. to sheep and
400 gw. to horses had no detrimental effects.  Ounly after {he
adminiztration of 800 gm. of magnesium chloride did the horses
develop svmptoms of poisoning, (diarrhoea and heart disturbances.)

Becka (1929) states that (1) magnesium * leads 77 caleium in
the living organism; (2) this does not only apply to the absorption
of calcium from the food, but also In its biological use in the body
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and ifs excretion frcm the hbody; an  (3) magnesium inhibits
absorption of calelum from the food and increases its excretion from
the body. According to him each magnesium ion is fellowed or
accompanied by ten 1ons of calcium and the relation of magnesium
combinations to caleium in the body is of a three-tfold nature, namely,
(1) the magnesium sulphate group which displaces calcium from
the body ; (11) the magnesium chloride group which binds calcium
for twenty-four hourS' and (i11) the magnesium hydrate group
which binds caleium for seven to ten days. \Lw‘nealum chloride 1s
easily absorbed and also magnesium lactate and magnesium hyvdrate,
Lence the increase in caleium abs sorption from the food for some
fime.  (On the other hand magnesium sulphate is absorbed only to
a slight degree with the result that caleium is excreted with 1t.
Becka maintains that he has proved the above contentions chemically,
biologically and clinically.

Shaw  (1929)  found 15 gm. of 1agnesium chloride,
administered elther in solution with a pipette or dry in capsules,
toxic for ducks weighing 600 to 8300 gm., while 45 gm. proved fatal.
They exhibit svmp‘roms Tof gereral p(ualeJs heing entnel\' helpless.
Heller (1932 and 1933) and Heller and Tarwood (1930) conducting
experiments upon small animals and domestic animals found that
(1) drinking water containing 1 per cent. (i.e. 10,000 p .m.) of
mwagnesium sulphate ;auses poor growth in young rats and emaciation
in adul‘rs, higher concentrations caused subnormal growth, rough
coat and diarrhoea. The harmful effects of similar concentrations
of magnesium chloride were shightly less marked; and (2) waters
(on‘ralnmg sodium chloride do mot” interfere with normal growth
and maintenance of laying hens until the concentration has reached
15 per cent or more. Calcium chloride is not tolerated by them
(hens) as well as sodium chloride, while *° magnesium sulphate is
tolerated surprisingly well 7. These conclusions drawn by Heller
from his experiments are certainly very dangerous in view of the fact
that the experiments were conducted over the very short period of ten
weeks.

Cunningham (1933) experimenting upon rats found that feeds
low in magnesuim reduce the normal quantities of this element and
feeds hlgh In magnesium raise the wagnesuim levels in the blood.
The extent to which the magnesium Tevel is raised in the blood
depends upon the solubility of the magnesium salts. He states
that there was a general tendency to a lower blood calcium when the
serum magnesium was higher. He fed the chloride, carbonate,
sulphate and phosphate of magnesium and the greatest increase in
the magnesium content of the bones and blood serum was produced
by the carbonate. At the higher levels of magnesium carbonate and
magmnesium sulphate the ash content of the bones were decreased
and the moisture content increased. He states that interpretation
of these results is difficult owing to diarrhoea which the rats developed
on the diets high in magnesium {1 per cent.). On a diet containing
0-2 per cent. of magnesium the bones were normal. The growth-
rates of the animals were not adversely fected by the presence of
magnesium in the diets unless catharsis was present. Cunningham
states that the magnesium content of blood sera of rats range from
2-1 to 3:0 mg. per 100 c.c. of blood.
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Robinson and Rosenheim (1934) readily obtained deposits of salts
of barium, strontium and magnesiumm in hypertrophic cartilage wn
vitro by agency of the hone- I)hObph’l’(dbe in the presence of })11()>p1101‘1b
ester. Zwillinger (1935) found that intravenous injections of magne-
sium sulphate have an effect on the heart and could be used iu the
therupy of certain forms of paroxysmal tachycardy and also in
stroplantin and  digitalis  poisoning. (rittenden  and  Roth
[Crittenden and Roth (1936) and Roth and (rittenden (1936)]
studied the effects of saline cathartics on the gastrointestinal tract
and found that: (1) “ Isotonic solutions of both magnesium and
sodium sulphate and hypertonic sodium chloride, when in cortoct
with the intestinal mucosa of unauesthetized dogs, have a ma ed
augmenting effect on intestinal mobility.  (2) Isotounic sodium
sulphate is less stimulative than isotonic magmnesium sulphute
thus showing a specific effect of the Mg ion. (3) The Mg
ion causes a considerable decrease in the tone of the intestinal muscu-
lature, but at the same time augments the amplitude of contractions.
(4) All sulphate solutions cause distension of the intestine. (5) The
gastric activity is as a rule either unaffected or depressed when the
salines ave in contact with the intestinal mucosa. (For further
information concerning magnesium sece sulphates).

(fy Nitrates:

Potassium  nitrate is more poisonous than sodium nitrate.
According to Frohner (1919) 50 gm. of potassium nitrate may at
times cause serious polsoning in hmw\ the fatal dose for equines
and bovines 1s 100-250 gm., for pigs and sheep more than 30 gm.
and for dogs more than 5 gm.

Shaw (1929) states that in some waters nitrates are reduced to
nitrite after two weeks, apparently through the action of calcium,
magnesiuim or bicarbonate ions.

Nitrates, especlally potassium nitrate, arve fairly active poisons.
Potassium nitrate is used as a diuretic in man and animal. Cushny
(1918) states that large quantltle\ of nitrates cause nausea, vomiting,
and even diarrhoea and wrine may be scanty or even Supprebbed.
Theve are also muscular weakness, apathy, and eventually collapse
and death. A number of South African waters were found 1o contain
such quantities of nitrates that thev caused death in stock w 1in
a few hours after they had partaken of them.

Cushny  describes the following post mortem appearances iu
cases of potassiuim nitrate poisoning: hyperaemia of the gastro-
intestinal mucosa with heamorrhages, lesions of acute nephritis and
haemorrhages in the kidneys. Ile warns against its use as a diunretic
when there 1s alveady guastrointestinal irritation.

A heifer which had received one pound of salt-peire inster  of
Epsom salt by mistake showed trembling, stageering, and convul-
sions followed by death within Thalf-an-hour (Clough, 1930).
Kaufmann (Clough, 1930) states that the therapeutic dose of
potassiuin nitrate for the ox is 10-30 gm. and for the pig 1-4 gm.
Klarenbeek, Veenendal aud Voet 19‘31) conducted experiments upon
fowls with sodium and potassium nitrate administered per os either
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in solution or in capsule. They found that 1-1-5 gm. of these two
poisons per Kg. of bodyweight administered daily over periods vary-
g from a fow days to fifteen days caused death after loss in condi-
tion, diarrhoea, anorexia, apathy and dry comb. Autopsy revealed
caustic ingluviitis, and acute gastroenteritis with haemorrhages in
and under the mucosa. They saw uo spasms and paralysis as often
described by other authors. Potassium nitrate was found to be more
caustic and more toxic than sodium nitrate. Secekles and Sjollema
{1932) administered 100-200 gm. of potassium nitrate in aqueous
solution into the rumen of full-grown cattle and found that they
developed characteristic o\mptonh of poisoning and changes in the
blood.  The symptoms of poisoning were similar to those seen in
nitrites.  Most of the nitrate disappeared from the ruminal fluid
within three to three and a half hours. Excretion through the
kidneys commenced soon and lasted for more than twelve hours.
Approximately one-tenth of the nitrate administered was reduced to
nitrite in the rumen and the latter caused methaemoglobinaemia of
approximately 20 per cent. of the haemoglobin, “111( h resulted in
an increased heart beat. Tn the first six homs after administration
of the nitrate the miuneral content of the blood serum changed in
that the caleium, inorganic phosphorus, and magnesium levels may
be reduced up to 20 per cent, below the normal.  After this fall the
calcium and inorganic phosphorus levels rise to normal and the magne-
siuin to above normal values. Tincher (1937) reports deaths among
cows which drank water containing -2 gm. of sodium nitrate per
litre (=0,200 parts of sodium nitrate per million parts of water).
They were frenzied and exhibited excilement, colic, general ¢vanosis,
symptoms of paralysis, pronounced diuresis, and pulse 150-200. No
diarrhoea was noticed.  Autopsy revealed: slight gastroenteritis,
haemorrhagic inflammation of the brain ventricles, haemorrhages
in the corfex of the bra 11, slight injection of the brain vessels, pro-
nounced cyanosis of the trac ‘heal muc osa, and 1nflammatory sw elhn,g,
of the mediastinal lviuph glands. (For further information concern-
ing nitrate poisoning see chlorides).

(g) Potassiwin

Rats fed potassium (0-2 gm. K per day) by Bruman and
Finkelstein (1936) showed more or less a clear decrease in the
processes ot metabolism, both the ('O, production and the O, uptake
being decreased. The higher the potassium content of the muscles
the greater the retardation of the processes of metabolisin. Potassium
weakens the muscles hence the above effect. Mathison (Camp and

Higgins, 1936) found that potassium salts effect a rise *~ blood-
pressure when they are injected intravenously or intraarteri: v. His
results were confirmed by McGuigan and Higgins. Camp and

Higgins (1936) injected potassium salts intravenously into dogs and
state that *° potassium effects all the changes in the svstems studied
that are produced by epinephrine ', and that “ one of the functions
of the adrenal glands is to maintain a contant distribution of
potassium *.  Dienst (1936) found that: (1) Sodium displaces
potassium in the system aud increases the retention of water in tissues
and potassium displaces sodium and enhances loss of water from the
tissues. The ultimate effect depends on the presence of the respective
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quantities of sodium and potassium. (2) In excessive doses of
potassium its level in the blood serum is raised and it 1s then excreted
in the urine. It has a diuretic action.

From their experviments Gardner and Burget (1938) conclude
that potassium lons favour absorption of glucose from the intestine.
Glatzel (1938) states that potassium stands in close relationship to
muscular action.  Isolated striped muscle is paralysed by potassinm
salts 1n spite of the fact that they do not penetrate into the fibres.
In the heart muscle 1t causes a small and slow pulse and decreases
irritability and enhances diastole.  According to (Hlatzel potassium
is very essential for the intercellular activitres; it also appears to
retard  adrenalin action.  (For further i+ mation  concerning
potassium see sodium).

() Sodivwm :

Some authors are of the opinion that too much salt (NaCl) in
owr diet may have detrimental effects on our health and constitution
and s the cause of many chronic kidney affections.  We have at
present no experimental evidence to support this view although such
an hypothesis seems feasible with excessive ingestion of salt . We
must admit that increased Ingestion of salt will result in incrensed
kidney activity as the kidney is responsible to a very farge e: nt
for ridding the body fluids of excessive amounts of salt. Whether
continuous increased action of the kiduey due to the daily ingestion
of slightly excessive yuantities of salt will result in chronic affections
of this organ in healthy individuals 15 an unsolved problem. Our
sense of taste to a very large extent protects us against tuking
excessive quantities of salt and 1t 1z not very likely that indivi-
duals will continue taking harmful amounts of salt in their food
over long periods.  However, some individuals may become accus-
tomed 1o an excessive salty taste and may ingest harmful quan  ies
of salt. Tt 13 known that some individuals use more salt in their  od
than the average person.

It 15 an entirely diffevent matter where the drinking of exces-
sively =aline waters over long periods ix concerned.

Stokvis (Abderhalden, 1923) found 8-10 gm. of common salt
administered per os 1n 295 per cent. solution to be fatal for rabbits
weighme 1 Ke.

Aececording to Frohner (1919) the following quantities of common
salt ave fatal: 1-5-3 Kg. for bovines, 1-1-5 Kg. for horses, 125-250
o, for sheep and pigs, and 30-60 gm. for dogs.

Neott (1924) gave a beast salt waler containing 1-716 per cent.
(Le. 17,160 p.p.m.) of sodiwu chloride to drink.  Diavrhoea set in
within four days and there were loss of appetite, coughing, dis-
charge from the nose and eyes, dull and sunken eyes, grindi:  of
the teeth, dry and hot muzzle, temperature 105-20 19, pulse o to
90 per minute, and suspension of rumination. On the ninth day of
the expertment there was profuse, foetid and slight hacimorrhagie
diarrhoea. All these symptoms disappeared after discoutinuation
of the experiment. In feeding experiments conducted upon r8
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Rasenack (1926) found that these animals apparently suffered no
ill-effects from receiving fish meal containing 10 per cent. of common
salt. Unfortunately the experiment lasted only a few weeks. On
the other hand fish meal containing 15 to 17-5 per cent. of common
salt had deleterious effects on the animals.

Legg (1929) describes common salt polsoning in sheep which
drank rain water which had collected in salt troughs. They developed
dullness, straining, pronounced diarrhoea and pronounced thirst.
Autopsy revealed congestion of the entire alimentary tract with
liquid contents, moderate congestion of the parenchymatous organs
and pronounced hyperaemia of all the subcutaneous tissues.

Shaw (1929) experimenting upon ducks weighing from 600 to
800 gm. established that 5 gm. of common salt, administered either
in solution by means of a pipette or dry in capsules, is non-toxie,
while 6 gm. or more is lethal. The symptoms exhibited by the
ducks were mnausea, general depression, and torticollis. In their
experiments with common salt upon baby chicks Quigley and Waite
(1932) found that mortality was not excessive until the level of salt
in the total ration was greater than 5 per cent. by weight: *° The
minimum lethal single dose of dry salt, with chicks in a ‘‘ fed
condition, was 4 gm. per Kg. of body weight or 0-4 per cent. of
body weight >. The normal salt content of mashes is 0-5 to 1-0
per cent.

