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I. Introduction. 

ll. l'oisouin!t d ue to (lrill king of " X orm:tl 01· " ·holesome 
watei· ' ' : -

A. ExcessiYe quantities. 
B. Exles6iw ly col d water. 

III. Poisoning rlue to driuhng- of distillet1 \Yater. 

IV . Poisoning due to drinking of water containing- t•xce~:>lYL! 
quantities of sa l t: 

A . ( ~ u:lnhties o£ 11·ater taken by lnunan lwings and 
aud a n im:1l~ . 

D. ~a lb; r-onunon ly fo unrl in t'Xce;;sively salinP and 
h ard water :md t heir· <:'free ts on th r sysif'm : 

(a) Bica rholl ate~ and L'::trbonates. 
(b) Caki.nm , 
(c) Chlori(l es, 
(d'l Fluorides, 
(e) ~Iag-nesi u lll, 

(/) Nitrates, 
(g) Potassium, 
(h) Sodium 
(i) SulphatP.~ an d 
(i) 8ulphides. 

C. Safe limi t of degree of sal ini ty of driDking \Ya ter. 

D. Susceptibility of man an d of different r;pel:ies of 
an imals to salin e \\-aters. 
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E. Symptoms of poisoning with excessively saline 
waters in man and animal. 

F. Post mortem appearances. 
G. 'l'reatment. 
H. Prevention of: 

(a) Fluorine poisoning and 
(b) Poisoning with salts other than fluorine. 

V. Hard and alkaline waters as the cause of urinary calculi:-
A. Causes of urinary calculi. 
B. Nature and composition of urinary calculi. 
C. Symptoms caused by urinary calculi. 
D. Post mortem appearances. 
E. 't'reatment. 
F. Prevention. 

VI. Discussion. 

VII. Summary. 
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1. INTRODUCTION. 

In this paper the following points concerning the harmful effects 
of drinking water upon man and animal are discussed: (a) Poisoning 
with excessive quantities of "normal or wholesome water" (Ill A). 
(b) PoisQning due to the drinking of excessively cold water (II B). 
(c) Poisoning rlue to drinking of distilled water (Ill). (d) PQisoni.ng 
due to drinking of excessively mineralised waters (IV). (e) The 
role played by excessively saline waters in 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 cyanide, lead, 
iron (sul phate), mang·anese, sulphuric acid, zinc (sulphate), 
aluminium, arsenic, copper, chlorides, etc. Dr. C.S.M. Hopliirk, 
Officer in Charge, Veterinary Laboratory, Wallaceville, Wellington, 
New Zealand, verbally informed one of us (D.G.S .) that at a 
certain place in New ~ealand water seeping through a mountain 
sitle contains toxic q uantitieo. of arsenic. 'fhe 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. 

Kooymarrs (1938) referring to the removal of manganese from 
drinking water states that wholesome drinking water should not 
contain niore than 0 ·1 mg . of manganese per litre. Water containing 
excessive quantities of mang·anese causes brown stains in elothing 
(text.ile industries), has detrimental effects Qn fermentation 
(hreweries), and causes the deposition of manganese in the piping. 
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In the conrse of investigations conducted by one of us (D.U.S.) 
into problems of suspected poisoning of stock in South West Africa, 
the North-Western Cape Distriets (Kenhanlt, Gorclonia), and the 
North-Western Transvaal it was evident that both man and animal 
suffer as a result of flrinking highly mineralised water. In a 
number of cases the water was ~;o poisonous, due mainly to the 
presence of large quantities of nitrates aml chlorides, that the 
animals died within an hour after having drunk it. Excessively 
saline waters occur chiefly in th e semi-a rid and arid regions of 
f:louth Africa. It should be mentioned that otherwi;;e wholesome 
water containing harmful quantities •)f fluorine i.s of fairly wide 
oceurrence in South Africa (Routhern and Western Transntal, 
Xurth-Westeru Uape, South \Vest Africa). ~umerou:; complaint,.; 
eoncerning the detrimental pftects of drinking ''"ater on man and 
<~uimal have been received from these are<iS . Many sper-imeu.-; of 
suspected " ·aters have been analysed and the results are rt>ferrerl 
to in this a1·iirle. 

)IETHOJJS (IF A!\.H.YSJS. 

The following methods are beil!):?.' used at Onderstepoort m the 
analysis of specimens of water: -

(a) Total Sohds.-'l'he "·ater is entporated to dryness on 
a watt>r hath, heatt>d in au air-m·en at 100° C. for t'Yo 
hours and weighed. 

(b) T eln]JoNI'I'/J Hardness.-'rhe water 1s titrated with 
h_yrlroehloric ar·ifl nsi11g methyl orange as indicator 
acr·ording to Achnt>r's method (Threadwell ano Hall, 
1930). 

(c) Nitrates.-The method used. JS that of Caron nnfl 
llaqut>t (19=16). 

(d) Fl1W1'inr.-The method is a modification of the method of 
Willard and Winter (1933) and that of Armstrong (193G). 

(e) Chlo1·ides.-The chlorides in the ''"ater are precipitated 
with silver nitrate and the exces,; silver nitrate titraterl 
with potassium thiocyanate using ferri alum as inclicator 
(Malan and van der Lingen, 1931). 

(f) S1tlphote.-The method used is that given by Scott (1920). 

(g) Calc£u'm.-'l'he calcium is precipitated with ammonium 
oxalate as calcium oxalate and the latter titrated with 
potassimn permangauate (Godden, 1937). 

(h) Ma·gnesium.-Calcium when present is removed with 
ammonium oxalate and magnesium precipitated as 
magnesium :.unmonium phosphate in which phosphorus 
is determined colorimetrically, (Malan <1n d van der 
Lingen, 1931, and Holzapfel, 1934). 

(i) Potass£·um.-Potassium 1s precipitated as potassium 
sodium cobalti nitrate in which it is determined 
titrimetrically with potasium permanganate (Malan anrl 
van cler J,ingen, 19l:i, and Holzapfel, 1934). 
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(j ) Sodium.-So<lium is 11recipitated a ,; ura nyl-zin !'-SO<l ium 
aceta t e \Yhich is di~solYed in dilute acetic acid ttJicl 

detennine<l colo rimetric·all ,. after th e a<lcli tio n of 
potas,;ium ferro-cyanide, ( L<;uw , 1838) . 

II. POISONIN G DUE TO DRINKING OF" NORM AL OR 
WHO L ESOME WATER"· 

A. PorsoKI::-<G DuE TO DRTK J\IXG Exn:sSIYE Qc-~.~TITIES or \ V .n t·:n. 

JJ:wi,.; (U:l ~-\ ;)), Hel\\'ig, Schultz n tHl Cuny (1!):)6) , :Kun,;tnw nu 
(19:);)), Jto\\'nhee (18:2G) , Steggen1a (1H%) anll W olff. (Hrl:) ) 1efe1· 
to water p ci;;o niug indu<:e<l by the con ~ u mplion of e:xce:s,;iYe 
quanti ties of " ·n t er. Btu dies to this ef!ed h aYo been ma cle on hum an 
beings and animab . :\loss and Brockbank (Ht-•hYig- , 1!):),) ) h<tYe 
ob,;ern\d extreme muscular cramps in 11·orkmen who pe rspired fre c• ly 
awl clnwk Ln·g-e c1uantibe;; of ,,·a ie r. Salt water immeclinteJ)· 
r e lieYed the,;e cramps. l{o;Yntree (192G) quotes a case in whic·h 
a man su fl'eriug from d'ia!Jetes m sipidus drank up to 40 litet·,; cf 
11·a te1· on one clay. 

A numl1er of iuYe,;tigators (P riestley, :\I::C'allum a n rl Bt>t t ~o n , 
Amberg and A.ustin, H eh·ig et aha, 193rl! pmduced 1n1ter iuto:--: iC"n(i on 
in themsehes l1y <lrin king up to ;~ lite rs ot \YHter in ~() m in11 i es . 
Hel,Yig au<l his collaborators (1930) ohsen·erl a ca,;e in 11·hidl cleat h 
apparently resnltec1 from water-in to_· icahon ''he rei11 the _lJa (ie nt 
absorbed nine liter s of tap water by proctoclysis . 

Rabbits, clogs, cats, g uinea pigs an<l rats denlop syuqJtoms 
oJ: water poisoning ''"ithin :l to fJ hours " ·h pu the)· :ne chen e h L• d 11·ith 
50 c.c. of \Yater per kilogram ho <ly11·eight at half-h ourl ~· inte rntb , 
(Hel"·ig and collaborators, 19:-Jo) . 

In 11·a ter poisoning there is iu!'reased excTetion of sed i um 
rhloride and the blood i s diluted. Some authors a ,;so<·ia te \Yater 
poisoning 11·it h loss c£ chlori<les and a lka]o,;i ,; , \Yhibt otlwrs hol rl 
that the salt-water balan ce is <listmbecl resulting Ill cPrehr al 
ot>dema, 11·hil'h is the direct cau se of the s:nnptoms. 

:\lcGange (193G) describes ab ena tions of flay our . <Tfl mps, 
weakness, lassit ucle, and severe canliore;;piratory cli,dre:s.~ on exer tion. 
iu experimental sodium ch loricle deficiency in man. 

Sympto 111 s of watel' fiOisontn.u.-IIea<l-ache, clizzin t>ss, rest le,;;;­
ness, sa livation, chills, fullness of abdom en , Yomiting, dyspnoea, 
fibrillar~· hYitchin gs of the mu~cles, cr amps in thP leg·s ancl d oHic 
convulsions. 

l'ust m01-te m appeamnce~ .-Helw ig a n cl hi s collaborator:> (H)36) 
slate that there are no gross pathologic:.tl lesions in r abbits 11·hich 
l1aYe died from \Yater poisoning. In some u1ses there was cloud)· 
s 11·elling of the lin•rs, t h e cut surface of whieh 11·as shinY and 
moist. The brains were s11·ollen ancl t h e surface vessels blo~Hlless, 
and t h e brain tissue shO\Yed vacuolisa tion . T h e ch loricle conten t 
ol all the organs was reduced except th0.t of t he liYer wh ose chlorid t> 
content had inereased by 10 per cent. In t he brain th e ehloricle 
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content was red need by approxir.uttely 50 per cent. They \Yarn 
against the administration of large quantitieH of water particularly 
in post-operative cases as there is a danger of water poisoning . 

B. PmsoxrNG D-eE TO DniNIGKG Exo:ssrvELY COJ,Jl WATER. 

M:outa:s: (1937) describes the following symptoms in cattle as 
a r esult of ingesting cold water: -(a) temporary atony and 
tympany of the rumen; (b) generalised .-asomotor disturbances : 
dyspnoea, congested mucous membranes, loss of appetite, lo"· skin 
temperature, and haematuria (frequently). These symptoms may 
last for three days after which period the animals may recover: 
\c) Localised vasomotor disturbances : cerebral congestion ,,_.i th 
haemorrhage in one case. In one case ther~ was fatal puluwnary 
haemorrhage. Mouta:s: obsened the following symptoms in a 
hYo-year old heifer immedia tely ofter ingestion of cold " ·ater: total 
loss of muscular coordination, sterterous respirations, loss of 
eonsciousness, and eoma interrupted by cou.-ulsions. The animal 
too k se.-eral mouths to recover completely. 

Ill . POISONING DUE TO DRINKING OF DI STILLED WATER. 

:From the discussion under li A it is olwious that large 
quantities of distilled water will he more likely to induce " water 
poisoning " than tap water owing to the abse1we of salts hom the 
former. 

Straub (1934) n~ports that the phanmtcologi st Starkenstein .i.n 
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 e.c. of urine instead of the usual 200 c.c. were voided. 
Starkenstein experienced no ill-effects. A fter one litre of physiolo­
gical saline (0·9 per cent. NaCl) 'YaH fhunk onl~- 250 c.r . appeared 
in t he 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 precipitaterl , the function to absorb water 
will be retarderl and if this " ·ere to occur over the whole intestine. 
diarrhoea " ·ill follow. Anybody, Straub continues, who quenches 
his thirst by eating snow is aware of this fact. 

IV. POISON I NG DUE TO DRINKING OF WATER CONTAINING 
EXCESSIVE QUANTITIES OF SALT. 

A. Qt;ANTlTlES OF \VATER TAI\EN BY H-cnu.x BEl"'Gs AXD AxDLI.LS . 

'rhi s depends ,_,pon the follo" ing- factors: (a) Humidity allll 
temperatu re of the atmosphere: The lower the degree of humidity 
and (or) th e higher the temperature the greater will he the quantity 
of water ingested. (b) X ature o£ feed or food: the drier the feed or 
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food the greater the consumption of water will be. (c) Exertion: 
The greater the physical exertion (work) t h e more water will be 
consumed a:> a result of excessiYe perspiration. Any condition 
associatt>d with perspiration will have this effect. (d) Degree of 
salinity of the water: Th e higher the degree of ,;alinity of the water 
the more likely it will be to induce diarrhoea and diuresis. This 
in turn is partly responsible for the fad th8t man m animal drinking 
such saline water::; haYe g-reat difficulty in quenehing their thirst. 
The ine>itable result is increased consumption of \Yater. This h as 
been on several occasions the personal expeirienee of one of us 
(D. U. S.) who 1\'aH forcecl to urink sali!J e IHlLel·,; in i.he c·ourse of 
his investigations. In the are8s concerne<l he bas seen eattle drink­
ing natural saline water until the abdomen " ·as ch;teuded. They 
would then walk a IY:I,Y a ~hort distauce from Llw clri11 king trough 
and stand a1Hl look back at the trough a::; if coutemplating another 
drink. Some of the cattle were adu::tlly seen to return to the trough 
and to attempt to dri11k more 11·ater. 'fhese animals purged freely 
and the calve.~ IH'n' stuntNl and pot-bellied. (a) Bingham (H):18) 
in a discussion on the " '(lter requirements of surg-ic<ll patients \\Tites 
" although t>ach case must be st>parately considered, t-he minimal 
fluid intake in the days following operation shonlfl be from 3,000 
to 4,000 c.c. a day (approximately 5-7 pints) if neee;;;;ary by the 
intravenous route". He conti nues" if necessary lo::;s from vomiting-, 
etc. occurs the extra Yolume of fluids so lost must be ndded to the 
amount "·hich the patieni in any case requires ''. 

In his t>xperiments " ·ith '"ate1· coutaining calcium c·hloride or 
calcium sulphate Heller (19:30) found that on some clays cows. 
weighing approximately :ni) to 425 Kg., ronsumed up to thirteen 
gallons ( = approximately J 1 Imperial gallons). \Vith ] ·5 per cent. 
salt (NaCl) water and " pure water " he reconled rlaily quantities 
of up to almost twenty gallons ( = approximatel.Y ] 7 Tmperial gallons) 
drunk by cows. 

Ashe and 'Niosenthal (1907) studied the protein, s:~lt and fluid 
consumption of a thousanfl resid ents of New York 8nd found that the 
majority of them took a mocle1·ate quantity of fluid of one litre or 
more daily. 

Garner and Sanders (1937) found the mean consumption of water 
per Large White suckling sow to be 43 lb. ( = 43

/ 10 gallons) daily. 
The quantity of water consumed by the same animal varied from 
clay to day and wns approximately the same in winter and summer. 

From all the information at our disposal the authors are of 
the opinion that the following quantities of water may be consumed 
daily by man and animal under 'ldverse conditions (dry and hot 
climates, droughts, exercise) : man- one gallon ( 4 · 5 litres) or more; 
~·.attle-10 to 16 gallons; horses-8 to 10 gallons; sheep and goats-
3 to 4 gallons; pig·s-3 to 5 gallons. 

In certain diseases (diabetes) it appears possible for a human 
beino· to drink up to 40 litres ( '= 9 gallons) of water on one day 
(see "'nA). 
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B. SALTS COMMONLY FOUND IN EXCESSIVELY S.u>INE AND " HARD " 

WATERS AND THEIR EFFECTS ON THE SYSTEM. 

The salts most commonly found in highly mineralised South 
African waters are the following: (a) Carbonates and bicarbonates, 
(b) calcium, (c) chlorides, (d) fluorides, (e)' magnesuim, (f) nitrates, 
(g) potassium, (h) sodium, (i) sulphates, and (j) sulphides. 

A " soft or fresh water " is one which contains only a small 
amount of dissolved solids. A " hard water " is characterised by 
the presence of dissolved salts of calcium, magnesuim, iron and 
to a certain extent also by the presence of sodium and potassium 
salts. The presence of calcium sulphate (gypsum) in water causes 
it to be permanently hard and it cannot be softened by boiling. 
A " temporary hard water " is one containing the bicarbonates of 
calcium (CaHC03 ) and magnesium (MgHCO,) and which can be 
rendered fairly " soft " by boiling. A part of the carbon dioxide 
is expelled by boiling and the fairly insoluble CaC03 and MgC03 

are precipitated (encrustation in kettles). It is common knowledge 
that with " hard waters " more soap is necessary than with " soft 
waters " as a certain quantity of soap must dissolve before a lather 
is formed. 'fhe presence of calcium and magnesium determine the 
amount of soap to be used before the water is rendered soft. 

The hardness of water is usually expressed as parts of calcium 
carbonate per 100,000 parts of ·water. I£ a solution contains one 
part of calcium carbonate in 100,000 parts of water, it is said to 
possess one degree of hardness (French). In Germany it is expressed 
in parts of calcium oxide per 100,000, while in England it is 
expressed as grains of calcium carbonate per Imperial gallon and in 
the United States of America as grains of calcium carbonate per 
U.S. gallon, i.e. 1 degree of hardness (French)-

0 ·56 degrees on German scale 
0 · 70 degrees on English scale 
0 · 585 degrees on U.S . scale. 

" Saline and alkaline waters " are those containing alkalis like 
the carbonates, hicarbor,ates and hydroxides of sodium and potassium 
and sulphates and chlorides of potassium, calcium and sodium. The 
term " brak water " or " brackish water " used in South Africa is 
a very wide term and includes all waters rich in minerals such as 
the chlorides, sulphates and carbonates of potassium, magnesmm, 
sodium and calcium. 

Buttner (1937) collected and analysed more than a hundred 
specimens of bore-hole water in South Africa and states that " brak 
water " forms the sole drinking water of the great majority of 
South Africa's farmers and small town inhabitants dependent upon 
bore-hole water. 

The presence of salts in underground water supplies is due to 
the water percolating or flowing through salt deposits containing 
the abovementioned minerals. 
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(a) B1:carbonates and carbonates: 

Kobert (1906) state<> that sodium bicarbonate raises the alkali­
nity of the tissue fluids and enhances the oxidation processes in the 
body. Ingestion of exeessiYe quantities of sodium bicarbonate causes 
dilatation of the stomach, anorexia and anaemia. 

Frohner (1919) reports that a cow which had received 800-900 
gn'l. of sodium bicarbonate a borte<l, gToanecl 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 (Frohner, 1919). 

Heid (1921) descr·ibes sodium carbonate poisoning iu sheep due 
to the drinking of effluents fron1 dairy factories. The symptoms 
were a staggering gait and hurrie<l respirations. 'l'he 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 i nlestines with subserous 
haemorrhages, slight congestion of the liver, in very arute ('USes 
abomasum filled with dark blood-stained fluid contents, intense 
hyperaemia of abomasal mucosa with haemorrhages. 

Heller and Larwoocl (1930) conducted experiments upon rats and 
other small animals with single salts and also with mixtures of 
calcium chloride, calri.nm f'ulphate, sodium bicarbonate, sodium 
carbonate, and magnesium sulphate. Drinking water containing 
20,000 parts of sodium carbonate per million parts (i.e. a 2 per 
rent . aqueous solution) was found to be decidedly deleterious :mel 
reproduction was interfered \Yith at quite low levels. Sodium bif'ar­
bonate pro.-ed to be less injurious. In subsequent experiments upon 
rats Heller (1932 and 1933) established that chinking water contain­
ing 1 per cent. (10,000 p.p.m.'') of sodium carbonate resulted in 
unsatisfactory gro,.;·th of the offspring, while a 1· 9 per cent. solution 
eausecl a tough roat, red eyes, and diarrhoea in the mature rat;; nnd 
a very high mortality in their young. A 1·5 per cent. of sodium 
bicarbonate caused undersized adults and impeded growth in their 
offspring, "·hile there were unsatisfactory growth and appearance 
with 2 per cent. solutions. Experimenting with 0 · 5 and 1· 0 per 
cent. aqueous solutions of caustic socla (N aOH) he found practically 
l'Ormal gr:mth with the former soluti on, the latter causing retarded 
gTowth, " eli rty animals ", marked ner.-ousness, sore eyes and 
cliarrhoea. 

J,inton and ·wilson (1933) refer +o sodium bicarbonate poisoning 
in pigs due to the feeding of " Flour sweepings " containing 03 · 7 
per cent. of this alkali. The symptoms seen were excessive thirst, 
animals appeard to be in pain, stood with the.ir heads lowered and 
oblivious t 'o their surroundiugs, and staggered on their front legs. 
Only one pig died after the sweepings were removed an<l milk 
given. Autopsy revealed inflammation of the stomach. Linton 
furthermore describes alkali poisoning in pigs through accidental 
discharging into the milk given to the pigs of the alkali used for 
cleansing the milk utensils. 

*Parts per million parts of water. 
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vVitter (1936) added sodium bicarbonate to the drinking water 
of chicks and found that: " (1) Sodium bicarbonate given in the 
drinking \Yater in the usual closag·e (} lb . to 5 gallons or 0 · 6 per 
cent. solution) caused c.;hicks to drink more water than normal and 
produce moist droppings. Chicks two weeks old developed pale and 
swollen kidneys from this dosage, but chicks three weeks old and 
older were not notir-eably injured. (:2) A double dose (1·2 p er rent. 
solution) of soda caused chicks to drink more water than those fed 
the 0 · 6 per cent. solution and produce watery droppings. Chicks 
two to eight weeks old "·ere seriously inj urecl by this dosage \Yithiu 
one to three clays and deaths occurred within this time. (8) Two 
and four-tenths per cent. solution of soda r educed \Yater consumption 
belo''" normal for (·hicks under four " ·eeks of age. The injurious 
effects of this dosage 11·ere noted within a clay and deaths occurred 
within three <'lays . (4) ~future cuckerels were injured >Yith a 2·4 
per cent. soluhon of sotl a, hut 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 affeded h;\· feeding soda berame pale, 
swollen and engorged "·ith urates. The kidney tubules showed 
degerative and exudatiYe change;; indicating severe injury . 
(G) Chicks affected by feeding soda showed an increase in ki<1ney 
weight, and increase of approximately four times in uric acid per 
gram of kidney and in uric acid in the blood ". He found the injury 
caused by feeding ;:;odium bicarbonate to chicks similar to the patho­
logy and blood chemistry changes present in visceral gout. Two 
weeks old chirks consumed from 45 to 113 c.c. of " normal \Yater " 
daily. 

CarbonateR, bicarbonates and caustic soda will tend to cause 
alkalinity o£ the gastrointestinal juices (change in pH), consequently 
the continued drinking of alkaline waters will lead to serious digestive 
and other disturbances . Carbonates are more harmful than birtH­
bonates . 

(b) Calc,inm : 

Sha\Y (1929) administered to ducks, \Yeighing from G00-800 gm. 
salts and mixtures of salts either in solution or dry in capsules. 
He found 1·4 gm. of calcium chloride non-toxic and 4·8 gm. lethal 
within thirty-five minutes. Th e symptoms were those of general 
depression rather than paralysis. In experiments upon ;:;mall 
animals Heller and Larwood (1930) found that a combination of 
20,000 p.p.m. of ;:;odium chloride ( = 2 per cent . solution) and 5,000 
p.p.m. of magneR ium or calcium chloride ( = 0 ·5 per cent. solution) 
inhibits growth. 'l'hey state that calcium and magnesium ions are 
more harmful than the sodium ion. Acrording to Heller (1932) 
growth is normal in rats on water containing 2 per cent. (20,000 
p.p .m.) of calcium chloride, hut lactation is inhibited. At higher 
levels the re;:;ults were similar to those obtained "·ith sodium chloride, 
2 ·5 per eeut. solutions of calcium chloride causing deat h (Heller, 
1933). He found furthermore that (J) "·aters sahtrated with calcium 
sulphate (CaS0,.2H20) i. e. a 0·24 per cent. solution ( = 2,400 p.p.m.) 
did not interfere with normal gTO\Yth and reproduction. (2) A 
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saturated aqueous solution of calcium hydr ate [Ca(OH )2 ], i.e . a 
0·18 per cent. solution (1,800 p.p.m.), h ad no apparent ill-effects 
through four generations of rats wit h the exception of a somewh at 
greater mortality of t he young. 

Katz and K atz (1937) found that Ca and K ions h ave a direct 
stimulating action on th e adrenals and increases adrenal secretion 
without acting on the central nervous system. Both ions increase 
blood pressure and they state that " t here is no doubt that both KCl 
and CaCl2 have definite vascular actions of their own " . 

From experiments conducted by Heller and Haddad (1906) with 
drinking water upon rats it appears that ralcium in the form of 
CaCl 2 is most favourably absorbed and that " exces~ive amounts of 
calcium seem to displace magnesium from the body ". They state 
that " t he phophorus in these studies is found in the feces in greater 
amounts than previously reported; especially is this true 'vhen large 
amounts of ca lcium and magnesium salts are present." 

Gardner and Burget (1938) found that calcium ions retard 
the absorption of glucose from the inte,;tine. 

Glatzel (1938, a) states that normal nerve f unction appears to 
be associated with the presence of calcium, and that calcium 
activates lipase and esterase action, the coagulation of blood and 
milk, and bone formation. Calcium sal ts have diuretic effects, bu t 
their mode of action is unknown . Infusions of calcium salts are 
stated to induce hyperglycaemia and this means a stimulation of 
hormone action by calcium. Calcium is further stated to increase 
the colloid content of the thyroid. " Does this mean stomulation 
of t he specific action of the thyroid by calcium ", Glatzel asks, 
seeing that in myxoedema th ere is an inclination towards calcium 
retention and the thyroid hormone acts " calcium removing " 
and also because ralcium excretion in Basedow clisease is very high ". 

(For further information concerning calcium see magnesnnn 
and chloridE's.) 

(c) Chlorides . 

In experiments in "hich chlorides were injected intravenously 
into dogs Joseph and Meltzer (1909) found the degree of toxicity 
of the chlorides of magnesium, calcium, potassium and sodium 
to be in the Orner in which they are giYell here. l<'urthennore 
they found that M g·. iR twice as toxic as Ca, Ca is three t imes a,; 
toxic as K , and Na m any times l ess toxic than llfg, Ca and K. 
They state that " t h e smaller the amount of the ion in the bloorl 
serum t he more toxic it is in the infusion ''. 

In experiments upon clogs Glatzel (1936) proved that th e 
insulin-action in the liYer is dependent upon the presence of chlorine . 
Heller and Haddad (1936) state that approximately 90 per cent. of 
the chlorides ingestecl IYith the water is excreted through the urine, 
an d there is abo an increa~e in faecal chloritles, especially when 
acid-producing- ions accompany th e chlorides , probably due to 
cathartic action of th e increased salt content of the intestinal 
contents. 
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Bultag-u i ( 19!~G ) describes poi::;onin g in pigs, ''"hir h rec-eiYed 
larg-e quantities of brine in their food. F iYe deaths occ-urred after 
a number of the animal::; had ex hibited unOl'exia , inco-o1·dinntion 
of moYement and ;;e ,·ere diarrhoea. 'l'he. post mortem appeanwces 
wer e gastroenteritis, cystitis and nephritis. A CO\Y to whirh 11·as 
admini ·ttrecl 1 Kg. of sodium chloride became seriously ill and 
was killed . Autopsy 1·evealed intense gastroenteritis. According­
to l~ uffn gni the toxi l: dose of common salt for the pig is 1 g·m. per 
Kg . of bod.nveig-b t and he considers t hnt l:attle should not be giYen 
more t han 60 g-m . of salt daily . 

Ulai7.Pl ( 19:\8) fnunr1 thai t he absorption of 1 per cent. ::;olutions 
of glur·ose hom the inie::;tine of dog-s is en ham·ecl hy the aclclition 
ot 0·1 Lo 0· :) per cent. sodium r·hloricle and is retarder] by higher 
quantities of sa lt (K a 0 1) . 

Rambe (19;JR) " arhnn c-e<l lhe t heory that a certain fonn of 
malnutrition (' torkan ') m a)· lw clue to exl:ess of common salt in 
the ration of co 11·s, and tha t 1he toxie cl ose of ~aCl is smaller than 
i,; generally believed ". II e fed H bcn·i ne c-ommon s<~lt in <~mount:-; 
inneasiug from 50 to ~00 gm. daily . 'I' he animal cleYeloper1 c;ig-ns 
of pruritus and abnormal quantitie:; of ::;ult were excret·ed h.Y t he 
skin. There wer e also polyuria and attark;; of renal haemonhage 
lasting fm· G-24 hourc;. During- the experiment " ·hich lasted for 
oYer t 'nh-e months the red bloo<l cell count of t he animal deereased 
from 10 to 5 · 7 million per c.mm. Yelu (1938) conducted experiments 
upon sheep, cattle and guinea pigs in an attempt to tletermine the 
optimal amoun t of salt water compatible " ·ith g-ood health . 
U nfortunately the periorlical in which the orig-inal article a ppea1·ed 
is uot aYailahle in South Africa and no details of the experiments 
are g-iven in the abstract. Velu found '' that cattle r:ould rlrink 
large quatnti1ies of salt \\·ater wit hout inneasing- the water r·ontent 
oF the tissues, which had been sug-gesterl h:v other authors ''. (For 
further information concernin g the effec-ts of chloricle:, see calr·ium, 
m::lg-Jtesium a nd sodium) . 