In his expertiments upon rats and dowmestic animals Heller (1933)
found that (1) with a 1 per cent. agueous solution of common salt
(i.e. 10,000 p.p.m.) as drinking water for rats their growth was
normal while with a concentration of common salt of 1:5 per cent
there were subnormal growth and death. (2) waters containing
sodium chloride do not interfere with normal growth and maintenance
of layving hens until the concentration has reached 1-5 per cent.
(15,000 p.p.m.) or more. Two per cent. sodium chloride was
clearly too saline, because the hens’ feathers became vous ., they
lost weight, and some died and egg roduction was veduced.
(3) Sheep receiving water containing 2-5 per cenl of common salt
(25,000 p.p.m.) for a period of six weeks went off their feed at times.
(4) Small pigs receiving water containing 15 per cent of common
salt (15,000 p.p.m.) died within thirty days and the larger omnes
*“were somewhat stiff when walking 7', ¢ The food consumption
was greatly decreased and the general appearance of the animals
was not good. They were removed from the salt water and given
pure water and were practically normal in 10 days.”” (b)) Cattle
can consume 1-5 to 1-7) per cent. (i.e. 15,000 to 17,500 p.p.n.)
solutions of common salt over periods of a few months without
serious results.””  “° For cows in heavy production, 1-5 per cent.
seems to be slightly more than can be consumed with normal
maintenance.””  (6) The appearance of rats vreceiving water
containing 1-H per cent. (15,000 p.p.m.) of sodium sulphate was
satisfactory.

*“ Sodium metabolism is intimately connected with the activity
of the cortex of the suprarenal gland 77, (FEditorial, 1934). Glatzel
(1935) states that common salt stimulates diastase action on olysac-
charides and induces the secretion of a very active fermentative
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saliva, The administration of common salt 1o pigs may cause ~light
fever and lesions in the central nervous svstem (Michneviteh, )35).
Aeccording to Vegh (1935) a diseased liver retains a portion ot the
common salt taken per os and vendevs this organ prone to the develop-
ment of oedema. Schmid (1935) describes common salt poisoning m
silver foxes due to the eating of salted m iinual walls of bovines
They showed vomiting, foaming al the mouth and died with spasms
within one to two days. Autopsy revealed hyperaemia of the
gastrointestinal mucosa, oedema of the lungs, and haemorrhages in
the urinary bladder. Schmid caleulated that each fox had ingested
at least 50 om. of salt.  According to Frahner (Schmid, 19395) the
toxic dose of common salt for carnivora is 3-7 gm. per Kg. of body
welght,  Tocher (1935) added salt to the feed of poullry for a period
of six 1o seven davs and concluded that ** poultry can tolerate sali
to the extent of 2-5 per cent., but higher proportions affect ther
health, while proportions amounting {o 7-95 per cent. or over cause

death "', The drawing of this conclusion is rather unwarranted
ax the experiment was of very short duration.  Glatzel 136
states  that  sodium  chloride  through  its  ehlorine  content,
i an important  factor  in o carbohyvdrate  metabolism. It s
essential that the salt first reach the stomach before the fernien-
tative (diastatic) action of the saliva 13 enhanced by it. 1gh

concentrations  of  sodium  chloride retard the  breaking up  of
carbohvdrates. Battaglino (1936) states that two pounds (= +1 Kg.)
ol salt caused excessive thirst, Jdullness, diarrhoea and  weukness
in the hindquarters of a cow. It is known *hat muscle cells absorb
practically no sodium, consequently it w retard absorption of
fluid into the muscles (Farkas, 1936). IHe states that oedematous
fluid 1s not in the wmuscles but 1n the interstitial tissues.

Irey and Glatzel (1936) injected 0+9 and 1-0 per cent. solutions
of sodium chloride into the blood stream of dogs and found that:
(1) chlorine activates the action of insulin. (2) All ifovsulin action
Is assoclated with the presence of a certain gquantity of chlorine.
3) The msulin secretion of the pancreas 1s only shghtly in ased
by the divect action of sodium chloride, (4) Under certain conditions
sodium chloride, because of its chlorine, stimulates the uetion of
drastase in the liver. (9 Sodium chloride also indirectly enhances
the =ecretion of nsulin in the pancreas.  Luaseh and Roller (1936)
conducted expernments upon rats, rabbits, dogs and human beings
with Inovganic and organie (chlorine-free) sodium salis and found
that these salts tnduced 1n most cases an accumulation of caleium
1 the skin and internal organs.  In no case could they #ind an

accumulation of sodium 1n the organs or in the blood. 1 man
there was an inerease in the allkali reserve and an increase = the
excretion of urie aerd and in the mineral 1ons administered. 1ere

was also an inerease 1n the cholesterin content of the blood. Messini
and Scalabrino (1936G) state ™ the action of one litre of plain water
ax a control and of various mineval waters on the dilution and
chlorides of the blood and on diuresis was studied in one hundred
and {wenty experimenis on thirty subjects.  Water produced 1in
halt-an-hour a  slight dilution, followed by a more prolonged
concentration. Hypotonic sodium chloride water of low concentration
produced a slight dilution of the blood, slight inerease in ehlorides
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and greater diuresis than plain water. Concentrated and hypertonic
waters tended to concentrate the blood.”” Pigs, which had received
400 gm. of brine (60-80 gm. of sodium chloride) each for eight
days developed blindness, obstinate constipation and absence of
reflexes two days after the feeding of brine was discontinued. The
animals went down with legs stretched out stiffly. They recovered
after injections of calcium gluconate (Wautie, 1936). DBrine
contains sodium chloride, potassium nitrate, propylamine and
trimethylamine. Wautie (1936) administered to each of two pigs
it their food 50 gm. of sodium chloride daily for five days, 75 gm.
daily for five days, and 100 gm, daily f {twelve d _ The only
symptom mnoticed was increased thirst. The pigs then received
200 gm. of salt daily for eight days and 250 gm. daily for three days.
At the end of this period they showed acute thirst, diuresis and
diarrhoea.

Bourdillon (1938) administered ammonium chloride, p~tassium
chloride and sodium chloride orally to a human subject ar found
that after the administration of potassium chloride there was a
reduction in serum bicarbonate. However, after the i~7estion of
sodium chloride the serum bicarbonate was not apprecial ; affected.
Greenwood, Hewit and Nelson (1938) found that the degree of
toxicity of the chlorides of potassium, ammonium and sodium 1is

in the order KCI, NH,Cl and NaCl.

Oehme (Glatzel, 1938 a) found that sodium chloride added to
milk food caused a retention of calcium and phosphorus =wd the
processes of metabolism are pushed to the acid side, wh : with
potato food excretion of calcium and phosphorus was increased and
metabolism pushed to the alkaline side. Glatzel and Glatzel-Schmidt
((Glatzel, 1938 a) found a clear difference in the mineral excretion
after administration of sodium chloride, depending upon the acid
or basic nature of the food, and its sodium chloride and water
content.  Glatzel (1938 b) states that sodium 1s altogether
indispensible for the irvitability of muscles and nerves. Different
sodium salts stimulate peristalsis of the excised intestine and also
the secretion of fluid.  Calcium chloride counteracts these
stimulating effects of sodium chloride and sodium phate.
Glatzel (1938 b) furthermore states that: (1) Tt is not known why
a few grams of sodlum chloride induces fever in babies. (2) Sodium
chloride diuresis can be counteracted by calcium salts (calcium
chloride). (3) The same quantity of sodium chloride may at times
cause diuresis and at other times not have this effect in the same
individual. (4) Sodium chloride enhances amylase action and from
the chlorine the hydrochloric acid of the stomach is formed and
the gastric hydrochloric acid produces the necessary pH for pepsin
action on proteins. (5) It is known that yroid hormone deficiency
leads to accumulation of sodium chloride and water in the body
and  that administration of this hormone causes absorption of
“oedematous fluid and increase in water and sodium chloride
excretion. (flatzel asks whether the reverse action can take place,
namely, whether sodium chloride administration stimulate +thyroid
activity.  (For further information concerning sodium s s see
magnesium and chlorides.)
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(2) Sulphate.

Sulphide-, sulphite- and sulphate-combinations administered
per os cause transient hyperglycaemia in rabbits. This effect was
most pronounced with sulphuretted hydrogen, less with sulphite
and least with sulphate (Kojima, 1933).

From experiments conducted upon rvabbits Stransky (19:
concludes th-+ sulphates have a de-ionisine effect on the calcium
present in ~ jod serum. Drenching with  arlsbad mineral water
causes changes in the mineral composition (** Zusammensetz 1g ')
of the blood serum. However, the calcium content of the nlood
remains fairly constant. According to Heller and Haddad (1936)
the sulphate 1on appears to enhance magnesium and inhibit calecium
elimination in the urine. They state that ‘° the presence of an ion
with which the sulphates form insoluble compounds increases the
fecal phosphorus output ’>. (For further information concerning
the actions of sulphates see caleium, magnesium and sodium.)

(7) Sulphides.

Alkali sulphides (sodium, potassium and calcium sulpbides) are
decomposed by the carbon dioxide in the air and sulphuretted
hydrogen is liberated (Lewin, 1928). It s for this reason that
underground waters containing alkali s1 Hhides become potable
when left in an open vessel or when boiled for a while (tea and coffee).
T.ewin states that alkali sulphides c¢owse irritation of the
gastrointestinal tract (vomiting and diar oea) and kidneys and
have a parvalytic effect on the nerves and muscles. Tiventually
coma sets 1in. When taken in large quanfities sulphides cause
sulphaemoglobinaemia and dizziness. Alkali-sulphides are hroken up
by the acid gastric juice. If the water is alkaline the sulphides will
be decomposed at a very slow rate and will be more irritant and
less  poisonous than hydrogen sulphide.  Aeccording to Lewin
4 om. of potassium sulphide is fatal for dogs. (Ifor further
information concerning sulphides see sulphates.)

The following are remarks concerning the genercl effects of
saline acaters on antmals. In his experiments upon  1cks Shaw
(1929 a) ““ found the greatest toxicity in so 1m chloride and sodium
sulphate mixtures containing in addition either magnesium or
bicarbonate together with nitrate ions ’’.  Heller and TLarwood
(1930) siale that ‘“it is 1interesting to mote that as the sult
concentration increased the amount of water consumed by the animal
daily also increased up to the point where the animal preterred to
(e of thirst rather than drink the necessar~ amount ’’, and further
that * ‘animals which have received the s y water for some time
seem better able to stand such waler than de animals whi~t are
suddenly changed from distilled water to salty water . Aler
and Paunl (1934), conducted experiments upon rats, chickens, pigs,
sheep and bovines with drinking water containing any one of the
following salts: caleium chloride, sodium chloride, caleium sulphate,
potassium  chloride, calciumhydrate, sodium  phosphate and
magnesium sulphate. They found that tl 1s an increase in the
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inorganic (Na, K, Ca, Mg, and Cl,) content of either blood lasma
or cells in animals drinking water with a high salt content.
However, marked changes took place only as death approached.
They state that there are very noticeable increases in the sulphate
content of the blood of animals consumb  the more concentrated
solutions. The increase in the salt content of the blood 1s always
found in animals partaking of saline waters. ‘‘The change, while
small, 1s significant and increases with the quantity of salt
consumed 7', Tn rabbits drinking Karlsbad mineral water Stransky
(1934) found that trypan blue vemains longer in +keir blood serum
than in normal vabbits. However, there s no  fference 1 this
respect in the case of sodium Auorescin and trypan red. 'Lne rate
of precipitation of erythroeytes in the serv~ of rabbits which drank
Karlsbad water was clearly reduce? In 2 course of experiments
conducted upon rats Heller and addaa (1936) established thad
““an increase of the mineral content of the drinking water to e
maximum amount which will not cause serious injury to the animal
produces an abnormal mineral content of the urine and feces and
at the same time alters the normal paths of excretion *’.

Kern and Stransky (1937) state that: ) Drinking of Kerlshad
mineral water for four weeks increases the action of liver sulj atase
in rabbits. (2) Drinking of this water for a few weeks stimulates
glycogen formation in the livers of rabbits, guinea pigs and rats.
(3) Drenching rabbits with this water causes a moderate increase
in blood amylase and serum lipase. The glycolytie blood enzyme
and the blood glucose content are not effected by this mineral water.
(4) Mineral water stimulates liver function  According to Grafe
(1937) the effect of the drinking of miner. water on the water
balance of the body is not understood. There is no decided effect
on the salt balance, but the total production of energy ==d the

sugar balance can be influenced by different mineral waters.  rotein
metabolism is  appareatly not affected.  According to  -latzel

{1938 a) mineral substances may stimulate or retard processes of
metabolism 1n the cells, also enzywme action may be affected in the
same way. Ile states that hiochemistry recognises general mineral
action  (osmotic action), collective or group specific action and
individual actions.  As a rule a mineral substance acts 1 all three
ways at the same time. There appears to be no doubt, according
to  (Hlatzel (1938 b) that the functions of minerals, enzymes,
vitamines awd hormones are closely assoctated.

Iried (1938) administered Karlsbad mineral water to rabbits
per rectum and per os. y found that: (1) Three hours after
infusion into the rectum of 50 c.c. of the water there was a fairly
pronounced dinresis, which was not noticed when 1t was administered
orally.  (2) Kquimolecular solutions of sodium chloride and sodium
sulphate in the same amounts given per os produced no diuresis.
{3) One hundred c.e. of Karlshad water given per rectum caused
pronounced diuresis, which was also seen when solutions of the
above salts were given. (4) Tectal iniusions of Karlshd waler had
a pronounced cholagogue effect, which comumenced slov - and lasted
for many hours. Idver function was enhanced as the excretion of
biliverdin is increased. Oestreicher (1938) administered Karlsbad
mineral water orally to rabbits and found that it enhances liver
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function.  drsenie is detoxicated by more rapid deposition in the
liver and quinine by an increase in the rate of destruction in the
liver.  Detoxication through combination of the poison  with
sulphuric acid, as in phenol poisons or with glucoronic acid,
as I camphor vpolsoning, 1is not enhanced by Karlsbad water
as these processes are already maximal.  Rabbits drenched with
Karlshad  water tolevated phenol and quinine beiter than  those
drenched with tap water.

(. Sare Lastrr or DEGREE 0F SALINITY 01 RINKING WATER.

Klut (1932) states that: (D) In order to prevent the unpleasant
sulty tastes and the disturbance of appetite, drinking water should
ot contain more than 00168 per cent. (163 p.p.m.) of magnesium
chlovide, 005 per cent. (500 p.p.m.) of caleium ehloride, and 0-04
per cent. of sodium chloride (400 p.p.mo. (2) Water with more
than 0034 per cent. (340 p.p.m) of sodium bicarbonate, or whose
salt content 15 above 0-1 per cent. (1000 p.p.m., or which confains
-00001 per cent (1 p.p.m.) of sulphur as sulpburetted hyvdrogen or
sulphides 1s considered to be a mineral water. (3) Drinking water
usually contains trom 0-02 to 0-05 per cent. (200 (o H00 p.p.m.)
of salts. According to the British Pharmaceutical Codex (Iiditorial,

134) fromn H to 12 gm. of sodium chloride is {aken dailv by man
1 his food and a corresponding amount 1s excreted in the urine.

In his excellent article on ** Aunfgaben wund Bedeutung der
Mineralstoffe *7 (Hlatzel [1938 a] states that the optimum mineral
requirements depend upon the individual, sex; age, profession or
trade, surroundings (climate) and the muneral content of the food
taken. (ilatzel and Glatzel-Schinidt (Glatzel, 19338 a) foun  the
following to be the mineral requirements per day for an adult person

welghing approximuadely 70 Re.:—Na: 4 (0 5 gm., K: 2 to 4 gw.,
Ca:0-51t0 Tam., Mg:0-5 gm., CL:G to9 gm., and PP:0-9 to 2:2 gm.

In o study on the consumption of salt by range cattle Aldea (1935)
found that over a period of a yvear cach beast consumed daily approxi-
mately 32 gm. of the following mixture: NaCl-91-17 per cent.,
(aSO, = 155 per cent., MeSO, -39 per cent., P-race, IPe and Al
oxides = 0-003 per cent., insoluble residue — 0-61 per cent.  According
to Iart aud his collaborators dairy cows should receive af least
28-35 gm. oof salt per head datly as crops and feed are very low in
chlorine.  Aldea states that his figures agree with those prescribed
by Morrison, Beuncamino and Sales, Chapline. and Talbot in different
parts of the world.

The following is the conclusion drawn by cller (1933) from his
experiments with saline waters on rats, chickens, pigs, sheep and
cattle: °° Sheep were more resistant than cattle and cattle more so
than hogs.  The fact that the sheep were raised 1n a hard water
country might have been a factor. Sheep hi~—e been able to exist on
2:5 per cent. solution of sodium chloride an 2 per cent. magnesium
sulphate. Cattle not in milk production have maintained themselves
on 2 per cent. sodium chloride solution. As a safe rule, however, it
can be satd that 1-5 per cent. total salts should be considered the
upper limit under which maintenance can be expected. For la ating

159



WATER POISONING IN MAN AND ANIMAL.

anlmals the limit is lower.”” We cannot agree with  :ller’s con-
clusions as according to our investigaticne conducted into water
poisoning 1un stock over large areas in e North-Western Cape
Province and South West Africa concentrauons of salt mueh lower
than 1 per cent. (10,000 p.p.m.) are harmful to stock if they partake
of it daily over long periods. Facts in support of this statement will
be evident from the contents of this article. It is unfortunate that
Heller’s experinments were conducted over such short periods (a few
weeks to a few months) and it i1s mainly for this reason that the
results of his experiments by no means war at his conclusion 10oted
above. The effects upon man and animal of drinking saline waters
over long periods is a very involved problem and definite conclusions
can only be drawn after extensive experiments have been conducted
over periods of years with waters containing not only different con-
centrations of total salts but in which the relative proportions of the
different salts have also been varied. It is obvious tha* it will only
be after a large number of experiments have been conclu :d and after
extensive observations in the field have been made that reliable results
will be obtained. The effects of saline wo*ers on man and animal
depends upon: (a) The concentration of s. s in the water; (b) the
nature aud relative proportions of the salts present; (- the species
of animal, and (d) the quantity of water druuk daily.  his depends
on various factors as explained under VvV A.

Hardman and Miller (1934) classify water for domestic use as
follows : —

(1) Very good : 0 to 100 p.p.m. (=0-01 per cent.) total solids,
free from organic matter, clear, odourless, tasteless.
Liaghtly mineralised.

(2) Good: 100 to 500 p.p.m. (=0-01 to 0-05 per cent.) total
solids. Moderately mineralised.

(3) Fair: 500 to 1,000 p.p.m. (=0 5 to 0-1 per cent.) totul
solids.  Sodiwm or calcium bicarbonate waters assing
sodium sulphate waters. Highly mineralised.

(4) Poor: 1,000 to 5,000 p.p.m. (= 1 to 0-5 per cent.) total
solids.  Rejecting sodium sulphate and calcium waters.
Very highly mineralised.

(5 Unpit: Over 5,000 p.p.m. (=0-5 per cent.) HKxcessiv -
mineralised.

According to the older authorities in England and thc  nited
States of America the extreme permissible limit of the neral
content of drinking water should be 570 p.p.m. (=0-057 per cent.)
total solids.

It appears that also in some parts of Australia saline waters
constitute a serious problem to stock farmers. Allen (1936) 1otes a
case where well water contained approximately 1:5 pe. cent.
(15,000 p.p.m.) total solids (CaCO,, CaSO,, MgSO,, MgCl,, and
NaCl) and which killed horses, cattle and sheep if they drank it

over a period.
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Specimens of 1V ater Analysed at Onderstepoort.

Specimens A to P (Table ) were collected by one of us (D.G.5.)
in the course of an investigation into the problem of polsonous borve-
Lhole and well water in the Gordonia and Kenhards distriets (North-
Western Cape Province). In addition to these specimens a large
number of suspected  poisonous waters which were submitted by
farmers and stock inspectors in the North-Western Cape have been
analysed and valuable information obiained in regard to thenr effects
upon stoek. With the exception of spectmen 0 all were taken from
undereround water supplies (hore-holes and wells).

From  Table 1T 1t ix evident that in sowme of the waler
supplies all the jons, except potassium, occur in very large quantities.
Sodium, potassiunm, caleium and magnesium are usually present as
chlorides; sulphutes, carbonates and (or) bicarbonates.  Nitrates are
probably present as sodium and potassium nitrate, and fuorine as
caletum and (o) sodium fluoride and (o) in combination with other
hises. Tt is however fpossible to stute definitely in what combina-
tions the above tons are present. The salt concentrations are very
Ligh 1 some specimens.  Sea-water contains approximately 3-6 per
cent. of salts and has caused fatal poisoning in cattle (FFrohner, 1919},

The owners of the stock on the farms from which the above
specimens of water were collected supplied one of us (D.G.S0 with
the following information : —

Specimen A Both human bemgs and animals drink this water
with no apparent ill-effects. Hupan heings not accustomed 1o ihe
drinking of saline waters develop diavrhoea from this water.  When-
ever available both human beings and animals drink open (rain)
water.,

Specimens I3 oand (7: Boltlh the bore-hole (B) uand the well
water (C) are entively unsuitable for man as it causes sericus
gastroinfestinal  disturbances (nausea, vomiting, headaches, severe
drarrhoecay.  Animals drink this wafer wh there 13 mo " open
water 7 (rain water) but seem to drink more of it than of wholesome
water aud develop diarrhoea.  Both sheep and cattle chew bones to a
remarkable extent and losses from lamsiekte (botulism) in both sheep
and cattle are at times very severe. A certain amount of houe meal
15 fed. The bore-hole water causes extensive rusting of the iron
pPIping.

Npecipren Dz This water ix unnsuitable az dvinking water for
huaman beines as it causes the same symptoms as those described under
specimens Boand ¢ This hore-hole was sunk about six months before
the specunen wax collected and sheep and cattle have heer drinking
thix water =<imee that fime. At the time the specimen of water was
taken all the animals wore suffering from severe diarrhoca and it
remains to he seen what the effects of drinking this waler over long
periods will he. The owner of the animals stated thai the animals
have to drink more of this svater than of less saline waters in order
to quench their thirst.
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WATER POLISONING IN MAN AND ANIMAL.

Npecimen F - Aceording to' the owner of the farmm the bones
(spinal vertebrae) of sheep slaughtered for domestic use could be very
easily cut with a knife before he commenced feeding bonemeal.
Both cattle and sheep chew bones extensively and * lamsiekie
{botulismy 15 rife at times. Unfortunately no reliuble information
as to the clfects of the water on the stock and human beings could
be obfained from the owner as he s trying to sell the farm.

Npecimen I On {his Taem five wells and two bore-holes T ¢ been
sunk and in each case the water was undrvinkable (bitter, saltyv and
burns the mouth and throat). This specimen of waler was tuken from
bore-hole water which the stock have to drink when there is no " open
water 770 They however sulfer from diarrhoea and other ill-effects
and botl sheep and cattle suffer from a very severe form of plea in
apite of having constant access to honemeal lieks,  The owner 1s a
progressive feroner.  The human heings on this farm alwavs drink
rain water co ccted In tanks.

Specimen G This speciiien was tuken from a sirallow w in the
hed of the Maloppo River, Gordonia district, and 1t was stated that
~tock have been drinking this wafer for almost twenty vears without
any apparent ill-effects. The water in the well was only twelve to
clehiteen 1mches below the surface of the river bed and it 15 obvious
that ity sall content will vary considerably at different times of the
vear depending upon the ramfall.  After vains the stock drink open
water.

Specimen I This water causes mottled and bad teeth (cartes) in
children  and  gastromtestinal  disturbances in man and  animal
{nausea, diarrhoea, hoveny.  Young stock do not grow out to normal

S17e.

Npecimen I: This water has been drunk for vears with no
detrimental effects.

Npecimen J o This water kills plants and animals die from within
hialf-an-hour atter having drunk it. They develop severe hoven and
sonmiting and diarrhoea it they survive for a number of hours.

Npecimen Ko This water i drunk v man and animal 1if no
“open water 7 is avatlable. It appears to be wholesome excepting
that il causes severe moltling of the feeth in children.

Npecimen Lo When rain water 1x not available both man and
snbmal T Renhardt town have to drink water from this sprine.
D, Viviers, distriet suraeon, imformed me that i 70 to 830 per cent. of
ihe chitdren drinking this water there 1x severe nmottling of the teeth,
which are also notoriously bad (earvies).

Specimen A - Aecording to 1nformation supplied it appears that
this water 1s drunk 1n the absence of rain water, by both man and
antmal with no apparent ill-effects apart from severe mottling of the
teeth of children who grow up on the farm. If too much of the
water 15 drunk gastrointestinal distuwrbances set in.

182



F6I-661 , 61

crogem o spaed 0001 Tod 91RUOGIRD WNTI[RD JO SR 4

10EM mEowo?ES G-L | oA1RDOU i ¢6-6 0-01 -G | 96 9-€1 oarqusou [ ooug 7uﬂumwmm%o,ﬁ‘.: | woeess ,.W..?c:cw [RININOTISY JLIpSIoFer
“IojeM OUWOSI[OY M 0-8 @8-¥ P& 08 0-9 0-16 m L-S¥ 9-19 910 £8-9¢ 1-08 0-09¢ | oo Arddng 1e3epy umoy, odoy
‘[RALLIR I19U9 J93JR =
SYJUOT MOJ B I0J SOOURINISIP 9ATISISIP
sosnen 91 geyy ure[dwon [00YDS [RINGNO
-LI8R oY} 0 SIOWOD-MOU SWOS ‘DUOSI[OYA
$e PoparSal oq 0} SI 10jvA STy} SNOYYY 0-8 ge1-€ ¢L-(¢ 09 0-16 6-LY 9-LL LO-0 L0-6€ 6-8F 0-L89 -+ Aiddns 199eM JooTag [RANGMOTISY $911g
"I9jeM. SWOSI[OY M 9-L 96% - ¢ 828 019 8-0¢ i48%Y 9 €0 L0-6€ LL-8€ 0-06¢ | oo *+ Apddus 10gem ﬁcc%pwbﬁ:@
“UDIP[IYO ’ — = ——— -
JO 9%06-08 T ur 13993 jo Juljjgowr asnen |
[ 97 ogem postperoutw A usty Apref L-L 0-91 c8-¢e 0 8¢ 0-00% 8-8% [ b g 6-¥ 1-19¥ 9-4%¢ 0-0L9T | o d
TI0jRM OTIOSOIOY M G-L 9607 - ¥ c6-F1 09 ¢-c9 0-6 9-¥¥ 8€-0 cb-8e 16-1L 0-€8G | ooy 0
c1ogea snouostod ATowaagxgy G f, ¥-2122 96- L 712 0-098% $-60L 0-1062 aApRSaU 0-LOF8 0-800T 0-copee | e Hore g 255 5 o preemm s 52w 5 5 5 % e SERRREN
TUQIPTIYD T B o T
Jo 9400T Ul [3ed JO TUIHOW  OSNed
[ 9 cegea postpelourur Apqsny  Aareg 6-L ¢L-T9T ¥8-6C 6-9¢ 0-0¥% | 0-8¢l ¥-691 €8 0-6¢L | 0-0%¢ 0-9%6c | i A I
“TWAIPTIYD -
3o %001 Four yjeey jo  Sursgout : )
osneo [ 4] “Iogem  posieroutwt  ATare 9-L 60T 96 LT c-1e 0-8€T ¢-Le 1-L9 8:9 F-961 €-L0T 0-0T8 | rrrrrrmmr e T
“WoIP[IYD JO o B o
%001 T UL 399} JO Buippom osneo f[rs .
31 3ryg gdooxo “ssopurrey ATTIRy ST 10jRAM SIYJ, 6L oATyRBOU 08-6¢ 7 6L 0-cee ¢-6¢ | ¥-6L 9:-L | T-LLG 9-0%1 0-96TT | corcrrrrrrrorrr ety M
, "waIpIgd Jo %001 | . ( B ‘
ur 3099 Jo Surijoy “1ogra snouostod Lo 8L 6-62¢T @99 8- L¥ 0-899% | 6-66¢ 8-6LS aL 0-G8YE | 0-F60F | 0-€EOCT | wrrrrrrrrrrn e r
‘ “URIPIIYD 30 %0T . ‘ ‘
ul (3003} JO SUIIIOW OSNeD [[IA 1ojRA SIY], ]-L oArgedau 96- L 1-CT 9.cc .81 ]-801 L-Z €6-€9 F1-6L 0-96L | e 1
waIp[Iyd Jo 95001 T ur y3eeq jo . B D
FUIIOIL  "I[BS ONW 00)—I9FRM SNOUOSIO ] 9-L FOL-€ G- 6¢ 1-6€ 0-999 1¢-281 8-9¢ ¢L 0-68e¢1 0-¢2T1 0F9FF | coccc e H
‘spottad Fuor i e S S S I S S e —
£304 1940 AJrep SuMIp U YA [yuLrey oq L¥Ig 1-8 9-96 9¢-Le 6-9¢ | 0-L8€ L-9% 8-chl GL-0 0-cl¥ T-0LE 0091 | ety D
"WAIP[IYD Jo %06 T UI y3eal , u T T T
POI3OIL  “9[®S YonwW 003—IajeM SNOUOSIOJ 6-L i aad 8-¥e 068 0-¢061 6 LET @+ 09¢ §¢ 0-LILE 0-0TTZ (U1 B 8 (G Jq
WAIP[IYD Jo %08 T ul y3ees o B
PO[HIOIN  “3[®S Uonul 003—I9jeM SNOUOSIOJ 9-L 90er} 16-81 Lece 0-888 1-c¢ 43y 9-¥ ¥+ 086 0-¥1ez 0-96aG | oo CI
— = (O St Y PUNS S —— S
"UAIP[IYO JO Y08 T Ul Y3o9) :
POIFOIL.  "I[S YOoNU 00)—Ia3BM. SNOUOSIO] gL 0-ccl ¢L-0¢ ¢-6z 0-0091 8-G81 8-9¢6 | (4 0-18¢1 0-91¢e 0-L09L | ccrccorrrooomrrrrremmrsrerirane a
TURIP[IYD JO %08 T ul Y39l
PO[#OIN  “9[Es Yonul 003—I0jeM SNOUOSIO] €L 1-90¢ 98-9% 0-6c 0-0L91 1-98% 1-666 L-c ¥-6ast 0-LLEI 0-T€9ET | wowrrrr st e
WP JO Yh0e-0T Ul Y3003 F I
DPOIOIN "4Ies yonut 003—I19jeM SNOUOSIOJ 9-L 0-20z 98-9¢ ¥-6¢ 0-8€¢T € c0¢ 1666 1-c 0-TO8¥ 0-LLET 0:88GEL | «rrrrrrr e g
SULIP[IYD JO W | T
%01 “F Ul Y3093 Jo SuIijow ysi[s osnen | 7 ;
I (DN Aqemodso) wores outjes Arey g-L 7 89-0C 8- LE 7 g6l i 0-061 i ¢ 6L 0-L0T €0 1 L-¥C¥ C16 0-08FT | crrcrcrccccorrreeenty R
= , W S R RS | = — - - _
7 i CON) W LOSSOUpIRY | WIS ‘ SWMISOU w ‘((10) | (Tos) JUIUOD
SYIRWOY] ﬁ H speinN | G0 oidery | -Hesoxq 7 wnipog Sely * ‘wniore)) | courtonyy | ounonyy | ogeqdpug | . ‘0N mowadg
) R