(d) F'luon·d es . 

As a eontprehensive reYiew of the etfech of different· quantities 
of fluorine upon man and animal ha :s been publishetl r er·en tl.v by 
one of us (Rteyn, 1988), only t he most salient points conc·em ing 
the effects of the presence of apprec-inble ftU::lut.ities of fluorin e 
in drinking water will be cli~;cusser1 h Pre . 

U nderg-round \l·ater flo,Ying through phosphatic and other 
fluorine containing- strata contains appreeiahle quantities of fluori ne. 
Smith, Lant7. and Smith (1931) \Yere among the first to produce 
eYiclence that mottled enam el is caused bY fluorides in water 
supplies, as the~- found that co n<"entration s ·of fluorine e:xceerling-
1 p.p.m. (parts per million) induced mottled enamel in youn g- rat;;. 

Ostrem, Nelson, Greenwood and vVilh elm (193~) found 10 to 
15 p.p.m. of fluorin e iu samplec; of water obtained from areas in 
Iowa '"here moti I ing of teeth occurs. AinS\YOrth (1934) saw 
mottled teeth in a large number of sc-hcol children of the )laldon 
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School, E:sse:x. Their drinking \Yater contains from 4·5 to 5·5 p.p.m. 
of fluorin e. Approximate!~· 90 per cent . of the ehildren who were 
born and gre''" up in the affected area::; sbo11·ecl mottlerl t eeth. Adults 
who settled in tbe affected area after rupture of their permanent teeth 
\Yere not affected. Also De Beer (1934) refers to the determination 
of small quantities of fluorin e in ''"ater and their dini('al significance. 

1n :\forth Africa 4 out of 12 head of rang·e rattle were fo und 
to have mottled teeth owing to the presence of fluorine in their 
drinking ''"ater, (Dean, 1935). Dean rightly remarks that t heir 
miLk may contain harmful quantities of fluorine. Hi ester, 
GreemYoocl all!l Nelson (19:-\(i) foun cl that the feefling to clog-s of 
fluorine leYels comparable "·ith those found in some drinking· waters 
produced histologic changes in the small intestine, spleen, bladder, 
JIIE'~ enterir: lymph nodes and thynlirl ghnrb. The expeTimenhs laste rl 
from 7 to 12 months. 

Dean (193G) states that there are ap1wo:ximately 335 chronic 
endemic dental fluorosis areas in the rnitE>cl States of America and 
175 i11 the Argentine. Such areas are also to he found in England, 
Italy, North Africa, India, China arHl Japan. From the a1·ailahle 
information in regard to ihe mottling of teeth in t:hildren through 
the conti1mal use of drinking ,.-ater containing fluorine Dean 
compiled the following table : 

(1) Wate1· containing 1 p.p.m. of fluorine: approximately 
J 0 per cent. of t he c:hildren will deYelop a mild form of 
mottling of the teeth. 

(2) Water containing 1·7 to 1·8 p.p.m. of fluorine: 40 to !)0 
per cent. of the children will show a mild fonu of 
moWing of the tE>eth. 

(:J) \Vater containing· 2·5 p.p.m. of fluorine : 75 to 80 per 
ce nt. of the children '"ill he affected, with 20 to 25 per 
cent. of the cn,.;e;; sho1Ying- a modetate to :=;eyere t_qJe of 
mottling. 

(4) \'TatE'r containing· 4 p.p.m. of fl uorine: 90 per cent . of 
the children will be affected, with 35 per cent. or more 
of the cases ;;;ho"·iug moderate to seYere mottling. 

(5) Water containing G p.p.m. of fluorine: 100 pe1· cent. of 
the f·hilclren will he affected. 

He state::; that clinical obsen·ations should he made on l'hilclren 
from 9 to 12 years of age in order to obtain reliable figure;; in reg a rrl 
to the inciclE'JlCe of mottled teeth. 

No mottling of teeth is discernible in areas " ·here the drinking 
water contains 0·6 p.p.111 . of fluorine, (Editorial, 1936) . Walker 
and Spencer (1937) analysecl 250 samples of water from different 
parts of the province of Albel"ta, Canada, where mottled enamel of 
the teeth is endemic, and found that a r elation exists between the 
fluorine content of the drinking water and the prevalence of mottled 
enamel. It is of interest to note that Walker aud Spencer sta te 
that after a considerable amount of work they found that they 
had to use the following methods of analysis in order to obtain 
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n·liable figures fm the amounts of fluorine present in " ·ater: (o ) a 
mo<li fi ca lion of San ehi 's m et h od for amounts of fi uorin e between 
0 a tHl ()·/:) p.p.m .; ( /1) Sanchi's reg-ular method fo r lllliOnnt:; of 
fluo1 in e behYeeu 0 · 75 and 3 p.p.m.; ancl (c) a reYision of 
..:-\nnst rOJig 't-; modification of Bonlft and Abbot' s distillation m ethod 
''"hi eh is bu sed on the macro method of Willard anrl \Yinter for 
omounts greater than :2 p.p .m. 

'l\w SjJE'(•lJne ns of ''"" ter :311 bmi tterl rn· Dr. )'L l':sch okl\e, 
(.JoH:mment Veterinary Offi eer , )larienbl , So~1th West- Ahica, were 
fo un rl to contain 0·!)7 and 1 ·3 part,; of fh10rin e per million pnrt-s 
respec l i Yel.v. Su bseq l.H ' ntly ;.;pecimen::; of " ·at er hom other ]l:nl s 
o: t;uulh \Ve::; t ..:-\hiea al ..,o proYed t o contain .:lnng-erous <1muJtities 
of flumine. 

Bro" 11 (190!)) slntes that E:enharcH <listrid is muque for the 
Lnge proportion of rhildrt'n " ·hich <leYelop muHle tl tedh (patchy 
hro"·n ancl in son1P raseR hlack ~bin-; ). Thi ;.; ocr·ur,; md.\· on f:nms 
wlwre the 1n1 ter i" partic·ularly hrrwki .-;h. Arrangme nts h aYe he<•u 
marlP for spec-im e n ~ of ,,·ater to hP analysed as " ·e hcne goorl reaRon 
to ~u spert that the mottled tePth ar P clue to exressiYe amonnts of 
fluorine in the drinking· w<:ter. In a uumber of ca~e~ these suspirions 
haYe ahead~- b een confirmed. 

Shott and hie; co-authors (J 9!fi) clescribe '· mottled teeth " and 
chronic fluorine poisoning in human being,; i11 t h e ~Lulra,; Presiclen<·y 
d11P to the d1·in king· of water containin g fluorine. It i s of interest 
tu not-e that eYen t h e milk teeth showed mot-tlin g. l 1 nfortun ntel;.· 
no 1neution is madP of the quantity of fluorin e present in ihe chi nkiHg 
\\·ater. ."1 note- 1corthy ({nd 1'e-t'y imzJO rtont o!Jsnralion made l1y th ese 
avtlwrs is that sy 111Jitmn .c: of r-luonic jl11orin e pois0111·n.r; set; ·1:n only 
ofte?' IIJifJTO.L'1mrdely tlu.rty to forty ye({rs. Th e s.\·mptoms dPsnihed 
hy them are : - a rec.urrent gPneral tingling sen:saiion iu the l imb,; 
or on'r the 1d10le lJody . Thi:s is foll (med h;.· p:1in anrl st itfne:;s, 
h JWCially in the lumbar regiou of lhe spin e . 'l'herP i ~ ossifi c·~1tion 
of lhe ten<lOJi s and gradual sy nostosi~ of the ent ire Yedt·b1·:1 l column 
until then' is romplete sliffuess of t h e back (" poker hack " ) . 
'l'he~e ,.;ymptolll s are au·ompa11ied l;_y ('<ll'he:s:ia , cJight anaemi:1, 
:llloJ·exia, ;-;igus of ]n·e::;s m·e on the ::;pinnl conl (exosto~es), lo,;s of 
:;phinder control , aml impoieJIC'P, " ·hich i c; <·ommorl. "CH.i.matel :v the 
o.:ffedecl imli \·iduals are eompletel~- hedri <lr1en with ment.Jl p<nnrs 
nnimpaire<l. D ea th is nsua ll~- due to ,;om e intercuneni f1israse. 

(e) Mav nesi11rn. 

Kiirmeman (Frolm er, 1919) foun <l that the <lail~- a<lmiui,tration 
of :20 gn1. of maguesi um chlo rill e to pigs, GO gm. to ,.;heep a rul 
400 gm . to hon;es hnd no detrimental pffects. Oul~- after t he 
a dminist.ratiou of 800 gm. of m agnesium chloride did the horses 
deYelop symptom s of poisoning, (d iarrhot•a and h eart rlisturbauces. ) 

B erka (1929) states that (1) magnesium · ' leads " ('alcium in 
th e liYin g orgaui,;m ; (2) thi;; does n ot only appl:Y t o t h e ub::;orp tiou 
of ca lcium from the foorl, but a lso in its biological use in the hod;.· 
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and its excretion ircm the body; an d (;l) magnesium inhibits 
absorption of calcium from the food ancl increases its excretion from 
thf' holly. According to him each magnesium ion is fell owed or 
accompanied hy ten ions of calr·ium and the relation of magnesium 
combinations to ('a lcium in the body is nf a three-fold nature, nam ely, 
(i ) the nHtgnesillm sulphate group which displaces caleium hom 
th e body ; (ii) the mngnesium chlor ide group \Yhich hinds eal ri um 
for twen ty-four hours; and (iii ) the magnesium hydrate group 
whirh hinds calcium for seven to ten days. 1\iagnesium l'hloride is 
easily absorbed uncl abo magnesium lactate and magnesium hydrate, 
hence the increase it, calcium absorption from the food for some 
t imt>. On the other hand magnesium sulphate is :~bsorhed only to 
a slight degree with the result that calcium i:; ~Xl'l t>lecl " ·ith it. 
Becka m aintains that h e has proved the aboYe contentions ehemically, 
hiol ogically and cliniea lly. 

Shaw (1929) found 1·5 gm. of magnesnun chloride, 
adJuiniHtered either in solution with a pipette or clr:v in eapsules, 
toxie for ducks weighing GOO to 800 gm. , while 4·5 gm. proYe<l fatal. 
They exhibit symptoms of p·eneral paralysis, bein g entirely h elpless. 
Heller (1932 and ] 933) and Heller and Larwoo<l (1930) conducting 
experiments upon small animals anll domesti<-: animals foun<1 that 
(1) drinking water containing 1 per cen t. (i. e . 10,000 p.p.m.) of 
magnesium sulphate causes poor grmYth in young rats and emaciation 
in adults; higher concentrations caused subnormal growth, rough 
co:1t aud diarrhoea. The harmful effects of similar concentrations 
o1 m agnesium rhloride \Yere slightly less marked; and (2) waters 
eontaining sodium chloride Jo not interfere \Yith normal growth 
and maintenan ee o{ laying hens until t he eoneent rution h as rea<:hecl 
1· 5 per cent or more. Calcium chloride is not tolerated bv them 
(hens) as well as sodium chloride, while '' magnesium sulp"hate is 
toleraterl surprisingly well " . These con el-usions dm'lDn by Heller 
from lns e:vzJe1'iments ure ce1·tainly very dangerous in. 1:iew of the fn,rt 
t hat the expe1''irnents 1cere conducted over the ve1·y sho1·t pe1''iod o j ten 
weeks . 

Cunningham (1933) experimenting upon r ats found th at feeds 
low in magneHuil11 r educe the normal quantities of t his element and 
feeds high in magnesium raise the magnesuim leYelfl in the blood. 
The extent to which the magnesium level is raised in the blood 
depends upon the solubility of the magnesium salts. H e states 
that there was a general tendeney to a lower blood calcium when the 
serum magnesium was higher. H e fed the chloride, carbonate, 
sulphate and phosphate of magnesium and the greatest incr ease in 
the m agnesium content of t he hones and blood serum was produced 
by the carbonate. At the higher levels of magnesium ca1·bon at.e and 
magnesium sulphate the ash content of the bones were deereased 
and the moisture content increased. He states that interpretation 
of these results is diffi<-:ult owing to diarrhoea which the rats developed 
on the diets high in magnesium (1 per ('Pnt .) . On a diet eontaining 
0 · 2 per cent . of magnesium the bones were normal. The gTowth­
rates of t he animab \Yere not adversely affected by the prese11re of 
magnesium in the diet.s unless catharsis was present. Cunningham 
states that the m agnesium content of blood sera of rats range from 
2·1 to 3·0 mg. per 100 c.e. of blood. 
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Robinson and Rosenheim (1934) readily obtained deposits of salts 
of barium, strontium and magnesium in hypertrophic cartilage in 
v itto by agency of the bone-phosphatase in the presence of phosphoric 
ester. Zwillinger (1935) found that intravenous in jections of mag ne­
sium sulph ate have an effect on the h eart and could be used in the 
thera py of cer tain forms of paroxysmal tachycardy and also in 
strophantin and digitalis poisoning. Cri ttenden and Roth 
[Crittenden and Roth (1936) and Roth and Crittenden (1936)] 
studied th e effects of saline cathartics on t he gastrointestinal tract 
and found that : (1) " Isotonic sol utions of both magnesium and 
sodium sulphate ancl hypertonie sodium chloride, when in contact 
with the intestinal muco~a of unanesth etized dogs, have a marked 
augm enting effect on intestinal mobility. (2) Isotonic sodium 
sulphate is less stimulative than isotonic magnesium sulphate 
thus showing a specific: eftect of the Mg ion. (3) The Mg 
ion causes a considerable decrease in the tone of the intestinal muscu­
lature, but at t he same time augments the amplitude of contractions. 
(4) All sulphate solutions cause distension of t he intestine. (5) The 
gastric actiYity is as a rule ei ther unaffected or depressed when the 
salines are in con tart ·wit h the intestinal mucosa." (For further 
information conrern tng magnesnun Ree sulphates) . 

(f) Nitrates : 

Potas;;ium nitrate is more poisonous th an sodium nitrate. 
Acc·ording to Frohner (1919) 50 gm. of potassium nitrate ma:y: at 
timeH cau se serious poisoning in horset-. ; t he fatal dose for equmes 
and bovines is 100-2!)0 gm., for pigs and sh eep more than 30 gm. 
and for clogs more than 5 gm. 

Shaw (1929) states that in some waters nitrates are reduced to 
nitri te after two weeks, apparently through the action of calcium , 
magnesium or birarbonate ions. 

Nitrates, especially potassium nitrate, are fairly active poisons. 
Potassium nitrate is used as a diuretic in man and animal. Cushny 
(1918) states that large quantities of nitrates cause nau ea, Yomiting, 
and even diarrhoea and urine may be scanty or even suppressed. 
There are a lso muscular ''"ealmess, apathy, and eYentually collapse 
and death. A number of South African waters were found to contain 
sueh guantitie;; of nitrates that they caused death in stork within 
a few hours after they had partaken of them. 