g fo s1wg S:N\Qﬁ dad. sy g ZQ;&:;W W g fo &NME%,

THOVNIZY "N ANV NAULS "9 "d T TIav, TIVIWINY NV NVIN NI HONINOSIOd UHLVAL




e96T-S61d

suogdwa
asnen Avw WS g pun

(O"HL *TOSSIN

w000 T-00¢ — 7 ws 00g-0¢E || 1erer ares wosdy WS ogp | fOTHO T4FOSTEN) wo9I-g | ojeydins wnisouSew pue oyeydns wnipog
omIRyGun ST WS (0¢-09E 2 | J = = wd (g | oo ettt OPHONYD WNIPog
| _ T < e,
; : ; | Wi - F0DHM
ws (9-¢1—- M.CQI.G.Z . 7 ‘ws 09-¢1—: *.QCWTNZ , - s =1 moommz R R Y- Lo ot L Ce
) _ wd 0T *0D°
d WS p—g— F0D% ‘wd F-g—: 0N SINOY M9J ® UMM | WS ¢ 0-&[-0—: ‘00N
4961-561 wd ez-8-— FOD RN - ws g8 "0N*EN 1ejey WS ¢ fODT W€ -0—*0"HOT *0D*eN ity T s9qRU0qUR])
o _ .Swﬁlm.‘_[umcC e — i A PR E AR A GRS EEE R s & 5w ...mmvwﬁgﬁzm
= _ _ _ _ | sewmanes £ 355w Cee e JRIIU WNIPOS
swojduds : ;
‘w8 ¢[-] | SNOLIdS osned AvwW ‘W ()¢ ‘ws ¢1-8 || [egey ws og-8 ..&xo@.ammm ws (G- 7 T T Tttt 9gRIITU TNISSBIO ]
_— S B N S . - - S : .
sormadelayy, | OIXO], -ommoaderay, IXO, sornaderayT, _
- , — ! m e
0 MmoH OSIOH ey ‘

T QNE\Q‘_W Nv@:\ b.&%@@&@%%ﬁ&

C“IVININY ANV NVIV NI DONINOSIOd WALVAL



q961-S61d

“(6261)
WA “(LEBT) AN “(PE6T) [BLI0NPH “(ST61) Auysn))

was ()9-01

ws OZ1-09 [eyey g[es soqnery) 5y ¢ 7

(926T) wpuwT (8161) Auysn) (LE61) SN

WS (0FE0z1

OTLIRYIRD SB “WS ()9—()F 8y ¢-¢

HFE6T) [RLodpE (ST L) Auysng (Le6 1) N

01x07 ‘sporrad Suof 1040
Arep ws ¢1—: *ODHEN

W g6 0 F0DHEN

wd GI-F— 0D HEN

(6261)
UImeT (LE6T) SN “(FE6T) [eHIodpH (8161) Auysny)

[83ef ‘WS C[-0[—: "))

ws g [-¢-0—: F0DFRN
RJUEI )
se wd g6 00— f0Dy

ws g fopTeN ‘wd 006-008—* F0D BN

(626T) umop (8161) Auysn)

[erey §°3 wWs (- F

(G161) Uyl <(9z61) 0pueT “(6gH1) Uurmo|

¥R} "ws ()9

[eIRy *wWs (g

WS (OFE

(T€6T) wo3stery) (6161) PuyQd]
“(PE6T) 300D pue ypws “(LE6T) SN (STET) Atysn)

[v3ey "ws (-9

sI0YINY

IXOT,

onnadeioyy, 7

“Bocf ‘

[erey "ws (f |
|

‘ws g ws 0pg

sonnoedeiay], DIXOT,

MO

"HOVNINY ‘N ANV NAULS ‘D '

TSPVS LU i \Q sasocf bhz\qLi

TI d14vT,

e961-561d



D. G. STEYN AND N. REINACH.

Specimen N : Stock drinking this water die from within a few
hours to a few days. Symptoms seen were hoven and diarrhoea.

Specimen O : This specimen was taken from the Upington town
supply, which 1s filtered water from the Orange River. It is very
wholesome water.

Specimen P : As the owner had sold this farm no reliable infor-
mation regarding the effects of the water on stock was obtainable.

It should be pointed out that the salt content of the waters in
Table I will vary at different times of the year and in different years
depending upon the rainfall and the depth of the wells and bore-holes.

No cases of mottling of the teeth of stock were seen on the farms
visited. This should not be taken as proof that the high fluorine
content of some of the water supplies does not affect the teeth of
animals, as it is a very general practice in the area concerned te
move stock about, especially on account of droughts. 'T'he result is
that the same animals very rarely or never drink fromm the same
water supplies for long periods.

In discussing the results of the analyses given in Table I, the
contents of Tables IT and I1T are of great value.

The approximate equivalents of sodium sulphate (Na,SO,-10H,0),
magnesium sulphate (MgSO,-7H,0) and calcium sulphate (CaS0.)
to sulphate (SO,) can be calculated by multiplying the figures in e
sulphate column (Table T) by 3%, 24, and 11 respectively. Other
equivalents can be calculated on a similar basis by utilising the
information supplied in Table T1T.

A full-grown beast which drinks daily 45 litres (=10 gallons)
of water which has a total salt content of 0-5 per cent. (5,000 p.p.m.)
will consume 225 gm. (=74 oz.) of salts daily. This quantity of
salt 1s, according to figures of salt requiremerts for cattle given
by authorities in different parts of the world (¢ lea, 1935), approxi-
mately eight times the amount of salt required for growth, mainte-
nance and production. In a very dry and hot climate the daily
cousuraption of 45 litres of water by a beast which had to wall =
long distance to the water, as is usually the case, is moderate. 1
addition 1t should he considered that stock are inclined to drink
larger quantities of saline waters than they do of water, which
contains much smaller quantities of salt. Tt is very difficult with
the limited information which we have at our disposal concerning
the effects of highly mineralised waters on man and animal to suggest
a definite limit of the degree of salinity of drinking water beyond
which harm will be done. Experiments have been commenced at
Onderstepoort in order to determine the safe limits of the degree of
salinity of drinking water for stock. It is realised that these experi-
ments will have to be continued for periods extending over a number
of vears before relinble and definite conclusions can be drawn.

1t 1s also realised that it 1s essential to consider any results
which are obtained from experiments with water rendered saline
artificially, in conjunction with observations made under natural
conditions in the field.
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D. G. STEYN AND N. REINACH.

From the information at our disposal it is definite that the most
harmful and poisonous ions arve nitrates, sulphates, sulphides, fluo-
rine, and magnesium. It is especially the relative degrees to which
they are present which will determine the effects of saline waters
upon stock. A very common constituent ~f highly mineralised
waters is sodiuin (hloude which 1s certali - also dertimental to
health when 1t is present in appreciable quantities.

In discussing the safe limit of salts in drinking water we must
pay due attention to the possibility of {the harmful effects upon man
and animal being only noticeable afier the water had been drunk
for very long periods. These harmful effects may show themselves
in retarded growth, decrease in productivity, mottled and bad teeth,
head-aches, chronic forms of indigestion and urinary caleuli. Hard
anld alkaline waters undoubtedly play a réle in the formation of these
caleuli.

We cannot but agree with the older authorities in Fmngland
and the Unlted States of America that the extreme limit of total
salts in wholesome drinking water should be 0-057 per cent. (570
p.p-m.) especially as far as man 1s concerned. When the suitability,
or otherwise, of water for drinking purposes is considered special
attention should be paid to the relative amounts of nitrate, fluorine,
sulphate, sulphide, bicarbonate, carbonate, calcium and magnesium
present especially in waters where the total salt content exceeds 570
p.p.m. Water containing, for example, 0-1 per cent. of total salt
(1,000 p.p.m.) could be used with a fair degree of safety provided
one, or more, of the above ions is not present in excessive quantltles
Fluorine is a dangerous poison and water containing more than
0-0001 per cent. (1 p.p.m.) of it should not be used as drinking
water, especially for man. KEven water containing 1 p.p.m. of fluo-
rine is likely to cause slight mottling of the teeth in 10 per cent.
of the children drinking it. Stock appear to be more resistant to
fluorine poisoning than man, especially as far as the mottling of
teeth is concerned.

One of us (D. G. S,) is acquainted with several cases where
human beings have lived for vears in a town where the underground
water supply contains approximately 0-08 per cent, of total solids
(800 p.p.m.) and who still suffer severely when they drink a few
olasses of this water on a hot day. This water when taken by
individuals who ave not accustomed to the drinking of saline waters
suffer severely (slight nausea, feeling of discomfort over the epi-
gastrium, and diarrhoea) in many cases. However, most of these
individuals become accustomed to this water and the ahove effects
disappear in the course of time especially if they limit the quantities
of water they drink.

D. ScscEPTTBILITY OF MAN AND OF DIFFERENT SPECIES OF ANIMALS
TO SALINE WATERS.

ITeller (1933) rightly states that: (1) Pigs are more susceptible
to salt water than other domestic animals; and (2) cows in heavy
production are more susceptible than steers and cows not in produec-
tion.
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WATER POISONING IN MAN AND ANIMAL.

It 13 a well known fact that pigs and poultry are fairly suscept-
ible to salt poisoning, especially to sodium chloride .Horses are more
susceptible than cattle and sheep, and man more so than animals.

There seems to be no doubt that both man and animal develop
a certain degree of tolerance to waters which contain excessive, but
comparatively low, quantities of salt. However, like in all poisons
there 1s a limit to this tolerance which may break down at any time.
One thing should be realised and that is that it is extremely difficult
to determine what effects fairly highly mineralised drinking water
will have upon man and animal over a period of years. It is very
doubtful whether tolerance can be developed to hard waters as far
as the formation of urinary calculi is concerned. The disadvantage
of saline waters 1s that both man and animal drink larger quantities
of 1t than of wholesome waters, probably hecause the former waters
are inclined to cause diuresis and diar odea. The nature of the
food consumed should also he considerea in a discussion on the
susceptibility to saline waters. 1 1s obvious that the salt content,
especially common salt, of the food shou'! be as low as possible in
cases where water containing large quan ies of salt (common sall)
is drunk. Diets containing oxalic acid or oxalates (rhubarb, spinach)
will be likely to cause the formation of calcium and magnesiuin
oxalate calculi (urinary) if the drinking water contains excessive
quantities of calecium and magnesiumn. The owner of a farm in a
semi-arid region of South West Africa where the water is very
hard (calcium) and a large proportion of the grazing consists of
species of Mesembryanthemum and Psilocaulon, both of which contain
owalic acid, informed one of us that in no case could they eat the
kidneys of slaughtered sheep as these organs svere °“ one mass of
grit 7. The ¢ grit 7 is probably caleium and magnestam oxalate
crvstals,

The quantity of saline water drunk by man and animal 1s
obviously also a deciding factor as far as susceptibility is concerned.
The factors which defermine the quantities of water taken bv man
and animal are mentioned under TV A.

1. Syarrrous or PorsoNiNG witH liXCESSTVELY SATINE WATERS 1N
Man anp ANIMAL.

The following symptoms may be encountered depending upon
the mature and concentration of the salts present in the water.

(a) Man: Nausea, vomiting, chronic indigestion, loss of appetite.
head-aches, diuresis, diarrhoea, feeling of discomfort over the epi-
gastrium, mottled teeth (fluorine), bad teeth (caries), and urinary
caleculi (see V).

Tn connection with caries in teeth it should be mentioned that
Mills (1935) states that puirefactive activity in the colon (colitis)
leads to the absorption of harmful bacterial products into the blood
streamr.  Thesge harmful products are excreted in the saliva wering
the vitality of the gingival tissues and may also be the cause of
bad teeth (caries).
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D. G. STEYN AND N. REINACH.

() Animals: The first symptom usw y seen in animals is
diarrhoea, although death may occur within a few hours after water
containing large quantities of nitrates or sodium chloride have beer
drunk.  Vomiting and hoven, even in ruminants, may at times be
present, also clonic muscular spasms. Urinary calculi may develop
m the course of time and may cause rupture of the baldder (see V).
In the more protracied cases of poisoming the following symptoms
appear : —chronic disirhoea, partial loss of appetite, retarded and
stunted growth, anaemia, nen(\ral weankness, reduction in producti-
vity (11111]\, \\001 egys) and fertility, " increased susceptibility to
worms and to the effects of droughts. It is obvious that, owing
mainly to the chronic diarrhoea caused by the salt action on the
gastrointestinal mucosa, digestion of the food ingested is defective
and this may result in many complications. One of the complications
may be a disturbance of the mineral metabolism which may already
have been rendered abunormal through the presence of large quanti-
ties of caleium, magnesium and sulphates in the water.

Both in South West Africa and in the North-Western Cape
Province one of us (D. G. 8.) visited several farms where both
cattle and sheep showed a severe form of pica (allotriophagia) in
spite of the fact that they had constant access to bonemeal licks.
The only difference between the econditions on these farms and the
surrounding farms on which the animals did not show allotriophagia,
was that the drinking water (bore-hole water) on the former farms
contained very large amounts of salts, and calecium, magnesium and
sulphates were present in excessive gquantities.

This disturbance of the nuneral metabolism in animals drinking
excessively mineralised waters, especially those containing excessive
quantities of calcium, magnesium and sulphates, can be explained
on the following grounds:—{(a) Becka (1929) found that magnesium
inhibits absorption of caleium from the food and increases its excre-
tion from the body. (&) According to Cunningham (1933) there is
a general tendency to a lower blood caleium when the serum magne-
situm 1s higher. (¢) Heller and Paul (1934) found that there is an
increase in the mineral content (Na, K, Ca, Mg. and Cl,) of the
blood in animals drinking saline waters. The mineral content of
the blood increases with the quantity of salt consumed. (d) Stransky
(1934) states that sulphates have a de-ionising effect on the calecium
present in blood serum. (e) Heller and Haddad (1936) found that
in rats drinking water (ou‘mmmu calctum and magnesium in exces-
sive quantities ’thele are large amounts of phosphmus i the faeces
and also that ‘“ the presence of an 10on with which the sulphates form
insoluble compounds increases the faecal phosphorus output ”
(/) Meulendracht (1938) describes ““ a case of extreme decalcifica-
tion of the bones manifested clinically by persistent and progressive
pain in the back and loin, by spontaneous fracture and collapse of tlie
spine, so that the patient became 10 to 12 cm. shorter, and by numb
sensations in the Jower extremities, necessitating the use of bandages
and leather corsets, and radiologically by an extreme calcium defi-
ciency of the bones, especially of the spine, the vertebrae showing
the typical hour- U‘th shape (°° fish vertebrae '), some of them
having coalesced in an irregular manner ”’. Meulendracht excluded
the })Obbll)lllty of a faulty diet. He came to the conclusion that this
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serious disturbance of mineral metabolism was caused by the pro-
longed use of Carlshad salts (one teaspoonful every morning for
thirty-five years). The chief constituents of these salts are sodium
sulphate and sodiwin bicarbonate. According to him the calcium n
the food was precipitated as calcium sulphate and excreted with the
faeces, hence the calcium deficiency. It is obvious from the above
information that other factors (diarrhoea, sulphate ion, alkalinity,
etc., of the Carlsbad salts) also play a role in causing the disturbances
in the Ca-P metabolism.

F. Post MortEM APPEARANCES.

These are apparent from the description of the symptoms given
above: In peracute cases no specific lesions may he descernible, while
in the more protracted cases there may be acute or chronic gastro-
intestinal catarrh, cachexia, anaemia, and possibly urinary caleuli.

G. TrEATMENT.

It is obvious that treatment will be of no avail unless the drinking
of the saline water is discontinued. In the majority of cases treat-
ment 18 not necessary as recovery will take place very soon after
discontinuation of drinking of salt water. Olive oil and raw linseed
o1l should be given to allay gastrointestinal irritation and black
coffee and tea as diuretics. If available, the patients should be
allowed to drink rain water.

H. PrevENTION.
(a) Fluorine Potsoning :

Alum, magnesium oxide, lime and carbou could be employed in
the removal of fluorine from drinking water. However, the efficacy
of these substances in removing the fluorine depends on the chemical
characteristics of the water to be treated and further research is
necessary before definite conclusions can be drawn (Kditorial, 1936
¢). Adler and Klein (Editorial, 1937) found that 10 lb. of trical-
cium phosphate ““ will remove sufficient I from 560 gallons of water
to render the small impurity harmless *'.

Tivolve (1937) ascertained that tricalcimin phosphate, magnesium
oxide and magnesium are very effective in removing fluorine from
water and that they do so to a similar degree. From an economic
point of view magmnesium oxide 1s to be preferred. Trom his
experiments it appears that 1 lb. of calcined magnesite would suffice
to {reat approximately 88 gallons of water containing 5 p.p.m. of
fluorine. The fluorine binding power of the magnesium oxide will
to a large extent depend on the nature and amount of mineral salts
present 1n the water to be detoxicated.

According to Kempf, Greenwood and Nelson (1937) the addition
of aluminium sulphate to water reduced the F content of water
from 8 parts per million to 1-5 p.p.m.
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Adler, Klein and lindsay (1938) found that tricaleium
phosphate, which must be porous, pessesses marked absorbent
properties as far as fluorine 1is concerned. In their filtering
experiments they employed glass tubes (** towers ”") which cor ned
40 gm. of tricaleium phosphate, which had a particle size bhetween
A0 and 40 mesh.  The column of iri-calcium  phos  ate  was
159 cni. In diameter and 368 em. hi~h,  Water containing
30 p.p.m. of I was passed through this 1 er at the rate of 12-5
¢.c. per minute. The I content was lowered from 30 p.p.m. to
(-3 p.p.m. on three liters of water. Comparative tests showed that
tricalectum  phosphate has approximately twice the eapacity of
activated aluminium in removing 1¥ from water. M¢ atine and
Hammond (1938) state that the hicher the temperature is the more
eifective tricalcium phosphate is in the removal of I from water.
They found that the different hrands of tricaleium phosphate differ
in their fluorine-binding capacity. In some of their experiments
L to 4 gm. of tricalcium phosphate reduced the ¥ content from
6 p.p.m. to 0-3 p.p.m. per liter of water. It is suggeste that
fluo-apatite [3Ca,(T’0,),Cal’, ] is precipitated.

I'urthernore 1t 15 possible that the permutite or zeolile filters
described below (b) will also remove a certain percentage the
fluorite present in water supplies.

(b)Y Poisoning with salts other than Auorides.

Kooymans (1938) states that manganese 1s removed witk iron
quite satisfactorily when the manganese content is not too igh.
Tn the latter case potassium permanganate or lime could be added
to the water or manganese-permutite could be used. The use of
chemical filters is however very expensive.

In industries permutite apparatus is frequently used to rer
hard waters soft. TIts action 1s based on the alternating action
between calcium and sodium. The active Ingredient in this
apparatus 15 a hvdrated silicate of aluminium and sodium
(Na,0,A1,0,.4810,.2H,0) which is known as permutite, silicalite
or artificial zeolite. The reaction with hard water is reversible and
takes place as follows: Na,0.A1,0,.4510, . H,0 4+ CaCl, + aq. ——=
Ca0.A1,0,.4510,.2H,0 4+ NaCl + aq.(H. 1938). Depoorter (. 1933)
describes how this method of softening water could be applied to
domestic water supplies. He proposes the use of an ordinary glass
condenser, which is filled with permutite an  through which the
hard water passes. e has been able to reduce the hardness from
24°-1° in this way.

The authors wish to suggest that the problem of ghly
mineralised waters could be partlv, if not entirely, solved ovn the
following lines as far as the human being 15 concerned: By

storing rain water in galvanised iron tanks or in dams and using
it as drinking water in conjunction with bore-hole and well water
which are not too saline. Unfortunately the rainfall in the areas
concerned is very low, so that provision must be made for the storage
of large quantities of rain water. (2) On many farms with s ne
waters sultable drinking water s found after a number of wells
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or (and) bore-holes had been sunk. Tt iz therefore suggested that
Government assistance in regard to the sinking of bore-holes be
rendered {o farmers in the areas coucerned as many of them are 1
a sad plight. It is furthermore proposed that in the course of tinwe
specimens of all the drinking water in the areas concerned be collected
and analysed in order to safe-guard man and animal againzt the
hezards of drinking excessively mineralised waters,  (3) By erecting
small filters (permutite, magnesium oxide. tricaleium phosphate,
alum) in homes for the purpuse of filtering the drinking water
in order fo remove fluorides and other saltx.  This could be done
at a comparatively low cost.

With regard 1o drinking water for stock it ix obvious that the
ouly recommendation which could be made here 1z Government
assistance for sinking bore-holes and butlding dams {o those farmers
concerned.  The importance of dams for the conservation of rain
water cannol be overstressed.  This would ge o very long way to
solve o very serious problem in the areas concerned asx the dam
water could be nsed for hoth human beings and animals,

it would appear from the extensive investigations conducted
by vartous uauthorities into the effects of excessive quantities of
caletum upon the system and from observations made by us in the
field that we have good crounds for recommending that caleiwm-free
licks (mono-acmmonium phosphate, sodium phosphate) be grven to
stocl: an farms wlere thelr drinking water contains crcessive
quaniities of calcium.  The reason iz obvious. Tt ix well-known
that the presence of excessive quantities of calcium in the owastro-
Intestinal tract 1s prone to render the phosphorus inabsorh: le by
converting di-caleium phosphate into the fairly insoluble tri-caleium
phosphate.  This would uaturally rveflect itself in symptoms of
phosphorus defictency 1f the quantity of phosphorus in the feed 1s
already low. 1t is for this reason that the above suggestion in
regard to the use of caleium-tree phosphate lichs is made in ovder
to Hmit the caleium intake in cases where the drinking water
contains large amounts ob this element.

V. AF (

McCarrison  (I931) states  (hat urinary caleuli are of  most
trequent oceurrence in hot, arid, desert ploius, hut they sometimes
alzo oceur in areas rich In owater.  Aecor ne to Woodraff (1934
urinary caleull are most prevalent in cattte where arid conditions
prevail, The experience of the authors certainly supports Woodruff's
and MeCarrison’s statements, as by fur the majority of reports of
winary caleuli in stoek have been veceived from the arid and semi-
arid regions of the North Western Cape Province and South West
Africa.

Urinary oo uli are of meh more frequent occurrence in males
than 1n females.  (fastrated nales again are much morve frequently

affected than uncastrated ones. This iz obviously due to the inhibited
development of the genital organs, especis v the urethra.  Almost
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wany affection, ncluding infections, of the genital organs especially
the penis, 1s termed * pisgoed ° by the South African farmer
(Steyn, 1930).

De Camp (1936) states that the Negro in all parts of the world
1= free from urinury caleuli.  Vermooten (1938) also found renal
caleuli of extremely rare occurrence in the South African Negro.
The Negro diet 15 Jow in calcium.

According to Left (1936) urinary caleull are twice as commion
ir the male us 1n the femule 1n patients admitted to the London
Hospital.  Ticknet (1934) and Rumpel (1936) state that there is
a steady  Increase 1o the occeurrence ot these calculi n man.
Winsbhurg-White (1933) veviews 426 cases of urinary calenli and
states that the ineidence of renal caleuli in man 1s on the 1ncrease.
The reasons are obseure.  Of the 426 cases the ealeuli were found in
the kidnevs and ureters m 79-1 per cent. of {he cases and in the
remaiming cases (2009 per cent.y the caleuli were in the bladder and
in the urethra,

In sheep urinury caleuli are very frequently situated in the
processus urethrae as the sigmold curvature of the urethra of the
male <heep offers a mechanical difficulty to the passage of large-
sized caleuli.

AL Cavses or Urixary (Cancuvnl.

Osborne,  Mendel wand  Ferry (1917) were able 1o produce
phosphatic uwrinary caleuli 1n feeding experiments conducted upon
rats. Y Tnoevery mstance where caleuli developed, the animals were
without an adequate source of the fat-soluble vitamin fer some
time

Bruck (1937) states that a  recumbent (sleeping) position
enhances the formation of kidnev wnd ureferal stones as lurge
quantities of wrine 1n the bladder seriously retard the flow of urine
from the kidneys and ureters.

Hagar and Magath (1925) refer to urinary caleuli caused by
Nalmonellu ammoniac, which renders the urine alkaline.  (‘aleuli
can be produced expertmentally in the bladder by Proteus ammoniae,
and Hagur and Magath (1928) state that Vitamin A deficieney is
possibly favourable to the implantation of this infection. MeCarrison
(1927 )was able to produce phosphatic stones in the bladder of rats
by feeding them o faulty diet, namely, (a) absence of protein of
animal origin, (0) deficiency of vitamin A, and (¢) excess of earthy
phosphiates. e states that {0 these faults there may possibly
have been added a toxic actinon of the diet on the urinary tract ™.

In a later communtcation MceCarrison (1931) states that faulty
diets, infections, and physicochemical disturbances in the urinary
tract may cause urinary caleuli and that the former {wo factors
may produce the third. TIn India the diet 1s the most important
factor in the causation of caleuli.  In that country it is a poor man’s
disease, as their diet 1s mainly one cereal grain or another. [Ile
proved that wmilk and butter afford protection against stone. He
found that a Cull> mmbalance ix a very important factor in the
production of certain types of urinary caleuls.
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According to Barr, Bulger and Dixon (1929) there are in
hyperparathyroidism  (a) rarefaction of the bone, (b) muscular
weakness and hypotonia, (¢) abnormal excretion of calcium in the
urine and formation of calcium stones, and (d) abnormally high
serumi caleium.

Blount (1931) states that the following ave supposed to be the
¢hief factors which control the formation of urinary caleuli:
(«) reaction of the urine, (b) presence of a nucleus, (¢) excess of
foods rich in salts and organic compounds, and (d) metabolic
disturbances associated with abnormal excretion of salts.