Cushn.v describes the following P'ost mortem appear ances in 
case · of potassium nitrate poisoning: hyperaemia of the gastro­
intestinal mucosa with h eamorrhages, l esions of acute nephritis and 
haemorrhages in the kidn~ys . H e warns against its use as a diuretic 
" ·h en there is already gastrointestin al irritation. 

A heifer which had recei,·ecl onf' pound of salt-petre insteacl of 
Epsom salt by mistake shmYed trembling, staggering-, and convul­
siom; followed by death within half-an-hour (Clough, 1930). 
K aufmann (Clough , 1930) states that th e ther apeutic dose of 
potassium nitrate for the ox is 10-30 gm. and' for t h e pig 1-4 gm. 
Kla.ren beek, V eenencla.l and Y oet (1931) conducted experiments upon 
fowlr; with sodium and potaE<sium nitrate administer ed per os either 
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in solntiou or in capsule. They found that l-l·G gm. of these two 
poisons per Kg. of bodyweight administered daily over periods vary­
ing from a few day,; to fifteen days cau,;ed death after loss in con(li­
tion, diarrhoea, anorexia, apathy and dry comb. Autop::>y revealed 
caustic ingluviitis, atHl acu te gastroenteritis with haemorrhages in 
antl under the mucosa. They S<l " - no spasms and paralysis as often 
described by other authors. Potassium nitrate was found to be more 
caustic and more toxic than sodium llitrate . Seekles 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 symptoms of poisoning and changes in the 
blood. The symptoms of poisoning- were similar to those seen in 
nitrites. M:ost of the nitrate disappeared from the rumiual fluid 
within three to three and a half hours. Excretion through the 
kidneys commenced soo n and lasted for nwre than bYelve 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, which resulted in 
an increased heart beat. In the first six hours after administration 
of the nitrate the mineral content of the blood t;erum chang-ed in 
that the ca lcium, inorganic phosphorus, and magnesium levels . may 
be reclueed up to 20 per cent, below the nmmal. After this fall the 
calcium and inorganic phosphorus levels rise to normal and the magne­
sium to above normal values. Fincher (1937) reports deaths among 
eo\YS '"hi<"h dranl; "·ater containing G · 2 gm. of sodium nitrate per 
litre ( = G,200 parts of sodium nitrate per million parts of water). 
'l'hey were frenziecl and exhibited excitement, colic, general cyanosis, 
symptoms of paraly:>is , pronounced diuresis, and pulse 150-200. No 
diarrhoea was noticed . Autopsy r·evealed: slight gastroenteritis, 
haemorrhagic inflammation of the brain ventricles, haemorrhages 
in the cOJ'tex of the brain, slight injection of the braiu Yessels, pro­
nounced c:vanosis of the tracheal mu<"osa, and inflammatory swelling 
of the merliastinal lymph glands. (For further information conce!·n­
ing nitrate poisoning see chlorides) . 

(.r;) Potnss1:um: 

Rats fe el potassium (0 · 2 g-m. K per clay) by Bruman ami 
Finkelstein (193G) shO\Yed more or less a clear decrease iu the 
processes of metaboliRm, both the C0 2 production and the 0 2 uptake 
being decreased. The higher the potassium content of the muscles 
the g-reater the retardation of the processes of metabolism. Potassium 
weakens the muscles hence the above effect. Mathison (Camp and 
I-Iiggins, 1936) foull<l that potassium salts effect a rise in blood­
pressure when they are injecterl intravenously or intraarterially. His 
results were confirmed by McGuigan and I-Iiggin.s. Camp and 
Higgins (19;36) injected potassium salts iritravenously into clogs and 
state that " potassium effects all the changes in the systems studied 
that are produced by epinephrine ", aud that " one of the functions 
of the adrenal glands is to maintain a rontant diRtribution of 
potassium ". Dienst (1936) found that: (1) Sodium displaces 
potassium in the system and increases the retention of water in t issues 
and potassimn displaces sodium and enhances loss of water from the 
t issues . The ultimate effert rlepends on the presence of the respective 
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quanL1hes of sodium and potassium. (2 ) In ex cessive doses of 
potassium i ts l e vel in the blood serum is rai:;ecl :m<l it is tlw n excr eted 
in the urine . It h as a diureti c adion. 

From their experimeuts Gardner all(l Burget (193tl) conclude 
that. potassium io11s favour absorption of glucose from th<' in (esti ne . 
Glatzel (1938) states that potassium stands i11 dose relation~;hip to 
mw;cubr adion. I solated striped musc:le is p aralyse<] by pot assi II lll 
sa lt ~; i n spite ot the fact that they do not penetrate into thP fibre:;. 
In the heart lliUScle it cau ses a sm all and slo11· pulsP and d<'neases 
irrita bilit .1· a n cl e nhances diastole. An:onlin g- to G latzel p otassi u m 
is Yer y essent ia l for the inte rcellular ae:t iYities; it abo appears to 
reta rd ach enalin adion . (For furth t> r inf onnat ion cOJII·t> rll ing­
pota~s i um ~E'e sodium ). 

(h) Sorli11 m: 

Sonw a uthors are of !he opi nion that too JIJUCh :;all (NaUl) in 
our di e t lll:J .Y han• 1l et rim e ntal effects on our h ealt h :llld <·onst i t u tion 
:.lli< i i s th l' cause of m an1 clu onic kidnev atl'ectiun:; . \\' e !tuYe at 
prese nt no Pxperimental e.Yideuce to supp~rt t his 1·ie1Y alt!toug·h such 
an hy pot !te,;is seems feasi ble 11·i t h ex cess iYe i ugestiou of saH . \ Ve 
mu,;t :11 lmi t t hn t increasecl ingestion of salt " ·i ll result i11 inneased 
kidne.1· adivity as t h e ki<lney is responsible to a Ye1·.1· larg-t- ext ent 
for rid rlin g t he b ocly fluid,; of ex cessi Ye :unou u ts of salt. \ \' het her 
continuous i ncrE'ast>d action of the kiclney <lue to the dail :Y i ng·estion 
of ~lightl.1· ex L:essiYe quanti t ies of salt " ·ill r es11lt in c.hron iL: affections 
o f this organ in healthy i ncliYidu a is i:; an u nsoh ed prol>lem. Our 
:;L'IJ ::>e of tn ::>te t o a very laTge P:\JL•Ji t protects u,; aga inst laking 
e:-;re:;siw quan tities o f :;a lt and it i s n ot Yery like!)· that i.nclivi­
Llu:ds IYtll continue taking- lwr m fu l an10unts of snlt in the ir foo d 
OY <>r long per iocls. lTo1vever , som e illdividuals may l>er-om t> <1c<·u"­
tonted io an excessive salty t a ste and n1 ay i ng·est harmful quanhtie:; 
of salt. It is kno \\·n t hat :;om e indi,·idual~ u se morl' salt in tlwir food 
I h :1 11 t he a ,·erage person. 

lL i. o; an l'n t irely clifte.~:ent. m:d te r 11·h ere t he clrii1kin g- of eX<-L's­
siYely sa lin e 1\·a ten; over l ong periotL is concPrn PLl. 

Stokl·is ( A.btll•rhalcle n. 1923) found S-10 p:m. of conunoJJ ~alt 
admi ni sh• n·d JI PI' os in 2CJ IJPr ce 11L soluti on to bt> f:ilal for r:tbhits 
1n•igh in g 1 hg . 

A1·<·ordiug to Frii bne r (lHHJ) t il t> follcming quantiti es of conJJ II011 
salt a r e fatal: 1· 0-3 K g. for IJo,·in e:;, 1-1 ·6 K g . for h orses, 125-2!)() 
gill. for sh et>p an il pig~ , ancl 00-GO g m. for cl og-s. 

~coH (1924) gave a hea,; t salt " ·at er con htini ng· ] ·7](i per r<' nL 
(i.e. 17,1(;0 p.p.111. ) of ,;odium ddoride to chink. ])ianhoPa set i11 
w it hin four dn.vs and tht>re >YPre loss of appdite. coughing, di s­
ch arge from tl1 e nose :lll <l eye,;, dull :1 11d sunkeu eyP~, g- rinding of 
th e teet h, dr.1· and h ot muzzle, tempt·ra!ure 105 ·2° F ., pul::;E' 80 to 
90 p er minutP, and su:;pen sion of ruminahou . On th e nin th clay of 
the exper imPnt there was prof use, foetid an rl slight haemorrhagic 
diarrhoea . All t h ese symptom s disappenred after 1liscontinuatioJt 
of the PX p t>1·im enL In f t>ecling t>xperim rnts condude d upon pi.g·R 

ll ] 83 



W ATElt l'OISONING IN MAN AND ANIMAL. 

Rasenac.;k (1926) found th<tt these animals apparently suffered no 
ill-effects hom receiYing fish me<-tl containing 10 per c.;ent. of common 
salt. Unfortunately the experiment lasted only a fe"· 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 poisoning in sheep which 
Llrank 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 conge;;tion of the parenc.;hymatous organs 
and pronounced hyperaemia of all the subcutaneous tissues. 

Sha"· (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-toxic, 
while 6 gm. or more is lethal. 'l'he symptoms exhibited by the 
ducks were nausea, general depression, and torticollis. In their 
ex_periments with common salt upo~n baby chicks Quigley and vVaite 
(1932) found that mortality was not excessive until the level of salt 
in the total ration was greater than 5 per cent. by weight: " ThP 
minimum lethal single dose of <hy salt, with ehicks in a " fed " 
l'Ondi tion, was 4 gm. per Kg·. of body weight or 0 · 4 per cent. of 
body weight ". 'rhe normal salt content of matlhes is 0 · 5 to 1· () 
per cent. 

In his experiments upon rats and domestic animals Heller (193:\) 
found that (1) " ·ith a 1 per cent. aqueous 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 ce11t 
there were subnormal growth and death. (2) waters containing 
sodium chloride do not interfere "·ith normal growth and maintenance 
of laying hens until the concentration has reached 1·5 per cent. 
(15,000 p.p.m.) or more. '1\Yo per cent. sodium chloride wa;; 
dearly too salitJe, because the hens' feathers became rough, the.v 
lost \l·eigh t, and some died and egg-production was reduced. 
(3) Sheep receiving \Yater containing 2 · 5 per cent 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 1· 5 per cent of common 
salt (15,000 p.p.m.) died within thirty days and the larger ones 
'' '"ere somewhat stiff "·hen walking ". " 'l'he food consumption 
'.n<s greatly decreased and the general appearanc·e uf the anilll<ll~ 
was not good. They were removed from the salt ·water and given 
pure water and were practically normal in 10 days." (5) Cattle 
can consume 1 ·5 to 1·75 per cent. (i.e. 15,000 to 17,500 p.p.m.) 
tlolntionR of common salt over periods of a few months without 
serious results." " For cows in heavy produdion, .1· 5 per cent. 
seems to be slightly more than . can be consumed with normal 
maintenance." (G) The appearance of rats I'e<'eiving "-ater 
containing 1·5 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 ", (Editorial , 1934). Glatzel 
(1935) states that common salt stimulates diastase action on polysac­
cha:rides and inc1uces the sei:retion of a very active "fennentative 
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saliY~. The ~ d1nini ;.;h~ tio n of <"Ollllnon ;;alt to pip;s may ca use sligh t 
fe ver anrl l es ion s in t h e ce ntral m •non :> s.1·st t>m (Michn eYit<- h , 19%) . 
According- io Vegh (1935) a cli;;ea~ecl lin' r rf't<l in ,; a porti on of t hr 
comm on salt tak en Jll'l' ns a n fl r t>lld t- r s this organ p ron E' to the d eYelop­
m ent of oed ema . Schmi1l (19:15) cl esc·rihes c-omm m1 sa lt p oi sonin g in 
sih·rr foxe,; <lnt> to tlw eatin g- of salted ruminal wa ll s of hoYine~ 
T hey shm1·ed nnnih ng , fo:1mi n g· :Jt t lw mouth a n1l di e<l with sp<!Rlll s 

with in one to h1·o ch ys. .~n tops)· r PYea le <l hyperaemi:1 of t ht• 
g:J .-;hointrst in~l llllli 'O~a . or·cl ellla of t h e lungs, a ntl haem onhag!:'S in 
t h e urin:li'Y hlad<l e r. S1 ·hm id c-a l c-ula t ed that e<leh fox hacl in gestr tl 
:Jt· l r a st ,-JO g-Ill . of s:1lt. .\ c<-ordin g- to Frohn n (Schmid , 1\J:F,) t iH• 
t oxi c tlo,.;t• of 1·ommon s:dt for carn iYo ra is 0·7 g-nt. JH'l' Kg-. of h o lly 
11·r ig h t . T och t- r (19:l:')) acldPd :ia lt to t he feetl of p oultry for a period 
(Jf s ix to Ht'l'e n 1lays an(l c·oncludt•il that " poul t ry 1'<111 tolt' n11P R:dl 
to t h 0 rxtr n t of '2 · r, p e 1· l'ent., hut hig her propm·t ion s affec-t thPi ,. 
ht-•al th , w hil r proport.io n:i amou n t in g- to 7· 5 per c·e nt. o1· oYel· ( ' 31 1 ~P 
clPath ". 'l'hr <lrfl11·ing- of t h i,; ('On cl us ion is r at ht·r tlllll'<ll'l'<llli t·d 
:1s thr exp Prinl Pnt "'<IS of l'l'I':'\' s ho rt dura tion. (J-lab:el (JU:Hi) 
sLd e~ t hat sodiu111 ehloride thro ug h iLs ddorin e l'!m!ent, 
' ·' :lll impo rht11t- fndor in r arboh:n lra tP Jlldnho]i s lll. I I 1s 
t'ssPnt ia l !hat· 1hP :inlt fir~t reach th ee st om;~ c-h before thP fernw n­
tat iw (rli.nstatic) adion of t he saliYa i:; enh:llll· C:·tl by it. H igh 
('o ncentr:dio!J s of .-;odium c hloride ret;~ n] th (• hreahng up of 
carboh yrhate,; . BaU;~ glin o (193G) stat es that h1·o p o unds ( = ± ] Kg.) 
ol :ialt l'<l\he1l t'XCPsSii·P t hi1·st, ,] ullne~:i , clianlwe <~ a nd 11·e;~kness 
i n tlw hiudq uart er s of n cow . It i s known t hat musclP cells ;~hsorb 
prart icall.Y no sodium, con seq uently it IYill rdnr(l ahsorption of 
f1u i d inio t h e muscles (Fa1· kn ~ , 1!J::Hi) . H e . .; rates !hat oetl t·ln<~ to u .-< 
fluicl i s not in the musd e,.; but in th f• int erst-itia l tis,;u rs. 

l .' r ey aml U la tr.Pl (19:lG) inject eel 0 · H :llld 1· () p r r cent. solutio n,; 
ur sodium ('hlorirl e into t he hlood stream of <log:; ;~n d foun d that : 
( 1) (:hlor in e act ivates !he a d ion of in sulin. (:2) All in su lin ac-ti on 
i . .; <1s . .;oci::d ed '"ith the prPsen('e uf a ce l'i a in q uan tity of chl orin(' . 
(:1) 'l'h r in s ulin senrtion of th e pnnnt•ns i:; only sli g·htl ,,· innr:tsl'<l 
h:,· l h e dirrl'! :1ct ion of sodium ('hlori dP . (-1-) 'Cn dt-> r t·Prtain <·onllit ion s 
Sotliullt ('h]oriclt•, h<' l' (lllSe of ltS 1·hlo rill t', s ti mulat es th e <tdion ol' 
di: u.;Ltse in th e liYl'r . (:) ) Sod ium l'hloritl e :1bo indirPl'i ly l' ll hant·P.-; 
tlw sl·t·Jetion of insuli11 in tlw pan CI'P<h . La sr·h n n cl H oll Pr (J!);l(i ) 
con ll udt>d expe rinwnts upon rats, rahhi t,;, rl og-s and human l>Ping·,; 
11· ith in org-ani1 · allll organil' ( t· hlor in e- frre) ,;odium sall s <l nd f ou nd 
Lh:1t- lh eRP s:di..; in rluced in m ost ca ;;p,; an a <TUlnulation of call'illnl 
in th e s kin a nd intt-•rnal org-<UH . ln no casP l'Oulcl they fintl an 
ac·,·nmub tiOJl of sodium in tht- org-ans or in t h e hlnod. In ma n 
th t-rf' 1\'i-\:i nn int'l'P<t se i n ! he alkali l'Piif' l'l·e an d a n inereasp in t h e 
ex n Ption of uri" nri1l and in t he min Pr a l ions a dministered . T h ere 
11·uc; also an in c rPase iu the l'holestt>rin L·ontent of the blood. ~fc>s~i ni 
and ~l' ab hrino (190fi) stat<' ' · t he action of o11 e lihP of plain 11·aiP I' 
n.-; a !'On( rol a nd of Yarious nJin eral wa tei's o n t h e tlilut ion and 
,-hlm·ides of the:· hloo1l an rl on rlinres i,; \l'<lS st u<lied in on e h u n rh<'(l 
and l11·en ty e:xperiill Pnt s on thir t.1· ,mbjec-ts. \Vat-Pr protluced in 
half-an-hom· a ~light di lut ion, £ollmYe<1 hy a lllOl'l! p rolongt-•cl 
co n ce ntrati on. H y p otonic sodium chlo ride water of lo 11· l'OJH:enhat iun 
prodn cerl a sl ig-h t dilut io n of the h l oocl, ~lig-ht i nc rPrtRe in lcll)9ri(1e::; 
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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 clown with legs stretched out stiffly. They recoveretl 
after injections of calcium gluconate (W au tie, 1936). Brine 
contains sodium chloride, potassium nitrate, propylamine and 
trimethylamine. W au tie (1936) administered to each of two pigs 
m their food 50 gm. of sodium chloride daily for five days, 75 gm. 
daily for five days, and 100 gm, daily for twelve days. The only 
symptom noticed was increased thirst. The pigs then received 
200 gm. of salt daily for eight days and 250 gm. daily for three clays. 
At the end of this period they showed acute thirst, diuresis anrl 
diarrhoea. 

Bourclillon (1938) administered ammonium chloride, potassium 
chloride and sodium chloride orally to a human subject and founcl 
that after the administration of potassium chloride there \YaS a 
reduction in serum bicarbonate. However, after the ingestion of 
sodium chloride the serum bicarbonate was not appreciably affected. 
Greemvood, Hewit and Nelson (1938) found that the degree of 
toxicity of the chlorides of potassium, ammonium and sodium is 
in the order KCl, NH4 Cl anfl N aCl. 

Oehme (Glatzel, 1938 a) found that sodium chloride added to 
J•lilk food caused a retention of calcium and phosphorus anfl the 
processes of metabolism are pushed to the acid side, while with 
pot a to food excretion of calcium and phosphorus was increased ancl 
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 (1908 b) states that sodium is altogether 
inclispensihle for the irritability of muscles and nerves. Different 
sodium salts stimulate peristalsis of the excised intestine and also 
lhe secretion of fl.uicl. Calcium chloride counteracts these 
stimulating effects of r;odium chloride and sodium sulphate . 
Glatzel (1938 h) furthermore states that: (1) It is not known why 
a few grams of sodium 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 g-astric hydrochloric acid produces the necessary pH for pepsin 
action on proteins. (5) It is known that thyroid hormone defkiency 
leads to accumulation of sodium chloride and water in the body 

_::mel that administration of this hormone causes absorption of 
Of·dematous fluid and increase in water and sodium chloride 
excretion. Glatzel asks whether the reverse action can take place, 
namely, whether sodium chloride administration stimulate thyroid 
activity. (For further information concerning sodium salt~ s<>e 
magnesium anJl~ c-hlel'id~s..) 
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(i) Sulphate. 

Sulphide-, sulphite- and sulphate-combination s administered 
per os cau se transient hyperglycaemi.a in rabbits. 'l'h is effect was 
most pronounced with sulphuretted hy<lrogen, less with ,.;ulphitt, 
and least with sulphate (Kojima, 193!1). 

From experiments conducted upon rabbi ts Stransky (Hl ~)4) 
concludes that sulphates have a de-ionising effect on the calcium 
present in blood serum. Drenching with Karlsbacl miner al m1ter 
causes changes in the mineral composi tion (" :l,usammensehu ng ") 
of the bloorl serum. However, the calcium content o£ the blood 
remains fairly constant . According to Heller and Haddad (193G) 
the sulphate ion appears to enhance magnesium and inhibit calcium 
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 in formation concerning 
the actions of sulpha tes see calcium, magnesium an rl sorlium .) 

(j) S1;,lph>irl'e.1. 

Alkali sulphides (sodium, potassium and calcium sulphides) an· 
decomposed by the carbon dioxide in the air and sulphnrettPtl 
hydrogen is liberated (Lewin, 1928) . It is for this reason that 
underground >vaters containing alkali su lphides become potablP 
when left in an open vessel or when boiled for a while (tea and coffee) . 
Lewin states that a lkali sulphides cause irritation of th e 
g·astrointestinal tract (vomiting and diarrhoea) and kidn eys an rl 
have a paralytic effect on the nerves and museles. Eventually 
coma sets in. When taken in large quantities sulphirles cause 
sulpl1aemoglobinaemia and dizziness. All;-ali-sulphides are broken up 
hy the ar:i rl gastric juice. H the water iR alkaline the ~>nlphicl es ,,·ill 
be decomposed at a very slo\\· rate and will be more irri tant anrl 
lesR poisonous than h ydrogen sulphide. According to L e"·in 
4 g-m. of potassium Rulphide is £atal for rlogs. (For f urth er 
information conrernin g· sulphides see Rulpha tes.) 

The f nllolt"l:nq are 1'Ptnarl.-s c·mtCeJ'n1:n ,q t h e genrral rfferts nf 
wline w aler s nn an-imals . In hi~ Pxperiments upon <lurks Shaw 
(1929 a) " found the greatest toxicity in sodium chloride and ,.;o<lium 
sulpha te mixtures containin g in addition either magn esium or 
bicarhm1ate togeth er with nitrate ions". H e1ler and Larwoorl 
(19:30) stat e that "it is i nteresting to note that as t he saH 
concentration increased the amount of water consumed hy the animal 
daily also increa,.;ecl up to the point where the animal preferred to 
die of thirst rathPr than drink the necessary amount", and further 
that ' ' animals whieh h ave received the saHy water for some time 
seem better able to stand such water than do animals " ·h ir-h arP 
sndde11ly nhangerl from distilled water to salty wate1 ". Heller 
and Paul (19:34), condur:tE'd experim ents upon rats, (;hickens, pig~, 
sheep an d bovines with drinking water containing any one of t he 
following salts : calcium r-hloride; sodium chlorirle, cal cium sulph ate, 
potassium chloridE' , r-ftleiumhydr ate, sodium phosphate and 
rnagnesium sulphate . ThE>y fonnrl tha t there is an iner ease in the 
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inorganic (Na, E: , Ca, Mg, and Cl, ) conten t of either bloocl pl asm a 
or cells in animfl ls drinking \\"<Iter with a. high salt con tent. 
Howe,·er , marked changes took place only as death approached . 
Th ey state t hat there a re very noticeable in creases in the sulphate 
t.:o ntent of the bloocl of animals consumin g the lll ore couceut r;Jtecl 
solutions. Th e increa se in t he salt conten t of th e bloocl is alway~> 
found in animals partaking of saline waters . " The change, while­
small , is signifiean t ancl increases with the quantity of salt 
c·onsnm ed " . I n ra hbi b drinking K arlshad mineral water Stransk~· 
(1934) founrl t hflt tryzJan uwe remain s longer in their blood serum 
than in normal rabbits . However, there was no difference in this 
respect ill th e caRe of socbtm jluOTescin find t J'Y]Jan red. The rate 
of prec-ipitation of erythrocytes in the Renun of rabbits which dn ml; 
KarlRha d wflte1· was clearly reduc-ed. In the ronrse of experimell h-; 
C'Oncludecl upon rats H eller and Hnclc1ad (1936) established t.hflt 
"fln increase of the mineral content nf t he drinking " ·ater to th e 
maximum amount which will not c-anse serious injury to t he anirnal 
lll"OQUCE'S <In abnormal miner al con tent of the m·in f' ancl f(Wf'R ;m el 
Ht thf' ~nnw tim e alters the normal p aths of excr etion ". 

K ern and 8hnnsky (19;{7) state that: (1) Drinking of E:adsha1l 
min Pral " ·ater for four ''"'"ek;; inc:reasps ihe ad icm of liver snlphatfiRt' 
in r ahbits . (2) Drinking- of this water for a few wee ks stimulate;; 
g lycogen formation in th e livers of rabbits, guinea pigH and rats. 
(3) Dren rhing- rabbits \Yi th t his \Ya ter causes a modPratP increaRe 
in bloocl amyla:-:e alld serum lipase. 'l'he g-lycolytir blood enzym '.'. 
nncl t he hloocl glurose eon ten t are 110t effecterl by thi;; miuPral watel". 
(4) MinPrnl water ;:;timula t es liver funetion . Acrorrling to Grafe 
(1937) the effed of the drinking of min eral " ·ater 011 t he " ·ater 
haln nee of t.he hod \· is not unrlerstoocl . '!'here iR no deC'idecl effect 
0 11 the ;;alt bala nc.e, hut th e total production of energy and th e 
s ug-ar halanc·e r·a n he inflnenrecl by clifter en t min eral \Y ater;,. l'1·oteii1 
metabolism i::; rllJP<Hen tly not affected. Accordino· to Glatzel 
(1908 a) min eral substanc- ... s may stimulate or retarrl proce:>ses ot 
metabolism in the cells, also enzyme action mfly be flf'fected in th e 
Flame WH).. H e states tha1 hioc;hemi.stry rec-ogniseH g<>neral min eral 
acL ion (o,;lllotil" ;lction ), c·o llPctive or group srwc·ifk ac·tion ancl 
indiYidual ac-iions . As a r ul e a. miner al substauC'e ads .in all three 
\Yays at tlw same time. '!'her e appea rs to he no <loubt, ac- l"ording­
(,o <:Ha tJ~el ( 1 9;~!-; b) i"hnt thP functt:ons of mi11 n ols, enzy m es, 
t'1. t;amines onrl hormones o.re r·1(Jis ely ossof'iated . 

l<"riP1l (Hrlf\) admi ni::;terecl K arls bad min<>ral wa !er i"o ra hhih: 
f}I'"J· rectulll and JIM' os. He founrl that: (1) 'l'lu·ee hourR after 
infus ion into the 1·ectum of 50 c. e . of the water ther e \Yas a fa irlY 
prollon nre1l di1uesis, " ·hieh \Ya,; not noti l"ed \Yhen i t was arlministere~l 
ondl~' · (2) Equimole<:ula r solutions of sodium chlcn·irle and sodium 
sulplude in t he same amounts g-iven }JC1' os produced no cliu rPsis . 
(;l) On e hun(hecl c·.r. of Kndshad wa ter given per rectum caused 
pronouneed cliuresis, whieh was also seen wl1 en w lut ions of the 
;1l10Yf' salts wen• giveu. (4) lledal in iu,.,ions of Karlsbad \nder had 
a pronoun ced cholagogue effect, whic.;h commencecl ;;lo,Yl;;· ancl l astecl 
for mu11v hours . LiYer fun ction wa;:; enhuneed ns the excretion of 
tn:Z1:1;eNh'-n is increased. Oestreicher (1908) achninistered K arlshac1 
min eral water orally to rahbitR and fmm cl tha t it enhances liver 
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fu nc tiuu . A rse 11 ic i ,; cleto:s ica te<l by m or e rn pid d eposi i iou i u t h e 
li ,-er <mel qui nin <' b.v an increa~e in t he rate of destru ction in the 
liYer. ])etux icahon thro u (i·h combi nation of t lll' ]!Olson 11·ith 
sulphu ric a c id , :ts in p h en ol po1sons ur ~~ itlt g /u cuum lr· acid, 
a,; in Culllpho t llo i,;oning, i s not enha n ced b _y J\ a rlsba d wa ter 
a :; these processes are aln·ady maximal. lLt hhi ts <he n d w d ,,-i t it 
Karbba rl \ni ter tolera ted Jlh eno l :lll<l lf lt ininc heiie1· than lh osc 
dren ch ed 11·ith bp wa ter. 

E.lul (UJJ2) s in t<~~ t h:d. : ( l ) ln onler to prenmt th<' mq>le<l sant 
s:tlty Lt s te:> ;mel lhe (listurhane<' of a 11pe tii e, d rin king· 11·ate r sh ould 
not vuntaiu m orf' th:w O·OHiS p er cent. (JliB p .p. m. ) of nwgn e,.;i ut tt 
('hlOl'i<le, () · () ;] 1wr <·<·ni. (500 p .p.m. ) uf ca lci u m l'hloride, a n<l O· U4 
p er CPut. of so<liulll vhlori<l e (400 P·ll.ll t. ) . (2 ) ViT:d er IYiih JI IOTf' 
tlwn 0·0:14 pt>l' <·enl. (:l40 p.p.nt. ) of ,;o<liunt bi(' ctrbonni<· , or 1d 10.-i<' 
s:tH conten t is <lbOYe O·l1Jel' <·<'nt. (1000 Jl. p .m . , or 11·hi('h <·mtLtiJts 
0 000()1 per cen t (1 p .p.nL ) of :·mlphur a,.; snlp l11trdi<~ <1 lt .Y<lmg t-' lt o r 
snlphiJe,.; i s <·ou s id t• recl to he a mine nd wa tt•r. (:) ) Drink i ng- 11·a te r 
u s nally contains hom (). 0:2 to 0. 05 p er l'en l. c~oo to r)()(J ]! . p . Ill .) 
ui salts . A lTOnling to lh e British Ph;umace u ti(' :d Co<lex (l':d it()Jial , 
HJ:l4) h o m !"1 t o 12 gm. of so<limn cltloritl e is i:t kell ll:til~· h~· m:t tt 
in hi s food a IHl a col'respo tHling amu un t is ex cJ·Pte<l in t h e m·i n e . 