According to Pontus, Carr and Doyle (1931 and 1932) urinary
caleuli are more frequent in sheep than in any other species of
anlimal and the cause of their formation has been attributed to
(a) the feeding of roots, especially mangels, () ° hard waters "7,
(¢) good condition of the animmals concerned, as they are too lazy
and do mot void urine frequently, (d) lack of exercise and
(¢; chilling after shearing. Michael (Pontus, Carr and  oyle,
1932) studied the formation of urinary calculi for five years. He
fed various diets to sheep as follows: Group 1-—grain and clover hay,
group 2—grain, hay and corn (mealie) silage, group in, hay
and mangels, and group 4—grain, hay and sugar-beets. No calculi
occurred in groups 1 and 2 and their urinary organs showed no
lesions. However, in groups 3 and 4 there were a number of cases
of calculi and ivritation in one part, or more, of the urinary tract.
There were also distended and enlarged gall-bladders, enlarged
kidneys, and enlarged hearts. Michael attributed the enlargement
of the organs to the large quantities of water ingested. These
results point to mangels and sugar-beets being responslble for the
formation of ecalculi. Pontus and his collaborators (1932) fed
different diets to forty-two sheep for more than two years in order
to determine how it would affect the reaction or composition of
the urine. The reaction of fresh urine varied from pH 6-8 to 9-0
depending upon the feed of the animal. Lucerne or clover hay or
beet rations produced a very basic urine ash, but when a cereal grain
or 1)1“(1111 was added to the ration the reaction of the urine was nearly
neutral.

Traube, Skumburdis and Goldberg (1932) conducted precipi-
tating tests with calcium salts of oxalic acid, phosphoric acid and
carbonic acid in test tubes in an attempt to elucidate the problem
of urinary caleculi formation.

According to Albright, Aub and Bauer (1934) a severe degree
of hyperparathyroidism could be associated with calcult within a
short time.

Woodruff (1934) states that urinary caleuli cause a lot of trouble
in certain areas in America. They occur in cattle and almost
exclusively in males of the heef type, particularly among steers
raised on the Texas and New Mexico ranges and brought to the corn
belt to be fattened for the market.

Gruber (1935) refers to endemics of urinary ecalculi in boys
in Dalmatia and Bosnia; the cause is unknown and may possibly
be bacterial infections.
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- Higgins (1935) conducted experiments upon rats and found that
(a) urinary caleuli, chiefly caleium  phosphate, develop rats
sustained on a diet deficient in vitamin A, and alkalinurma and
keratinisation of the epitheliuni of the urinary tract weve constantly
observed. 1In later stages of the experiments infection of the urinary
traet was frequent; and (b) the chemical conditions necessary for
the formation of caleuli are produced by vitamin A deficiency.

Keyser (1935) states that in  different laboratories urinary
calculi huve been produced in animals in the following wavs:
(@) by feeding oxamide, (b) by producing artificial excessive
excretion of caleium oxalate (¢) by excessive doses of parathyroid
extract and of viosterol, (d) by the formation of uric acid caleuli
in animals with liek hstulae (¢) by feeding diets deficieni in
vitamin A, (f) by infection with urea-splitting  streptococci,
staphylococci and Bacillus protevs-ammoniae, and (y) ** by the
incrustation of organic or inorganic foreign bodies in the presence
of infection ",

~ Olpp (1935) mentions twelve causes of caleulus formation in
China:  (a) constitution-—stone families, (b) race and hal s of
living of different nations, (¢) some races in China stand ~nd ~btars
31t on their haunches when wrinating.  In the latter case e ler
cannot be completely emptied and concentrated urine remaims In
the bladder, (d) hot climate, (e) heavy work in hot weather,
(H (he‘(lpotnoeq ““ Nudeln 77, beetroot, and cabbage constitute the
main diet in China; hoiled water, (y) vitamin A deficiency, (k) in
babies the remains of a persistent infaret may form the nuclens of
a stoue, (i) microfilaria-parasitic cause, (j) foreign Dbodies in the
urinary tract, (&) profession most affected are farmers, °° boat
pullers 77, fishermen, and labourers, and (/) bllhﬂlAlusls#de\quqnm-
tion of epithelium. According to De Camp (1936) (1) deficieney in
vitamin A and D 1is partly lehp()llslble for the formation of uwrinary
caleuli, (2) vitamin A should be of animal origin in order {o prevent
caleuli, and (3) renal caleull frequently follow fractures of the spine
and pelvis,

According to von Querner (1939) vitamin A deficiency causes
degeneration and keratimisation of the epithelial system resulting in
the formation of concrements. The haemorrhages in vitamin A
and C deficiency and the fact that these two deficiencies are often
accompanied by various infections, may result in the formation of
urinary caleuli.  Tnfections of the urinary truct mayv oceur in all
avitaminoses. In vitamin B, deficiency there are disturbances in
the calcium metabolism and this may vesult in the formation of
urinary calculi.  In D-hypervitaminosis theve is a mobilisation ot
boure ¢ ium and during the process of excretion of the excessive
caleium 1n the blood by The kidneys urinary caleuli may be formed.

In hyperpavathyroidism there 1s an 1ncrease 1n urinary caleium,
which may lead to a change in the colloid-crystalloid equlllbuum
of the urine which in turn favours ])I‘e(,lpltitlon of certain urinary
constituents, (Kditorial, 1936 a). Left (1930) states that winary
calenll sometimes follow prostatectomy.  According to Rumpe (1936)
the state of mind, vegetative centres in the brain and in the peri-
pheral nerv influen  wnary secretic and caleuli f ion.
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Caleuli have been observed to appear after diseases of the nervous
system.  Also Kielleuthner (1938) refers to osteogenic and neuro-
genic phosphate stones. The latter stones occur in diseases of the
nervous system.

Van der Ryst (1936) fed rats on the following diet and produced
caleuli ** within a short time 7’ : 90 ground white rice, 3 casein, 3
yveast powder, 2 salts (the mixture used in his laboratory), 1 cod-
liver o1l and 3 calcium carbonate. The epithelium of the pyramid

became stratified instead of single.

Verkoren (1937) states that Polak succeeded in producing kidney
and bladder stones in rats by feeding them on a diet containing 3
per cent. of calcium carbonate. It was expected thal these caleuli
would consist of calcium carbonate, calcium oxalate or caleium
phosphate or uric acid, xanthin or protein substances. wever,
they were found to contain 50 per cent. of organic material, no
oxalate, and a nitrogen-content of approximately 1 per cent. From
30 my. of a stone 34 mg. of citric acid was isolated; therefore a
large percentage of these kidney and bladder stones of the rats
contain calciuni citrate.

Newsom (1938) refers to losses in lambs from urinary caleuli near
Fort = Hrgan, Colorado. The trouble started after they had been
fed on lucerne, maize and linseed meal for five months. Sheep
fed on beet tops died from ruptured bladders. ITe quotes the case
of a stock owner who lost many sheep from urinary calculi while
teeding wh-~t whereas the mortality stopped when he changed to corn
(maize) an  lucerne. Calculi were also found in lambs fed on
lucerne, corn, bri , dried pulp and cotton cake. The disease is
also common in winter in Kastern Colorado in cattle fed on lucerne,
bean straw, beet tops and pulp, corn barley and wheat and in addition
limestone and bonemeal. When the calcium carbonate was removed
and corn and lucerne fed no more cases of urinary caleuli occurred.
Newsom states that most feed-lots in Northern Colorado “ are supplied
with a water heavy in alkali salis . At the Ohio Station it was
found that sheep fed heavily on phosphatic food were more liable
to the formation of caleuli. Wheaten bran has a high mineral
content, especially phosphorus.

Fiirth (1936) in his paper on ‘° Pathologische Physiologie der
Steinbildung 7 (Wien Med. Wochenschr. 1936 Pp. 565-567 and
604-606) discusses various factors concerned in the causation of
urinary caleculi. Unfortunately details of the paper cannot be given
here as the publication is not obtainable in South Africa.

Witter  )36) found that the kidneys of chicks, to whose drink-
mg water sodium hiecarbonate was added, became pale, swollen and
engorged with ur: s,

Tn an Editorial (1938 a) in the T.ancet the rdle played by bone
disease and bone injury in the causation of urinary calculi is dis-
cussed. It 1s stated that °° bone repair involves local decalcifica-
tion; prolonged fixation of the limbs leads to a more generalised
bone rarefication; and both processes favour excess of calcium in
the urine .
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Griftin, Ostertag and Braasch (1938) staie that ““in cases of
urinary lithiasis the values for blood calciuan, phosphorus and phos-
phatase exhibit no common change which can be termed characteristic
of the group. Minor variations in the value for blood phosphorus,
particularly a lowered value, are not unusual but the concentration
of blood calcium is very constant. Patients with a high value for
blood calcium or phosphatase who have urinary caleuli should under-
go a thorough investigation for scme other coexistent pathologic
condition. In our study, hyperparathyroidism v-s found to be an
etiologic factor in less than 2-2 per cenf. of e 1,206 cases of
urinary lithiasis

B. Narvrn axp Comrosritroxn or Unrinary Cancrrn.

Urinary caleuli may be composed of one or more of the following
elements : —

(a) Phosphates, especially calcium, ammonium and magnesium
phosphate.  [McCarrison (1927), Blount (1931), Pontus, Carr and
Doyle (1932), Woodruff (1934), Milks (1934-1935) and (1935). |

(0) Xanthin (C,H,N,0,). Easterfield, Rigg, Askew and Bruce
{1931) state that wanthin is a rare constituent of urinary ecalculi.
Xanthin 1s widely distributed in the vegetable kingdom and occurs in
human and animal bedies. The amount excreted in the urine is
increased during inflammation of the kidneys. According to them
urinary calculi consisting of wanthin are very prevalent in sheep
on some farms in Waimea County in New Zealand. These calculi
occurred only on one particular type of soil which was of low fertility.
Milks (1934-1935) also refers to zanthin calcull.

(¢) Silicates (aluminium silicate). [Blount (1913); Pontus

Carr and Doyle (1932).]

(d) Urates and uric acid: [Blount (1931), McCarrison (1931),
Woodruff (1934), Miiks (1934-35), Bruck (1937).]

(e) Oxalates. [Blount (1931), MecCarrison (1931), Pontus, Carr
and Doyle (1932), Woodruft (1934), Milks (1934-1935), and Bruck
(1937).]

(f) Cystin.  [Milks (1934-1935) and (1935), Green, Morris,
Cahill and Brand (1936).]

(g) Leucin [Blount (1931).]

(h) Allantoin. [Green, Morris, Cahill and Brand (1936).]
(i) Tyrosin. [Blount (1931).]

() Lithium salts. [Blount (1931).]

(k) Carbonates of caleium, magnesium, and iron [Blount (1931),
MecCarrison (1931), Pontus, Carr and Doyle (1932), Milks (1934-1935)
and (1935).]

(Iy Lime [Ca(OH),]. [McCarrison (1931).]
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The following table is taken from Blount’s (1931) publication
and gives the chief constituents of urinary (’alcuh as found in man
and animal:

Animal. Acid urine. Alkaline urine.
|
[
Horse...... Silicates.. ..o Triple phosphates, calcium carbonate, mag-
nesium phosphate, calcium phosphate.
Ox......... | Silicates, calcium oxalate, | Calcium and magnesium phosphates, calcium
xanthin and 1 esium carbonate, triple phos-
phates, ron carbonate.
Sheep...... Silicates................... Triple phosphates, iron carbonate, calcium
and magnesium phosphates.
Pig......... Silicates, calcium oxalate.... | Triple phosphates, calcium carbonate.
Dog........ Calcium oxalate, ammonium | Triple phosphates, calcium carbonate, cal-
oxalate, cystin, uric acid, cium carbonate -|- calcium phosphate, acid
urates . ammonium urates.
Cat........ Cystin, uriec acid, ealcium | Calcium carbonate -+ calcium phosplate,
oxalate ‘ potassium and magnesium phosphates,
triple phosphates.
Man........ Calcium oxalate, uric acid, Triple phosphates, calcium phosphate,
urates, cystin \ lithium compounds.

The reaction of the urine depends to a large extent on the nature
of the food ingested (Blount, 1931). THerbivora urine is usually
alkaline as their food contains large amounts of organic acids
(tartaric and citric acid). These acids are completely oxidised
during the processes of metabolism and their alkaline bases are
excreted. If herbivora are starved and were to derive their nourish-
ment from their own tissues, their urine will be rendered acid by
the excretion of acid sodium and potassium phosphates. This type
of urine 1is derived from proteins and is normally found in carnivora.
Blount states that ‘“ during the metabolism of animal protein,
sulphur and phosphorus compounds are being oxidised with the
production of their respective acids: these are later excreted and
so tend to lower the pH of the blood .

MecCarrison (1931) states that in his laboratory two hundred and
twenty six  ‘mary caleculi of human origin were analysed in the
course of three vears with the following results:—pure uric acid:
15, pure oxalate: 13, pure phosphate: 3, phosphate-oxalate: 23,
urate-phosphate : 20, urate-oxalate : 78; urate-oxalate-phosphate: 74.

Milks (]934—]935) describes  the following wurinary caleuli:
(a) uric i vellowish or reddish-brown in colour, hard
brittle, smooth or only slightly granular. () Calcium oxalate
calculi—dark in colour, very hard and heavy, often rough or spinous.
(¢) Phosphate calculi are usually composed of the triple phosphate
or ammonia-magnesium and calcium phosphate. They are grevish,
friable and hghtel in weight than the others.

Pontus, Carr and Doyle (1932) referring to urinary calculi in
sheep state that the calculi exaniined by them were largely composed
of calecium phosphate and organic matter. They furthermore state
that a survey of the literature indicates that caleuli are usually
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produced by the formation of caleium carbonate, caleinm and alumi-
niuw phosphates, and aluminium silicate, together with kidney tissue,
urates, epithelium, ete.

Felix (1936) describes tests by which the chemical nature of
caleuli could be determined.

C. Sysmrroms or Unrivary CALCULL.

(«) Man: The symptoms mayv vary to a remarkable degree.
However the following are those most frequently encountered—inter-
mittent pain (renal colic), haematuria, frequent and difficult urina-
tion, nausea and vomiting, and with infection of the genito-urinary
tract there may be pyuria, Jacobs, (1932).

(by Animals: The first symptom is restlessness; partial or
complete stoppage of the urinary tract; anorexia; arched back;
head usually carried low; kicking at abdonien; straining to urinate;
dullness and listlessness; wiggling of the root of the tail: 1in
advanced cases the animals mmay appear very sick; there may be
pus and blood in the urine (cystitis); inclination to lie down most
of the time, usually on their bellies, and when they get up they
stamp their hind feet; the wool or hair around the sheath is always
wet or encrusted with salts, or urine may be dripping continually
from the orifice of the sheath. There may be necrosis of the urethra
due to pressure exerted by large stones with the result that urine
finds its way 1into the surrounding tissues (oedema of subcutis).
The animals mayv show repeated attacks of the disease. Palpation
of the penis, urethra, ureters or kidneys is painful. After rupture
of the bladder, ureters, or urethra, uraemic poisoning sets in and
the following symptoms are seen: subnormal temperature, anorexia,
animal lies down and will not rise, abdomen distended with urine.
The breath smells of urine. Death inevitably follows rupture of
the bladder. (Pontus, Carr and Doyle, 1932; Woodruff, 1934 ;
De Camp, 1936; Newsom, 1938).

D. Post MorRTEM APPEARANCES.

As 18 evident from the description of the symptoms urinary
calculi will be found in the kidneys, ureters, urinary bladder, or
urethra. There may be inflammatory conditions or necrotic areas
in the ureters or urethra due to prolonged pressure exerted by large
stones or due to infections, (b) cedema of the subcutaneous tissues
in cases where there is necrosis of the urethra, (¢) ureamia, (d) urine
in the abdominal cavity in cases where the bladder, ureter or
urethra has ruptured, and (e) distension of the ureters, bla ler,
urethra, or pelvis of the kidnevs

F. TrEATMENT.

Blount (1931) states that (¢) ammonium benzoate is said to
assist in the resolution of phosphatic calculi in sheep; (D) sodium
bicarbonate (8-60 gm.) prevented phosphatic wrinary gravel in
lambs; (¢) magnesia renders oxalates more soluble; (d) potassium
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citrate 1s a diuretic and combines with caleiu thus preveuting the
formation of caleiwi oxalate; and (e) acid sodium  phosphate
acidifies the urine and dissolves oxalates

Lickint (1934) describes the following methods of treating
kidney and ureter stones: (a) application of warmth, diathermy,
morphine, pantopon, papaverin, and spasmalgin, with quite good
results.  (0) Ureter massage with patient lyving on his or her side.
(¢) irrigation of the urinary organs by administering large quantities
of tew, coffee and water. The results are quite satisfactory.
(d) Ihlatation of the ureters with instruments (ureter catheters).
(¢) By the administration of hypophysis extracts, which stimulate
peristalsis of the wreters.  This method is often employed in
combination with other methods. {f) llip-baths stimulate peristalsis
of the ureters and absorption of the water from the intestine
nrigates the urelers. (o) The views concerning the effectivencss
ot ethereal oils (oil of turpentine, oil of peppermint, ete.) in the

treatment of wrinary caleuli differ.  (h) Glycerine adnunistered
orally.  The following hypotheses are advanced concerning  the

action of glycerine in cases of wrinary ecalculi: (1) Spasmolytie
action.  Glycerine relieves the pain and the ureters may therefore
relax, or 1t may directly relieve the spusm in the urveters. (2) Tt
may  stimulate peristalsix of ithe ureters through withdrawal of
water from thelr mucous membrane.  However, Tickint rightly
states that the percentage of glyveerine in the urine is very low.
3 Ureter peristalsis may be brought about reflexly through intestinal
peristalsis caused by glveerine.  However, according to Lickint no
diarrhoea follows upon the administration of large (uuntities of
glycerine.  (4) Views differ in regard io the diuretic action of
elveerine.  Tiackint saw no diuresis in huwman beings who received
D50 em. of glycerine three times daily. (5 Removal of small caleuli
thvough an inerease 1n the “thickness " of the wurine due to the
presence of glycerine.  According to Lickint’s experiments this does
not oceur as the amount of glyeerine excreted in the urine isx too
small.  (6) Removal of small stones through an increase in the
viscosity of the wrine.  Lickint states that this is 1mpossible as
there 1s only an increase in the viscosity of urine when one pint
of urine s mixed with three pints of glveerine.  (7) Glyeerine may
act as a Inbricant of the ureters.  Also this ix fmpossible as the
concentration of glycerine, administered orally, 1= {oo low in the
urine.  (8) It may reduce the caleuli in size or dissolve them.

Previousty 11 was held that glveerine dissolves caleium salts and
urte acid deposits.  Tlowever, Tickint found that glycerine in
urine does not dissolve oxualate caleull and wrie acid stones.  Tle

13 of opinion that glyvcerine removes caleuli through its spasmolytic
action and (or) inerease 1n the peristalsis of the wreters. He ugrecs
with a number of urologists in that glyvcerine removes ureter caleuli
I many cases. His treatment consists of administering three times
datly 50 gm. of glyeerine up to a total of 450 gm. It ix given
neat and he hus seen no detrimental effects.  No additional fluid
1= given, only the normal quantity of tea, coffce or milk (13 litres),

Stevens  (1935)  discusses  the operatic removal of caleull.
Higgins (19395) conducted experiments upon rats and found that it
was possible to dissolve by adding vitamin A to their diet, urinary
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calculi which had formed as a result of fee ng them a ration
deficient in this vitamin. Cook (1936) refers to cases in which
bilateral renal calculi disappeared after treatment of the patient
with diets high in vitamin A, an acid-ash diet and acidification of
the urine by the administration of 4 gm. of ammonium chloride
daily for one wmonth. The measures were applied singly and in
combination.

De Camp (1936) states that *“an increased alkaline content
ot the urine 1s useful in dissolving uratic caleuli and cystine calculi,
while acidification of the urine is indicated in eliminating calcium
oxalate and calcium and ammonium magnesium carbonate and
phosphate calculi >’. He states that the urine can be rendered
alkaline by the administration of magnesia, potassium citrate,
potassium acetate, or sodium bicarbonate, while the administration
af a 10 per cent. aqueous solution of concentrated nitro-hydrochloric
acig, ammonium chloride, and ammoniuwm nitrate will render it
acid.

Hermann (1938) claims good results in the dissolution of calcium
phosphate and calcium carbonate calculi by rendering the urine
acid by the oral administration of gluconic acid. He administers
80 gm. 1n a 3 per ceut. solution daily. He states that Lohmiiller,
Karschulin and May had similar experiences. Ie explains that
not all phosphatic calculi can be dissolved in this way as their
dissolution depends upon (a) their chemical composition, (b) their
age and (¢) their structure most resistant are those with organic
layers. Carbonate stones and mixtures of phosphates and calcium
carbonate are the most soluble ones. Sometimes calculi take months
to dissolve and acidification of the urine should be continued daily.
Hermann states that in gluconic acid we have a very effective
remedy to dissolve phosphate concrements. Tzsirntsch (1938) failed
to dissolve calculi 1n patients by oral administration of ¢ KExtin ”’
(an acid adipinic acid hexamethylenetetramin combination).

Keyser (1935) warns against the overzealous administration
of urinary acidifying agents as it may lead to acidosis and ne) ritis.
He rightly states that extreme caution should be exercised where
the total amount of salt administered in twenty-four hours exceeds
6 to 8 gm.

According to Friinkel (1937) the use of morphine is contra-indi-
cated In spasm of the ureters as 1t increases the spasm as was

proved experimentally by Boeminghaus. Frankel states that
atropine and 1ts derivates relieve ureter spasm. He mamtains

that eucodal and eupaverin are the best drugs to relieve spasm of
the ureters. He administers per os three tablets on an empty
stomach at the rate of one every five minutes, and twenty minutes
after the last tablet 750 c.c. of weak tea. This treatment could be
repeated in the evening and on the following day. Frinkel
furthermore states that 1t is essential to allay colic due to renal
calculi and to relieve spasm of the ureters. He has been doing
this for vears successtully with intravenous or intramuscular
injections of 0-04 gm. of eucodal + 0-06 gm. of eupaverin. This
dose can be repeated after one hour.
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Vermooten (1938) refers to the removal of kidney and ureter
calculi by means of instruments (** ureter stone extractors ’’). The
disadvantage 1s that these Instruments sometimes break in the
ureters.  Vermooten and other urologists have great success 1n
dilating the ureters by injections of avertin into the ureters by means
ol 1nlying ureteral catheters. They use 15 c.c. of a sterile 2 per
cent. solution of avertin. Also Rumpel (1936) describes the various
methods of removing urinary calculi.

¥. PREVENTION.

According to Blount (1931) the formation of urinary calcull can
be prevented by («) avoiding the drinking of ** hard waters ’” and
() avoiding an excess of foods containing large quantities of
inorganic salts like bran, grains, cereals, cotton seed meal, and
fish meal. All these foods are vich in phosphorus. Peas, beans,
clovers and fish meal contain much lime. Certain grasses are rich in
silica.  Aunimal proteins are rich In su hates and phosphates.
Blount states that acid sodium phosphate anu calcium or ammonium
chloride admnnistered per os render the urine acid, while cereal
grains and bran and the administration of magnesium salis,
potassium citrate, alkali carbonates, tartrates, lucerne or mangolds
tend to render 1t alkaline. Tresh fruit check high acidity.

In cases of cystine calculil (eystinuria) the patient should hbe
placed on a low protein diet and the urine vendered alkaline by
administration of alkaline salts, (Ewell, 1932). Proteins of a high
cystine content should be avoided. Diets containing adequate
amounts of vitamin A should be fed or taken (Higgins, 1935;
Editorial, 1937 a) 1In an editorial (1937 a) in the British Medical
Journal the following recommendations concerning the prevention
of urinary calculi are made: (@) avoid the retention of urine and
infection of the urinary tract as the presence of urinary caleuli
is a not infrequent complication in retention and infection of urine,
and (b) orthopaedic cases need protection from the formation of
urinary calculi. The urine should be kept on the acid side (pH of
5 to H5:2) by an appropriate diet with a high vitamin A content
and if necessary also by the use of acidifying agents like ammonium
chloride. Special attention should hbe paid to the prevention of
urinary calculi in orthopaedic patients which are recumbent and
immobilised.  (Ffor particulars concerning diets see article by
Higgins and Schlumberger in Archives of Surgery, Chicago, Vol.
34, 1937, p. T02).

Hermann (1938) states that in order to prevent the formation
of urinary calculi (a) alkaline water should uot be taken; and
(b) bacterial infections of the urinary tract should be prevented.

Bruck (1937) discusses his own case of urinary calculi. He
suffered from repeated attacks of kidney colic which were followed
by excretious of urate-oxalate urinary stones of different size. He
states that a recumbent position (sleeping) enhances the formation
of kiduey and ureteral stones as a large quantity of urine in the
bladder seriously retards the flow of urine from the kidneys and
ureters. After having suffered very much for fifteen vears as a
result of urinary caleuli he solved his trouble by urinating every
night between 3 and 4 a.m.
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Vi. DISCUSSION.

That the ingestion of excessive quantities of ordinary water can
cause poisoning mainly through dilution of the body fuids, with o
consequent reduction in the salt (mineral) content of these fluids,
has been proved by a number of investigators. Ou the other hand
according to Moutax (1937 the drinking of excessively cold water
may  cause serious, 1f not fatal, localised and general vasomotor
disturbances. Also the drinking of large quaniities of distilled water
may have unpleasant and even serious consequences.

It s evident from the fore-going information supplied with
regard to the various aspects of the effects of saline and hard waters
upon man and animal that the consequences of drinking such waters
over Jong periods may be, and frequently are. very serious.  Not
only do many human beings in the more avid regions of the TUnion
of South Africa and South West Africa suffer damage to their
health and teeth as a result of drinking saline and hard waters bud
many of them have a severe strugele to make stock farming a pavable
proposition, and frequently fail to do so as the losses among their
stock are so heavy us to lTwmpede all progress. Tndeed, cases are
known where stock-owners had to abandon farms a few years after
having occupled them, as they lost practically all the stock they had
brought on to them.

With the mformaiion we have at present at our disposal 1t is
impossible for us to prapose a definite limit of salts (total salt
content and Iimits for mdividual salts)y in drinking water beyond
which harm may result. However, a lavge number of experiments
have been conducted by various investigators and extensive observa-
tions made in the field. Tt 1x obvious that in attempling {6 suegest
a safe himit for salts n drinking water the following points should
be given due consideration: (A) The quantities of water taken daily
with food and drink. This point 1s elaborated upon under ITVA. Tt i
unfortunate that the areas where the underground water supplies
are  highly  mineralised  are  precisely  ihose  where man  and
animal drink the largest quantities of water and where theyv arve
forced through a very low rainfull to be almost entirely dependent
upon bore-hole and well water. 1lowever, matters can be materially
improved hy the storing of rain water in galvanised 1ron {anks and
dams. (B It has been pointed out previously thal on many farms
potehle water was found affer a number of wells or bore-holex had
vielded poisonous (exchusively saline) water.  Such potable waters
were tound botlr at morve shallow and much deeper levels than the
excessively saline water and in some cases the respective bore-holes or
wells were sttuated in guite close preximity. () The degree oi
salinity of the water varies ot difflevent times of the vear and m
different vears especially that of the water in shallow wells and hore-
lioles.  The general complaint among the stock owners is that they
and their stock suffer most during the dry periods of the year (June,
July, August, September) and during droughts as the underground
waters are {hen much more potsonous than during periods when rain
falls.  This is quite concetvable as vain water dilutes the superficial
subterranean waters.  This is a factor which renders it vevy difficult
to draw relinble conclusions from o 1vations in the field as to
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the safe limit of salts in drinking water as the concentration of
salts in the bore-hole and well water could vary considerably. Im
addition the animals drink rain water whenever it 1s available.
Furthermore, the fact that many farmers are reluctant to give correct
information concerning the eftects of the water upon themselves
and their stock as the\ may wish to dispose of their farms at some
future date, renders it very difficult to obtain reliable information
from them. The harmfulness of saline waters depends not only
upon their total salt content but to a very large extent also upon
the nature and quantities of the 1espe<’t1vg salts present. As fav
as direct poisoning is concerned nitrates, sulphides, and finorides
are the most important salts, while the presence of large quantities
of magnesium, sulphates and caleium will be mam]\ responsible
for disturbances 1 mineral metabolism, especially caleium and
phosphorus metabolism (pica). It is true that in addition the
chlorides, sulphatee and nitrates of sodium, potassium, caleium and
magnesium will a tend to cause diarrhoea ‘(hroug_rh their salt action.
Of ﬂze wtmost Impmnm(‘p is a consideration of the synergistic effects
of the different salts in the water. Both pharmacologically and
toxicologically the combined effects of the aborve salts are obvious. In
most cases they will be multiplied and not added. Tn more ways
than one, they will act synergistically especially with regard to
their salt action on the oastromtestlnal tract, the liver and kldnev