In hi,.; excellent nr h cle on " .-\..u fgn h en <lll d Hecl e ut uug df:' t' 
:Jiiu e ralst offe" Gla h el [Hl38 n] sla t es th at the optimum m iuera l 
n -•ttuiren lf' llb de pe11<l upon t hP intliYirlual, SPX, agt>, profes.-; ion o t· 
irade, sutToU n(litJgs (climai·e) a nd t h e miHera l <·ontPnt of th e foo d 
bkell. Ul.ali:el antl Glat~:el-Sehlll i (lt (Glatzel , 1938 a) fouml t h e 
follo'' ing to h e i he minPral 1·ecrui r em enb p er llay f m ;m :tdult pPr soJt 
11·<'ig-hing appro-xim:ti ely 70 Kg . :- N n: 4 t o G gm., K: 2 t o 4 g-n t. , 
C'a : 0· 0 io 7 gm. , Mg- :0· 5 gm. , Cl2 :6 lo 9 g nL, a111l P :O·lJ to '2·'2 g m . 

In n ~t ud.\· on tlw cons utn p tio n of sa lt h.\· n tnge (':1 1 ile 1\ l ll ea (1 ~):l 5) 
found tha t OY i:' l' a perio<l of .a ;yea r ('<tl'h h e:t :-;t c:on;;u m ed cl:t ily :1 ppmx i­
matel y :)2 g n1. of the following 111 ixtu re : J:tCJ - 01 ·17 p<·r c·eni., 
C'a8U, - 1· 5!'J p Pr c<-·n t. , )Ig~0 , - :)·9 per reni., 1'-huce. FP and A l 
ox ides - O·OO:l per ce nt., insoluhle r esi<lue - O·G1 pt> r <;Pnt. A ci'OI'Il in g· 
to Hcnt fl llll h is collaltor·a io rs dairY cow s s!touh1 rece iY e :d· lPa si 
'2S · 8!1 gnt. of sa 11 per hPcHl <l:t il_v .a s ' nops mHl f<-•ed :tre ver y lo\\· i 11 

<·hlor in e . Alde:t sta tes llwt bi s :Ag·un'" ngTel' ,,-il h i lwsl' lJI '<'snilwd 
by ::M:oni :-;on , H eunl'<l lll ino nn <l S;tle" , C'ltapl inP, aJHl 'l'nlhol in cli tfr r l'll l 
p:t rt~ of i li P \Hn·l<l. .. 

The f ollo,,·illg i,.; th e conclu~ion clnt\Yll b:;· Heller (19Tl) hoJn hi~ 
experime nts 11·ith salinE' " ·a ter s on r a t s, chirkens, pigs, sheep an d 
ea t tle : "Sheep \Yen • more r esistan t than ca ttle <lll<l cattle m or e Ro 
t han hogs . Th e f act that t h e sh t>ep "·er e raised in a hard \\:ttf'T' 

counl ry mig·h t h ave b een a fa c tor. Sheep h a Ye been abln to e:s.i,.;t on 
2 · 5 pPr re n t. soluti on of sodium ch l ori(l e a n d 2 per cent. ma gnesium 
s ulphnte . Cattle not in milk production h ave m ainta ine d themselve~ 
on 2 ]Jer l' en t.. sodium l'hloricl e ::;olution. A s .n safe ntle, h o,Yen•r , it 
l' a n lw snid that 1 ·0 11er cen t . t ota l salts shoul<1 1w con sirl Pre rl the 
upper limit uncl<'r whieh nwintPnan('e ('flll l1e expPderl. F Ol' lnr·t:l ting 
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animals the limit is lower. " \Ve eaunot agree vvith Heller't:~ eou­
dusions as aeeordiug to our investigations eondueted into water 
poi::;oning in stoek OYer l arge areas in t he North-\ Vesteru Cape 
Province and South West Africa concentr ations of salt mueh lower 
than 1 per eent . (10,000 P·lJ.lll. ) are harmful to stock if they partake 
of it daily oYer loug periods. Fads in support of this statement will 
be eYi(l ent from th e eontents of this article. It is unfortunate th at 
Heller' s experiments " ·er e eonclucted over such short periods (a few 
weeks to a few months) and it is mainly for this reason that the 
1·esults of his experiments by no means warrant hi:; conclusion quoted 
above. The effects upon man and animal of drinking· saline " ·aters 
oYer long periods is a Yery invoh·ed problem an<l definite eonclusious 
can only be drawn after extensive exper iments }~ave been conducted 
over periods of year s with waters containing- not only different con­
eentrations of total salts but in \Yhich the r elative proportion:; of th e 
(li:fferent sal ts have also been varied. It is obvious that it will only 
be after a large number of experiments h ave been conduded and after 
t~xtensiYe obsetTntions in the :field have been made that reliable results 
will be obta ined. 'rhe effects of saline waters on man .and anima l 
depends upon: (a) The concentration of salts in the water; (b) t h e 
nature and r elative proportions of the salts present; (c) the species 
of animal, and (d) the quantity of water drunk daily . This depends 
on Yarious factors as explained under IV A . 

Hardman a n cl )Iiller (19:34) class ify water for domestic use as 
follo\\·s : -

(J) Very .l.)ood: 0 to 100 p.p.m . ( = 0·01 per <:eu t. ) total solids, 
free from organic matter, clear, odourless, h.tstel est-:. 
Lightly min eralised. 

(:!) GoucL 100 to 500 IJ .p.lll. ( = 0 ·01 to O·O:"l per l'enL. ) Lotal 
solids. 1\Iodera tely miJJ era li,ed . 

(:3) fi'ai'l': 500 to 1,000 p.p.m. ( = 0 ·05 to 0 ·1 per eeu t .) toLal 
solids. Sodium or calcium bicarbonate \\·aters pa>isiug 
~odium sulphate waters . H ighly min erali sed . 

(4) F o01' : 1,000 to 5,000 p.p .m . ( = 0·1 to 0· 5 per cent.) total 
solids. H ejecting sodium sulphate and calcium waters. 
Very highly mineralised. 

(!) )Unfit: Over 5,000 p .p.m. ( = 0· 5 per cent .) Excessively 
miner alised . 

Aeeording to t he older authorities in England and the U nited 
States of America tlw extreme permissible limit of the mineral 
eontent of <lrinking water should be 570 p.p.m. ( = 0·057 per cent.) 
total solids. 

It appears that also in son1e parts of Australia salin e water~ 
coustitute a serious problem to stoek farmers. Allen (1936) quotes a 
case where well water conta in eel .approximately 1· 5 per cent. 
(15,000 p.p.m.) total solids (CaC03 , CaSO . ., M:gSO., M:gCl, and 
N aCl) and which killer[ horses, cattle and sh eep if they Clrank it 
OYPr a period. 
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Speci?llens of Tl .ater Anal:yserl at Onder;,;tepooTt. 

Spc>l im en s A t o J:l (T<I hl e I ) we re 1 oll ectt>cl by on e of us (D .G.S. ) 
in t h e course of an inn·s tiga t ioJJ in to t h e lll~oblcm of poisonous bore­
hol e and w ell water in the Uor dou ia a n d K cnh<tnlt di stricts (X or th­
\ Yestem C<l]Je FroYin ce) . In ar1di t ion to t h ese ~pecimens a Lnge 
number of susJwdeil p oiso11 ou s wate rs ,,·h ich \Yere sublll ittcd by 
fann ers a wl stor-k im; pccim·:; in th e N or ilt-1\' ec>ten1 Cape haYe lwe11 
a na l .1 sed ::1 1111 Yal ual d e i 11 f ormation obta in ed in r eganl to the ir efte ds 
UlJ Ol l stock . \ \Ti t h the e:--; cept io11 of S]JCcim en 0 all \\·ere ta l;e11 hom 
Ull lh ·rg rou 111l 11·a1 er s uppli 1·s (ho re-h ol ec; <l ll cl \Tells) . 

!<'ro m 'l':1hl(' I it Js e 1·iden l tiled Il L ~OlliE' of the ,,-a ter 
~ u pplies all th t> ions, exce]Jt p otas;;ium, ocn.u in 1ery Lirge quantitieti . 
Sodium, pota .-;s i1.1m, ca lcium :m 1l m agn esi um are usu a lly p resen1 as 
c ldoriil r•s, ,;ulphntes, carbona tes an rl (or ) bi carholla t e,; . -:\i1ra1es ure 
p1 ob;1hh· ]I resent as so11imn a llll p ot a;;sium u i1.r.ate, anil finorine at> 
c<tlc·imu :HHl (or) so <liU Jll tl nol·iclt· ::uul (or ) in I'OIIl h i u ation \Yith o1l1er 
h1 ~es . Tt i~ lJ m,-p,-,, r im pt>..;s ibl e to ~b t e 1lefin ill'ly in ,,·hat rombina­
tiolls t h1· :1 hoq• ion ."' a r e 11res(•nt. The salt roncenh·;1t-ion~ are Yl'n· 
hi g h 111 so JJJ e dpeclli!Pl! S . . Sea-\rater contains approxi.m:1t el .1· :j ·(j peer 
C" (' nt. of sa lts .anfl h as C <t\l ~l'cl b bl p oiw ni11g i.n C<! ttle (F r<ilmn, 1D l!J). 

Th e O \\.Jll'l'S of t l1 e sioc·k on the fa r ms hom w h iel1 i he ahoY\' 
s pec im PII S of ,,·at.1•r 11·e re I'Oll,·ctP i] s uppli r'cl on e uf us (J ). U .S . ) ,,· i th 
thP fol lo,,·i 11g infol'ltl :dion : -

:';J!er·im e n A Hoth h u ntau hc 1n g~ a 111l a ni m als d rin k this ,,·:ile1· 
11·ith n o app :ll'ent il i-Pftecl:; . J l umaJI !wings n oi· : lC I' ll ~touwd to t il(• 
dri n kin g of s:lli lH·' \\ ;tte rs ,]eYel OJl d ianhoca frolll this ,,-,der. 1\Th,•n ­
e,·er aYailab],. l lOth h u n1:111 beings a ud a n im al s d rink OJlell (rai n ) 
w a t e r . 

,'.per·im e ns B und C : B oth the b ore-hole (B ) a n cl the \Yell 
\lah•r (C) a r e e nti rely u n su i table for ma n ns it c·a u ~~·~ ~eriuu-; 
gas1 roi n lesti nal (lislnrhaJll ·es (naw.;ea, YomitiJig'. hcacbr·h es, sen•rP 
dia nhol'a) . All im:1ls dr ink t his wat.er \rh e11 t h er1· is n o " open 
" ·ater" ( r:1i11 \r a teJ') b u t seem to ch ink ll !OI'e of it tha n of \\·holesome 
,,·nter ancl (l eYel oJl 1lianhuea. B oth sh eep :111(1 l'at1le l'he\\· llmws i o a 
r em a rka hle extent anrl losse,; from l a lll KiP Ide (hotu l i Sill ) in botl1 sheep 
a ncl c-ai lle are ai t ime,; Ye 1·v ,;e\·Pr e . A r·P rbin anwm lt of h on1• meal 
i s fed . Th e bor e-hol r-• ,,.n"ter l':mses e:--;1ell~iYr' ru~ti n g- of ilH' iron 
Jllplll g . 

Spn·i111en ]) : T hi ,; , ,·atPr i~ llll su ibhl (' as ,Jri11ki ng ,,-a jr'l' for 
hun1an l 1 e i n g~ a s i t l'::t11 ~es 1 he c;a 111 e ~y n t ptoms a s th osp rlesl'ri lwd UJHle r 
s pecime ns B ancl n. 'l'hi,.; b one-hole wa;; Sllll k ahmli ~ix Jl10ll th,; iH'fOl'l ' 

i lte spel·i Jill-' ll ,,.:ts roll1•cterl <l JHl .-dH'I'P an rl c:1ttle haYe ]J,.e,· dl'inkinQ· 
t his ,,·nter since lh;d t im P. :\..1 t h e ti 111 e t h e sp ec illll'll of \n11Pt' ,-,.:is 
Lli;e 11 ;Jl] thl· a n im: tls \\' <.·1 ·p s nffer imr from seYer e dianh o1·a <lllll it 
r r·n:: tin .-; t() be SCl' ll ,,-h :t t t he cft'('cb o.f rlr inking· th is ,,·ai ,or OY(' f' l r>n~· 
]Jeriods will b e . 'rh e 1mn m of th e a n im als ~taterl thai· the a Jtilll <"lh: 
h aYe t o (h ink m on• of th i~ Ynd Pr t h a n nf less sali ne wat er s in O]'(ler 
t o () Hen ch i h t>ir thirst. 
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S1Jeeimen E: A ccording to ' (h e O\l·m·r of the farm tlw bon es 
(spinal YeJ·tcbrn.e) of ,.;h ec'p slaughter ed for dome~l ic use c·ould h e Ye ry 
e<t s ily cu L 11·ii. h a knifP befor e he t.:om m rnced fe PdiJig' bonemc·a l. 
Built cattle U11d shc~ep ehew bon e:; c·xtensiYely und " l.am ,; ieldc) , . 
(Luluhsm ) is 1·i fP nt tim es. Uufortunatel _,. 11o reliable informal ion 
as to t he l'ill' t.:h of I he 1rate r on th e sloe!; awl ln1:nan I>Pi.JJg·,.: c·o1tlcl 
be· ob tained l'rulll t h e mi.IJ <·r ;1s ht· is t ryi ng to sell t he• Linn . 

Specimen [!': On thi s fa n11 fivu well,.; nnd i m> hun•-holPs h al'\' lwcn 
s unk anLl .in <'< lc-h c;:<se lll l' watt· r· wn ~ und rinl;;1hle (hiti.l'r, ~;ill\· <ll.ld 
b unu; lh e rnouth and i.hm:d). 'l' h i~ R]><•c·imc•rJ of lnilc•r wa ;; tnk l' n hom 
bo re-Jwle 11·a ter 11·hidt ihP sloc:k ha n:' to drin k 11· hen lht're i . .; 1w .. O j H' ll 

\\'<lll'r " . ' l' he_,. ho11·eyer ;;u l'fer hon1 diarrhot>a aud oili er ill-efi'Pds 
u nd bo t h sheep awl c-attl e ::; ul'fer fmm n n ·r_,. ~e,erP form of p ic·;J in 
:'pite of ha,·i.JJg- consta nt acce,;s t.o ho JJ PIII l'<ll lick;;. 'l'hf' o11 IIPl' i,; a 
;H·ogressiYP far.111 er. 'l'hP h11111 31r lwing-,.: on th i,; t:u·m nh,·a\·, chink 
r niu water c;ollt·ded in lauks . 