It 1s recognised that both man and animal develop to a certain
extent a resistance to the effects of mineralised wa sters, especially
as far as the causi»z of diarrhoea is concerned. However, we should
not lose sight of e fact that after an apparent tolerance had been
developed man ana animal may after months and vears exhibit the
more chronic effects of drinking highly mineralised water, for
example, retarded growth, stunfedne%, decrease in produ('flvrtv and
reproduction, and urinary calculi. Shaw (1929) in referring to his
experiments upon ducks states that ‘‘ the greatest toxicity in these
experiments was found in sodium chloride and sodium snlnhate
mixtures containing in addition either magnesium or bica odmnate
together with nitrate ilons >’. The presence of alkali carbonates
(potassium and sodium) will induce digestive disturbances mainly
as a result of changing the pH of the gastrointestinal juices. Their
presence will also cause the accumulation of urates in the kidneys
which will result in damage to the organs. It is kn . that the
enzymes function normally only at certain degrees of acidity or
alkalinity (pH) : d 1t is obvious that either excessive acidity
or excessive alkaunity will inhibit their actions or render them
abnormal, and consequently disturb digestion. On the other hand
the alkali carbonates will assist hard waters (containing calcium
and magnesium carbonate, bicarbonate and sulphate) in the produe-
tlon of urinary calculi in that they are inclined to render the urine
alkaline and consequently facilitating the precipitation of phosphates,
calcium oxalate, and carbounates. IHard and alkaline waters
undoubtedly play a réle in the causation of urinary calculi (see
discussion on urinary calculi). Dr. Viviers, medical officer of health,
Kenhardt, informed one of us (D. G. S.) that slightly enlarged
thyroids (goitre) { many cases the enlargement can only be ascer-
:cia}ined on palpation) are of quite frequent occurrence in the Kenhardt
istriet.
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Phillips and Iart (1935) fed 20 to 30 mg. of fluorine as sodium
fluoride or rock pk-~sphate per Kg. of body weight and petechiae in
noticed fibrosis, m 1 parenchymatous proliferation and petechiae in
the thyroid glands of some animals. May (1935) reports that he 1s
making use of the 1odine-fluorine antagonism in his sanatorium in
that he applies the fluorine therapy to cases of hyperthyroidism and
Basedow’s disease. e observed this antagonism in hundreds of
cases., He states that todine stimulates the thyroid follicles to
increased colloid secretion and also causes an increase in the size
of the follicles, whilst fluorine in small doses induces a decrease in
the size of the follicles with epithelial hyperplasia and reduced
colloid content. Michaelis (1935) states that there ave a number of
facts which point to a fluorine-iodine antagonisimn i1n the system.
He refers to Goldemberg’s hSpOthPslx w hl(h states that goitre and
¢retinism can be caused by a deficiency of iodine as well as by a
superabundance of Auorine. Phillips, English and Hart (1935)
found that growing chicks have a high tolerance to sodium fluoride
and that the ingestion of fluorine enhances the toxicity of dessicated
thyroid. Seevers and Braun (1935) determined the effect of sodium
fluoride on experimental thyroid poisoning and state ** these findings
do not lend support to the hypothesis of an @ vive thyroxine inacti-
ration and a concurrent inhibition of the ferments concerned 1n
metaholism, provided a constant supply of thyroxine is available by
thyroid feeding 7. According to Biester, Greenwood and Nelson
(1936) small amounts of fluorine fed to dogs have a tendency to
mcrease  colloid  withdrawal from the thyroid glands.  Kraft
(1936) studied the antagonism of fluorine and thyroxin using
the rate of growth of tad-poles as a criterion. Thyroxin,
fluorbenzoic acid, sodium fuoride and 3-fluor-tyrosin were added to
the water in which the tadpoles were immersed. Ile found that all
three these fluorine combinations counteract the effects of thyroxin.
In his tests 3-fluortyrosin proved less toxic than the other two
fluorine ‘combinations. TLitzka (1936) states that fluortyrosin (a
combination of fluorine and an amino-acid) has an increased specific
fluorine action whilst it does not possess the disadvantages of the
inorganic fluorine preparations. He (Litzka, 1936 a) considered that
both fluorine and tyrosin are antagonists to thyroid hormones.
I'luortyrosin, he states, has a pronounced antithyreotoxic action,
that is, 1t is capable of partially or totally paralysing the metabolic
actions of the thyroid hormones (/nkrete) which are circulating in
the blood. According to him fluortyrosin is not capable of inducing
histologic changes in the thyroid which could be held responsible
for the inhibition of its glandular activity. KEvans and Phillips
(1938) found that in cases of hyperthyroidism fluorine occurs in
the thyroid gland in widely varying amounts. They observed
no relationship between the i1odine and the fluorine content of
thyroids in these cases. They state that ‘‘the data obtained gave
no definite evidence that fluorine in any way played a part in human
hyperthyroidism by its action »n the thyroid gland ™.

According to Glatzel (1938 a) calcium is stated to increase the
colloid content of the thyroid, and he asks whether this means a
stimulation of the specific action of the thyroid by calcium, seeing
that in myxoedema there 1s an inclination towards calcium
retention and the thyroid hormone increases calecium excretion and
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also because calcium excretion in Basedow disease is very high.
Furthermore he (Glatzel, 1938 b) states that it 1s known that thyroid-
hormione deficieney leads to accumulation of sodiwm chloride and
water in the body and that administration of this hormone causes
absorption of cedematous fluid and an increase In water and sodium
chloride excretion. In view of the above information concerning the
possible connection between thyroid action on the one haud, and
fluorine, calcium and sodium chloride action on the other hand
would it be unreasonable to suggest that therve is a possibility of the
mineral constituents present in the drinking water of human beings
playing a réle in the causation of goitre in certain areas where the
water 1s eaxcessively nineralised?

Karlshad mineral water enhances the action of liver snlphatase
and increases the blood amylase and serum lipase in rabbits, (Kern
and Stransky, 1937).

According to Stransky (1934) the sedimentation rate of
erythrocytes 1s clearly reduced 1in rabbits drinking Karlsbad
mineral water. Glatzel (1938 b) states that the function of minerals,
ferments, vitamins and hormones are closely associated. Common
salt activates insulin and under verv special circumstances also the
dastase 1n  the liver (Glatzel, 1936). Sodium metabolism 1is
intimately associated with the activity of the cortex of the
suprarenal gland, (Editorial, 1934). A portion of the common salt
taken per os is retained by a diseased liver and renders this organ
prone to the development of oedema (Vegh, 1935}, and Karlshad
mineral water stimulates liver function and enhances glycogen
formation in this organ (Kern and Stransky, 1937). Sodium chloride
plays a role in mineral melabolism, especially ecaleium and
phosphorus metabolism, (Glatzel, 1938 a). In experiments conducted
upon hovines, sheep, pigs and chickens, Heller and Paul (1934)
found *‘ that there is an increase in the inorganic content (Na, K,
Ca, Mg and C1,) of either plasma or cells in animals drinking water
with high salt contents, but marked changes take place only as
death approaches ’. They state that there are very noticeable
increases in the sulphate content of the blood of animals consumang
the more concentrated solutions.

From the information we have at our disposal we cannot but
agree with the older authorities in the United States of America
and England that the extreme safe limit of the total salt content
of drinking water, especially for the human being, is 570 parts
per million parts of water (=0-057 per cent. of salt). The authors
wish to point out that in the case of not too excessively mineralised
~vaters their harmfulness depends not so much on their total salt
content as on the degree to which they contain the more toxic or
harmful elements. [t s therefore obrvious that the harmlessness, or
otherwise, of minerulised waters should be regarded mnot so much
from the point of view of their total salt conteni as from the amounts
of the respective minerals present, especially in cases where
borderline cases are to be considered.

With regard to the prevention of poisoning of man with highly
mineralised waters the following methods could be used: (1) instal-
lation of small filters containing tricalciuin phosphate, magnesium
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pxide, aluminium sulphate, activated alumina, or permutite
(hydrated sodium aluminium silicate) in the homesteads. These
filters will remove fluorine and salts from the water to a certain
extent (see IV H). A large numher of tests are being conducted
by one of us (N.R.) in order to ascertain what type of filter would
be the most suitable for rendering highly mineralised waters potable
and harmless. (2) By storing rain water in tanks and in dams.
And (3) by means of sinking a number of bore-holes, as 1t was
frequently found that the water from different bore-holes on the
same farm varied to a marked extent in their salt content. It is
suggested that State assistance be rendered to tfarmers with regard
to the making of dams and sinking of bore-holes.

The authors are conducting experiments with saline waters upon
sheep at Onderstepoort in order to determine the safe lnuits of
different salts in drinking water.

Uvrinary calculi.—1'rom the extensive literature on the different
aspects of urinary calculi it appears that the following factors play
a role: (1) Locality. (2) The drinking of hard and alkaline waters.
Various stock-owners in hard water areas informed one of us (D.(G.S.)
that their oxen suffered from urinary calculi within a few months
after ** open waters ”’ (rain water collected in dams or rivers) had
given up and they were forced to drink hard water obtained frem
bore-holes or wells. (3) The eating or feeding of oxamide, foods
deficient in vitamin A and other vitamins, large amounts of calcium
carbonate, plants containing oxalates, cereals, ete. (4) Baclerial
infections of the genito-urinary tract, especially of the kidneys and
bladder. () Hot and arid climates. (6) Hyperparathyroidism or
excessive doses or arathyroid extract or viosterol-—large quantities
of calcium excreteu in the urine and serum caleium 1is very high.
(7) Diseases or fractures of the bones (osteogenic caleuli).
(8) Diseases of the nervous system (neurogenic calenli). (9) Stone
families are recognised by some authorities. (1) An abnormal
Ca:P ratio (Ca:P imbalance) in the system definitely plays an
important role in the causation of calcull (see V A).

Urinary caleuli may be composed of one or more of the following
substances : Calcinm phosphate, magnesium phosphate, ammonium
phosphate, calcium carbonate, uric acid, urates, oxalates, lime
[Ca(OH),], cystine, citrates and xanthin (see V B). Full particulars
concerning the symptoms, post mortern appearances, treatment and
prevention of urinary calculi are to be found under V C, D, B and F.

On the grounds of disturbances, especially in the processes ot
mineral metabolis™ caused in the system and the role played by
alkaline, saline an hard waters in the causation of wrinary caleuli,
would i} be unreasonble to snggest that these waters may also plav
a role in the causation of some types of bile stones!

Vil. SUMMARY.

~A. Doisoning due to the drinking of (a) excessive quantities of
ordinary tap water, (b) excessively cold water, (¢) distilled water and
(d) highly mineralised water is discussed in all its aspects.
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B. The role played by saline, hard and alkaline waters in the
causation of urinary caleuli is discussed. The causes and nature
and composition of urinary calculi and also the symptoms, post
niortem appearances, treatment and prevention are described.

C. The ingestion of excessive guantities of ordinary tap water
(*“ mormal or wholesome waler ) or distilled water can cause
poisoning mainly through dilution of the body fluids with a
consequent reduction in the salt (mineral) content of these Huids.

D. The drinking of excessively cold water may cause serious,
1f not fatal, Iocalised and general vasomotor disturbances.

Y. In the more arid regions of South Africa both man and
animal frequently suffer severely as a result of being forced through
circumstances  to  drink highly mineralised waters.  The main
symptoms are bad teeth (caries), mottled teeth, gustrointestinal
disturbances associated with nausea, vomiting and head-aches,
diuresis and uripary caleuli in man; and in animals sudden death,
chronic diarrhoea, lass in appetite and condition, diuresis, urinary
caleuli, stunted growth, anuemia, and decreased productivily and
reproduction. The nature and degree of the above symptoms may
vary to a wmarked extent as they depeund nol ounly upon the total
salt content of the water but also to a large extent upon the nature
and quantities of the respective minerals present.

I". The factors concerned in the determination of the quantities
of water drunk by man and animal ars discussed.

G. The degree of salinity of subtervanean waters, especially
those obtained from shallow wells and boreholes, muay vary
considerably at different times of the year and in different years as
their salt content is influenced (reduced) by rainfall.

H. The effects of the different minerals and their combined
(synergistic) effects upon the system are discussed.

L. From the results of experimentes conducted by various
investigators and the analysis of specimens of water and observations
made by us, the authors cannot but agree with the older authorities
in Kngland and the United States of America that the extreme limit
of the total salt content of drinking water especially for human
beings, should be 570 parts per million parts of water (=0-057 per
cent. salts). The auihors fully realise that this limit depends to
a large extent wpon the nature and quantity of the respective salts
present and that the suilability of cach mineralised water for drinking
purposes should be considered on its own merits (analysis). The
most poisonous ingredients of mineralised waters are nitrates,
sulphides and flunrides, while magnesiunt, caleium and sulphates
are inclined to upset the normal processes of mineral metabolism.
The carbonales and bicarbonates of sodium and potassium render
the gastrointestinal juices abunormally alkaline thus disturbing
digestive processes and also cause the deposition of urates in the
kidneys.
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J. As far as the prevention of poisoning with highly mineralised
drinking water is concerned the following methods are proposed.
With regard to man (a) the water could be filtered through filters
containing Aricalcium phosphate, magnesium oxide, aluminium
sulphate, activated aluwminium, and permutite (hydrated sodium
aluminium silicate). Iowever, it should be realised that the efficacy
of the above chemicals in removing fluorine and salts from water
depends to a large extent upon the type of mineralised water (nature
and quantities of the respective minerals present) the physical and
chemical nature of the chemicals used and the temperature at which
“ de-salting *’ occurs. (b) Rain water should be stored in galvanised
iron tanks and dams. And (¢) attempts should be made by sinking
several bore-holes to find less mineralised waters. On some farms
with wells and bore-holes which contain poisonous saline waters,
fairly wholesome water has been obtained by sinking a further
number of bore-holes. As far as animals are concerned the only
solution of the problem is that of sinking a number of bore-holes
in an attempt to find wholesome water and to build dams. Tt is
suggested that government assistance be rendered to farmers in
the areas concerned, in the sinking of bore-holes and the building
of dams.

It is in the interest of man and animnal living in the more arid
regions to make a detailed survey (analysis) of the types of water
they are drinking, as many of them are in a sad plight.
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