Sz1eci1nen 6': 'J'hi,; SJH'Ci.llrcm \\H ::l takeu hum ~~ ;; h~Jllo\\· ''ell in lhe 
hc·<l of the }1aloppo RiYcr , Ourclonia cli::;tr id . <JIId it \Y:1 S sb tud tha t 
... tock h aY<' h e<' n (hinkiug t hi .., \Y:.Ii er for alnJO,-;t (11-e lil_, . . \·ears "·iil llJu t 
<Ill). apparent iLl-efl'c•cb. ThP 11·al er in t he ln•ll \I'<Jii only [lq>h c· to 
t•ig-hteen in c· h(' ,; belo11· the• surfac-.P of the river IJPcl :11Hl it i:; ohYiou ::; 
i. ha t it-· ::;~til cunle1il 11·ill ntry C'OII S.irl C' r ;thly at clift'c•rc' nt timE',; of (lie 
y ear depending upon l hc· rai11fall . .Arter rain,.; l ht-' ~ tock chink opc•n 
water . 

,<.:,1Jec /111en II : 'l' his 11·ate r < :au><e~> lli oltlecl and b:1d lel'lh (carit'!i) in 
< ltildrcn and ga,;i. roiulP:s tina L di sturhflll t'P!i 111 Jll~lll awl <tlli lll al 
<' Jtau ::;ua, lliarrhoea , hove n) . Yonng- si.oe k do not )!TO\\' out l'l1 nornwl 
~ ~~e . 

,"',pec i111 e11 I: 'l'lti ,; \\·ate r h <t s h een <huuk fur yP:n·:-; 11·it h no 
cldrimcntnl efteds. 

,"',p ecillle/1. .J: 'J' IJis \\·a te r kill;; [Jlan (s ltll(l a nimal:; diP h o111 \\·ii hiu 
half-:tn-h our <lfl er havin g clnlllk iL They deYdop ;;ew• re ]wYeu ancl 
\ umiting- and dianhoea if t hr .)' stHYin· for a nu mlwr of hour,;. 

StJeCiiiiC/1 l1': 'fhi,; \\·a (.e.r is chnnk b.\· lll <lll <111 (1 anim:tl i f no 
'· opl'll \Y:ti l' r " is aYaihble . lt <t ppe:Jr,; to bP 11·hule:sorn e ex f' epting 
I l1a i il C<ill ,;e,; ,.;p,·prc· mol !ling· nl th p (Pl'l h in <·hi lclr<'ll. 

·'-'!Jer·illll"ll I ,: \ \7 h Prl r;Ji n 11·:d er is n •d a ,·,JiLthle hoth man <tnd 
:t n in l<d in K c• rJkndt tcm n have• to clr·in k w~tlc• r frOJJI th i ,; ,;p r ing. 
·l lr . Yi,·ier,.; , di s! rid stug·eon , infornwd me t ha t in 70 to i-10 pe1· c-e nt. of 
i l1 e c·hilclrl'u drinking t h i,.; 11·nter LherP i,; sp,·er e nwllling- of i.h E' lc•c·ih , 
1\ h ich <ll'E' nlso notoricnJ :-;1_,. had (<:aries) . 

Sy;ecl111en .1/: .\ econling to infonnatiun ,;upp l il'rl it a p ]H'ars !.haL 
i hi,; 11·ater is rlnull; in lhe ahsenl'e of rain walc•r, h_,. hotl1 ma11 <lnd 
\111 inral \\·it h 11 n apparen t ill-eff.ect.R :IJ>art t rom ,;p ,·e re mottli ng of ihe 
t. c•etl1 of ehilclr·pn who grow up nn i he +ann . lf too li!Hl'h of t h e 
w;Jte r i,.; drun l; ga~trointe,.;tin:d cli c;tm ·h:ll1 Cl'S sd in, 
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D. G. STE YN AND N. REINACH. 

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

Sr1ec'iTnen 0 : This specimen was taken from the U pington town 
supply, which is 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 
'fable 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. 'l'his should not be taken as prJof that the high fluorine 
eontent of some of the water supplies does not affect the teeth of 
animals, as it is a very general practice in the area concerned tc 
move stock about, especially Jn account of droughts. 'fhe result is 
that the same anima:l.~ very rarely or never drink from the same 
water supplies for long periods. 

In discussing the results of the analyses given in 'fable I, the 
contents of Tables II and III are of great value. 

The approximate equivalents of sodium sulphate (N a2 S04 ·10H20 ), 
magnesium sulphate (MgS04 ·7H 2 0) and calcium sulphate (CaS04 ) 

to sulphate (S04 ) can be calculated by multiply ing the figures in the 
sulphate column (Table I) by 3-L 2!, and 1t respectively. Other 
equivalents can be calculated on a similar basis by utilising the 
information supplied in Table III. 

A full-grown beast which drinks daily 45 litres ( = 10 gallons) 
of water which has a total salt eontent of 0·5 per cent. (5,000 p.p.m. ) 
will consume 225 gm. ( = 7t oz.) of salts daily. This quantity of 
salt is, according to figures of salt requirements for cattle given 
by authorities in different parts of the world (Aldea, 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 
consumption of 45 litres of water by a beast which had to walk a 
long distance to the water, as is usually the case, is moderate. In 
addition it should be considered that stock are inclined to drink 
larger quantities of saline waters than they do of water, which 
contains much smaller quantities of salt. It is very diffieult with 
the limited information 'vhich 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 
Ouderstepoort in onler to determine the safe limits of the degree of 
salinity of drinking \Yater for stock. It is realised that these experi­
ments will have to he continued for periods extending over a number 
of years before reliable and definite conclusions can be drawn. 

lt 1s also realised that it 1s essential to consider any results 
which are obtained from experiments with water rendered saline 
artificially, in conjunction " ·ith observations made under n atural 
conditions in the field . 
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D. G. STEYN AND K. REINACH. 

From the iufonuation at our disposal it is definite that the most 
harmful and poisonous ions are nitrates, sulphates, sulphides, fluo­
rine, and magnesium. lt is especially the relative degrees to which 
they are present which will determine i.he effects of saline waters 
upon stock. A very common constituent of highly mineralised 
waters is sodium chloride, which is certainly also clertimental to 
health when it is present in appreciable quantities. 

In discussing the saJe limit of salts in drinking "·ater "·e must 
pay due attention to the possibility of the harmful effects upon man 
and animal being only noticeable after the water had been drunk 
for very long periods. These harmful effects may sho>~· themselves 
in retarded growth, decrease in productivity, mottled and bad teeth, 
head-aches, chronic forms of indigestion and urinary calculi. Hard 
and alkaline waters undJubtedl;r play a role in the formation of these 
calculi. 

vVe cannot but agree with the older authorities in :England 
and the United 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 is concemed. vVhen the suitability, 
or otherwise, of water for drinking purposes is considererl spec-ial 
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 c-ontaining, 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 quantities. 
Fluorine is a clailgerous poison and water containing more than 
0·0001 per cent. (1 p.p.m.) of it should not he used as drinking 
water, especially for man. Even water rontaining 1 p.p.m. of fluo­
rine is likely to cause slight mottling of the teeth in 10 per rent. 
of the children drinking it. Stock appear to he more resistant to 
fluorine poisoning than man, especially as far as the mottling· o£ 
teeth is c-oncerned. 

One of us (D. G. S..) is acquainted with several cases where 
human beings have lived for years in a town where the underground 
water supply contains approximately 0 · 08 per cent, of total solids 
(800 p.p.m.) anrl who still sniTer severely when they drink a fe,v 
gla;;seR of this water on a hot day. This water when taken by 
individuals who are not accustomed to the drinking of saline waters 
suffer severely (slig,ht nausea, feeling of discomfort over the epi­
gastrium, and rlinrrhoea) in many cases. However, most of these 
individuals become accustomed to this water and the above effects 
disappear in the course of time esperially if they limit the quantities 
of water the~r drink. 

D. SrscEPTTBILTTY OF MA~ .-\KD oF DIFFERENT SPECIES 01' A -niALS 

TO SALINE vV ATERS. 

Heller (1930) rightl~r states that: (1) Pigs are more susceptible 
to salt water than other domestic animals; and (2) covvs in heavy 
production are more susceptible than steers and cows not in proclur­
tion. 
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It is a well known fact that pigs and poultry are fairly SllS(:ept­
ible to ,;alt poisouing, especially to sodium chloride .Horses are more 
susceptible than cattle and sheep, and man more so than animals. 

There seem,; b be uo doubt that both man aud animal develop 
a certain degree of tolerance to 11·aters "·hich co11tain excessive, but 
Gomparatively lo\1·, quantities of salt. However, like iu all poisons 
there is a limit to this tolerance \Yhich 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 mineraliseJ drinking water 
will have upon man and animal oYer 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. 'fhe disadvantage 
of saline waters is that both man and animal lhink larger quantities 
of it than of wholesome waters, probD bly because the former waters 
are indined to cause diuresis and diarrhoea. The nature of the 
food consumed should also be considered in a discussion on the 
susceptibility to saline waters. H is obvious that the salt content, 
especially common salt, of the food should be as low as possible in 
cases where water containing large quantities of salt (common salt) 
is rlrunk . Diets containing oxalic aci'd or oxalates (rhubarb, spinach) 
will be likely to cause the formation of calcium and magnesium 
oxalate calculi (urinary) if the drinking water contains exressive 
quantities of calcium and magnesium. The owner of a £ann in a 
semi-arid region of Son th West Africa where the water is very 
hard (caleium) and a large proportion of the gTazing consists of 
species of i1Iesemb1'yanthemum, and Psilocavlon, both of which contain 
oxal1:c acid, informed one of us that in no rase ronld they eat t.he 
kidneys of slaughtered sheep as these organs were " one mass of 
grit". The " grit" is probably calcium anrl magllesium oxalattr 
crystals. 

The quantity of saline water drunk by man and animal i,; 
obviously also a deciding factor as far as suseeptihility is concerned. 
The fartors "·hirh determine the quantities of water taken h:v man 
and animal are mentioned unrler IY A. 

E. SY~IJ'Tmls Ol' PoiSONING wnn ExcESSIVELY SALINE WATEI<S IK 

)fAN A~"D A~ll\1AL. 

The follmYing symptoms may be encountered clepencling upon 
the nature and co11centration of the salts present in the "·ater. 

(a) ill an: Nausea, Yomiting, chronic indigestion, lofis of appetite. 
head-aches, diuresis, diarrhoea, feeling of discomfort oYer the epi­
gastrium, mottled teeth (fluorine), bacl teeth (raries), and urinary 
en lculi (see V). 

In connection with raries in teeth it should be mentioned that 
Mills (1935) fitates that putrefartive activity in the colon (colitis) 
leads to the absorption of haunful bacterial prorlurts into the blood 
stream. These harmful products are exrreted in the saliva lowering 
the vitality of the gingival tissues and may also he the cause of 
bad teeth (caries). 
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(b) Animals : 'l'he firs t symptom usually seen in ammals is 
diarrhoea, although (leath may oceur "·ithin a few hours after water 
containing large quantities of nitrates or sodium <:hloride h ave been 
drunk. Yomiting and hoYeu, even in ruminants, may at times be 
present, also clonic muscular spasms. Urinary caleuli may develop 
in t h e course of time and may cause rupture of the baldder (see V). 
lu the more protracted cases of poisonin g t he following symptoms 
appear : -chroni(; <liarrhoea, partial loss of appet ite, 1·etarded and 
stunted growth, anaemia, general ''"ea kness, reduction in producti­
vity (milk, wool , eggs) and fertility, and increased :msceptibility to 
worms and to the e:ffeets of clroug·hts . It is obvious that, owing 
mai ul y to the ehronic diarrhoea eaused b;r the salt action on the 
gastrointestiual mucosa, digestion of the food ingested is defective 
and this may r esult in many eomplications. One of the complications 
may be a disturbance of the mineral metabolism which may already 
have been rendered abnormal through the presence of large quanti­
ties of calcium, magnesium and snlphates in the water. 

Both in South \Vest Africa and in t he North-\~restern Cape 
Pr,wince one of us (D. G. S.) Yisited several farms " ·here both 
c-attle and sheep showed a severe form of pica (allotriophagia) in 
spite of the fact that they had constant aecess to bonemeal licks. 
The only difference behYeen the conditions on these farms and the 
surrounding farms on which the animals did not show allotriophagia., 
\Yas that t he drinking " -ater (bore-hole \Yater) on t he former farms 
contained very large amounts of salts, and calcium , magnesium and 
sulphates were present in excessive quantities. 

'l'his disturbance of the mineral m etabolism in animals drinking 
excessively mi11eralised \Yaters, especially t hose containing excessive 
quantities of calcium, magnesium and sulphates, can be explained 
on the follmYing grounds : -(a) Becka (1929) found that magnesium 
inhibits absorption of calcium from the fvod and increases its exf:re­
tion from th e body. (h) According to Cunningham (1933) there is 
a general tendency to a lo,Yer blood raleium ''"hen th e serum magne­
sium is hig h er. (c) H eller aud Paul (1934) found th at there is an 
increase in the mineral content (Na, K, Ca, :M:g. and Cl 2 ) of t he 
blood in animals drinking saline waters. 'l'he mineral content of 
the blood in creases " ·ith the quantity of salt consumed . (cl) Stransky 
(1934) states t hat sulphates have a de-ionising effect on the calcium 
present in blood serum. (e) Heller and Haddad (193G) found that 
in rats <lrin king water containing calcium and magnesium in exces­
sive quantities there are larg-e am01mts of phosphorus in the faeces 
and also that " the presence of. an ion with which the sulphates form 
im;oluble compounds increases the faecal phosphorus outpu t ". 
(f) :M:eulendracht (1938) describes " a case of extrem e decalcifica­
tion of the bones manifested clinically by pe1·sisteut and progressive 
pain in the back and loin, by spontaneous fracture and collapse vf Uie 
spine, so that t he patien t became 10 to 12 em. shorter, and by numb 
sensations in the lower extremities, necessitating the use of bandages 
and leather eoTset~, and rndiologicall.v by an extreme calcium defi­
ciency of the bones, especiall~· of the spine, t he Yertebrae showing 
the typical hour-glass-shape (" fi sh vertebrae "), some of them 
having coalesced in an in·egular manner ". :M:eulendracht excluded 
the possibility of a faulty diet. He came to the conclusion that this 

201 



WATER POISONING Il'\ MAN AND Al'\IMAL. 

serious disturbance of mineral metabolism was caused by the pro­
longed use of Carlsbad salts (one teaspoonful every morning for 
thirty-five years). The chief constituents of these salts are sodium 
sulphate and sodium bicarbonate. Acc.)rding to him the calcium m 
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 APPEARAKCES. 

These are apparent from the description of the symptoms g-1veJJ 
above: In peracute cases no specific lesions may he descernihle, while 
in the more protracted cases there may be acute or ehronic gastro­
intestinal catanh, cachexia, anaemia, and possibly urinary calculi. 

G. 'l'ltEATMENT. 

It is obvious that treatment will be of no avail unle:;s the drinking 
of the saline water is discontinued. In the majority of cases treat­
ment is not necessary as recovery will take place very soon after 
clisconti.nuation of drinking of salt water. Olive oil and raw linseed 
oil should be given to allay gastrointestinal irritation and black 
coffee and tea as diuretics. J£ available, the patients should he 
allowed to drink rain water. 

H. PREVENTIOJ'\. 

(a) Pluon:ne Poisoning: 

Alum, magnesium oxide, lime and earbou could be employed in 
the removal of fluorine from drinking "·atel'. However, the effiraey 
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 (Editorial, 1936 
c). Adler and Klein (Editorial, 1937) found that 10 lh. of trical­
cium phosphate " will remove sufficient F from 560 gallons of water 
to render the small impurity harmless ". 

Evolve (1937) ascertained that tricalcimu phosphate, magnesium 
oxide and magnesium are VE'ry effective in removing fluorine from 
water and that they do so to a similar degree. From an economi<' 
point of view magnesium oxide is to be preferred. ]hom his 
experiments it appears that 1 lh. of calcined magnesite '"ould suffil:e 
t0 treat approximately 88 gallons of water containing 5 p.p.m. of 
fluorine. The fluorine binding po.,ver of the magnesium oxide will 
to a large extent d.epend on the nature and amount of mineral salts 
present in the water to be detoxicated. 

According to Kempf, Greenwood and Nelson (1937) the addition 
of aluminimu sulphate to " ·ater reduced the F content of water 
from 8 parts per million to 1·5 p.p.m. 
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Adle r , Klei11 and 1 ,inrlsay (Hl38) found that trical<-ium 
p hosphate, 11·hich :must be porous, posi'esses m arker[ absorlwnt 
ptoperti e::; a,; far as flllurin e i ,.; concerned. In their filteting 
experiments t h ey employe<l glass tnbe~ ('' tm1·en; " ) 11 hich cordaiu er1 
40 gm. of tricalcinm phosphate, 11·hich hnd a partide size beh1·een 
00 and 40 m esh . The l"olumu of ti·i-calcium phosphate ,,·as 
1 ·59 ua. in diameter· and :1(i· 8 c·nt. high . Water containing 
:i(J p.p.m. of F 11·as passed throug-h this fi lter at the rate of 12 ·5 
c:.t·. per minute. The :F content was lowered front :30 p.p.m. u, 
(J· ;i p.p. m . ou three liters of \Yater. Uompnrat.iYe tes t,; shmYer1 that 
hiealcium phosphate has a pproximate];-· hYiee t he capacity of 
actiY nted aluminium in r emoYing F from water . Mcintine anf1 
Hammond (J 9:38) state t ha t t he higher the temperature is the more 
d fe!"tiYe hicall"inm pho,;phate is iu the removal of F from water. 
'l'hey found that the different hrand,.; of t.ricalcium phosphate differ 
in their fluorine-binding capacity. In wme of their experiments 
1 to 4 gm. of tricaleium phm;phai.e recluced the F content from 
G p.p.m. to 0· :3 p .p.m. pe.r liter of water. It is suggestN1 that 
fino-ap atite [_3Ca,;(Po,)2 Cal<\J is precipitated. 

}'urth ennore it iR po,;:;ible that the permutit t> or zeolite fil ters 
describet1 belmr (b) will also remuYt> a certain p ercen t.age o f the 
fluorine vresent i n water supplies . 

(b) P oison·in [} wit/1 srtlt:o otlver th11n fltw1'1:rl es . 

Koo.nnaus (1938) sta tes that m angan efie i,; r emoYe<l with iron 
quite sa tisfactorily wh en the mangauese content is n ot too high . 
Tn the latter case potassium penuanganate or lime could he added 
to the \\·a ter or manga nefie-permutite coulf1 be usef1. Th e nse of 
chemic·al filter s i,; howeYer very expensiYe. 

In industrie8 permutite apparatus is f requently Ufie <l to ren der 
hard \'rater s soft. Its action is b ased on the alternating- action 
hebYeeu calcium and sodium. 'l'h e actiYe ingredient i n t hi ,.; 
apparatu s is a h~· rlrated silicat e of aluminium and sodium 
(~a20.Al"0" .4Si02 .2H/)) which is known as permntite, ,; il i<:alite 
or artifici<tl zeolite. The rt>action with bard watPr is reYPrliihle an :l 
takes place as follmn: N a 2 0 .Al 2 0 3 .4Si02 .I-l fl + CaCl 2 -1- aq. -+--- __.,.. 

CaO.Al"O" .4Si02 .2H"O + N aUl + aq. (H. 19:JS) . D epoorter (H . 193S) 
de~c-rihes hmY this m ethod of softening water <.;ould he applied to 
domestic water supplies . H e proposes the use of an ordinar,\· g l a,;,; 
condenser, 11·hich is fill ed " ·i th pennuti.te aml through which th e 
h ard wate1· pu s:;e,.; . H e has been able to r educe th e hardn e,;s from 
24°- 10 in this way. 

Tl1 e authLms wish to ,.;uggest that the problem of hig h]_,. 
mineralisecl waters f·oulrl hP partly, if uot entirely, solved on t.h e 
follo"·iug lin es as far a s t be human beinp· is concerned: ( l) Hy 
storing rain ''"ate1· in gahani-;ef1 iron tanh; or in dams arul Ul"ling 
il as drinking wnter in conj nuctiuu " ·ith bore-hole <tJI(1 well \Yat er 
11·hicb art> not too saline. T nfortunately the rainfall in the a reas 
concern ed is very lm1·, so th at IJr01·ision musl he nwd<• for the storage 
ut large llllantitie~ ot rain 11·ater. (2) Un many brm;; with saline 
waters suitable chinkin g water 11·as founfl after a number of well;; 
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or (and) hnn•-holPs had been sunk. It i" t hPre fore sug-!.!,·estcd th:1t 
UoY<'rHmPJJt <I SSi ~t<.t JH ·e in r t>vard to tb P ~in king of bo1·e-h oles be 
r endt·recl to Llrnwrs in (h e are:'IS r·o n<"enH•ll a s Dl<l llY of th em are in 
" sad plig-ht. It is furth ermore pro posed tha t i n ti~P co urse of ii mP 
specimell s of all t he thinl; iug " ·ah·r in tht- areas co nce rn ed be <"ollecterl 
;,nd ;mal y:;ecl in ord r•r (o safe-g uaJd man an d a ninwl <~gninst th r 
h<lZcll"US of drin l; in g excessiYel,\- minr>Tal isPcl \\"!ltt'I"C' . en Hy e reding­
sma ll filt ers (penmdite, m<t gnP~ium oxiue . b·intl<"imn phosplwte, 
alum ) i11 hon1 es f.JI · the pu r posf' of fiHering· the rb·inking- w;d er 
in onle1· to r f'mm·e Auorides a n<l ot h er .~alis . Thi s co ul rl be ,]ont> 
at n compn ra ti,-ely lo\\· cost. 

'Wi t h r egard to drinking w;der for s(O('k it is oh\·iou s t ha i iht• 
on ly reco nJmeJHla tio n \\·hich f' ould he mark hPre i :; (:foYPI'!llll f' n t 
assis iaD CP for s inkillg bm·P- lwl es <llHl buildi ng (Ltnl i' to those> fan 11en; 
f'On<·t· rnerl . 'J'he imporian et' of <lam s for (he r·o ns<' I"Y<ll ion of ra i1 1 
\\.:ltl'r c·a nnot· he ov<• rstrPs~eil. T his \\'CJ11l d !..('(' :1 Yny long- \\·a.v to 
soh·<' a \·er.\· st-rious p robll'lll in t he :ll·eas r·OII l'e rll c' d :~ s th e rlam 
\l·ate r eo11l cl he ll .,ecl for hoth lullll <lll hei 11 g-; :1 11 d :~ llinJals. 

I t \\·ould :~piJ ecll ' from ihe ex lt·nsi\·e inYt>:-d ig-at iom: l'< ll ldnd ed 
IJ,\· Ynrious authori t ies into tlw efrect' of f'Xl't'ssiw <tunntities of 
l'a lr·i 11 111 upon the system anr1 ho m ob~e n·at ions n1arle h.\· u s in t h<' 
fie l <l thnt ''"P ha\·e g-ood g-rounds for recommt' JHli llg that roli·iu111-/I'I'P 
licks (mono -mwmoui11m phusphnte , sodium Jllwsphotr) l1 r .r;icen to 
stork 011 .frnms zc h rrr th eir dnnkin,r; zcotrr contain s P./'Crssire 
quunlih'es of colci11111. Th<' l'l' :I SOII i s obYiou,; . ] t is w l:' ll-kJJ O\\·n 
that t·h e presen<· t> of exl'ess iYe qun11 tit ies of r·a lv ium in thf' gast-ro­
i ntestin a l tr:~ c t i:-; prone to re11der the pho:,phoru,; ina b,.;orbabl P b.\· 
l'Onn·rting di-ca k inn1 p hospha t<· ini~> t h t> fnirly iusolubl<• tr i-cal<·ium 
phosph<de . Thi s 11·ould na turally reficd it .-;<·lf in sy mpt om,; of 
phosphorus <leficienl'y if t}w q uantit ~- of 11h osp hm us in t}w ft•t>tl i' 
:~he:Hl y lo\Y. I t· is for t h i, n •aw n t hat the ahon• suggl'-;holl in 
regard to t h e u,.;e of cah- ium-frpe phosphaie lil'i,s is m:~<le in onlf' r 
to limit t h e c:~lci nm i11ta ke i11 cases \Yiw re ihe drin kin p: \l'<l te r 
<'OJ JI:ti ll ,; larg<' nnlOllllfS ol· t hi ,.; el t-ml' n t . 

V. HARD AND ALKALINE WATERS AS THE CAUSE OF 
URINARY CALCULI. 

~Ic! 'ar r i:;o 11 (l!J:ll ) :; hil t· ~ ih<il li i'III:IJ' .\. l'<t lc11li <tl'e of llH>SI 
.heq uent O<"!' UIT<' II C'l' in ho t, ;~ri d. dP .-;ert phi11s, hut thPy ,-;onlet imp,; 
<tho <H·r· ur in ;~ rea,.; ri ~; h i 11 \\· ;~( e r. .-\ l'r ·on l ing to \YoodnJII ( l8:J-t.) 
uri11a1·y calculi <tl'E' most preY<tlcHI in ca tt le \\·her e arid <·oHdiiion ' 
lJl't'\'<t i l. 1'he ex pe r il:' ucl' of th e ;~ uthors •·Prtainl.\· ~u pJJOrl .-; \Yoodruff~ 
and Jlr ~Car ri so 11 ' s ~(atelll en (s , as h .\· far thP maju r ii·y of rPport.~ of 
mtn : l r~· <· ;!lr·uli in stoc k h aYe lweu rt>ce iYed hom thf' arirl <111<1 ,emi­
nri<l rt>gions of ihe Korth \Ves (ern Cap<' l' roYillce an d Sou th \ V p,-;1 
A.hi<~a. 

"C1·i1:a ry r· a lcul.i an• of 11 \ll C' h Jllor e freq uent OlT llr!'PII Ce in male.-; 
t h:1.11 i n fem a les . Castmte<l males ngnin ru e much more trPCJll r> nt l.\ 
afte(;('erl th<ln un ca~!rated ones . This is ohYiou,;h- du t• to ihe inhihitt><l 
deY<'lopmen t of th E' g e11i tn l mg;~u,.; . esp<'ci;~ l l y 't he uJ·eih r~l . "c\.lmost 
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auy afted ion , including infectious, of the genital organs especially 
t he peni::;, i s t ermed " pisgoed " by t he South African farmer 
(Steyn, 1930). 

D e Uamp (193G) states that the N egro in all parts of th e world 
i ti free hom urinary calculi. V ermooten (1938) also fouml ren al 
calculi of extremely ra1·e occunence in t he South African Negro. 
'l'he K egTo diet is low in calcium. 

According t o Left (1936) urinary calculi ar e twice as common 
i.J• t h e male as in the fem ale in patien ts admitted to the London 
Jlospital. Licknel (1934) and Humpel (1936) state t h at t here is 
a steady increm;e iu t h e occmTenc<' of th e~e calculi iu m an. 
vViuslnng-White ( 19~l8) r eYiews 42G ca,;es of urinary ralcu li and 
:;iatPs t ha t the incicl ence of 1·en al ralculi in m an il-l on the In nease. 
The reasons are obscure. Of the 426 cases th e calculi were found in 
the kidn ey:-; awl ureters in 79 ·1 per cent. of t he cases and in t h e 
1·emaining cases (20·9 per cent.) the calculi were in the hladder an<l 
ill the urethra . 

In sheep urin<~ry calculi are Yery frequeutly sit u ated in the 
Ln·occs~ u s ur·cthrae a:; t h e sigmoid curYature of the urethra of th e 
111:1le ~ heep offers <l m echanical difficulty to the passage of l arge­
;;ized calculi. 

A. C .-I.G·iES o r U tUN ARY U .-I.LCrLI . 

0 :-; bol'll e, -:\Ien<lel an<l Fen y (1917) " ·ere a hle to produce 
}Jhosphat ic u ri nary calculi in feeding- experiments conductecl upon 
ra ts. " Iu eYery im;t:m ce wher e calculi deYeloped , the anim als were 
"ithout an arl eqnn(e sotnce of the fat-i'oluhle vitamin fer some 
time " . 

Bruck (1937) ~ tatet> tha t a recumben t (sleeping) posi tio n 
enhances t he formation cf kidn ey ~1nrl u reteral ,;tones a~:; lar ge 
quan1.ities of urine in th e bln rlder serion,;ly r etnr d th e flo\Y of urin e 
from the kidneys ;lnd m·eter~ . 

Hagar allll Magath (192:)) refer to 1uinary calculi caused by 
S.al m.onello am nwn ioe, whic·h rentlcr:-; t he urine alkaline. Calculi 
c·an be produced experimentally itt the bladcl Pr by Prul e us am?lloniae, 
and Hag~u and )fagath (1928) sta t e that Vita min A defi ciency is 
possibly favourable to the implantation of t his infection. .M:cCarrisor1 
(1927 )was able to produce pho~phatic ston es in th e bladcl er of r at s 
hy f eeding the1u a faulty cliet , namely, (a) absence of protein of 
anilllal orig in , (l1) cleficiency of Yitamiu A , an <l (c) exceHH of earth y 
vhospha te~;. U e ~ hl !·es th at " to these faul ts there may po:;sihly 
have been aclcl ecl a toxic <ldion of th e di et on t he urinary t r act " . 

In a later communi catiou McUarrison (1981) states that faulty 
rli ets, in fections, ancl physicochemical disturbaJl ces in th e urinary 
trac t may cause urinary calculi and tha t t he former t wo factors 
may produ ce the third. I n India the diet is the most importan t 
factor in t he ca usa ti on of c.=llculi . Iu that country it is a poor man ' :-; 
diP.ease, as t heir diet is m a inly one cerea l grain or a noth er . H e 
proved thn1 n1 ilk a nd butter afford pro tection against stone. He 
found that a r a :P imbalance is a Yery important factor in the 
prorludion of cerbin t)·pes of urin:n y calculi . 
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Ac:cording to Barr, Bulger and Dixon (1929) there are in 
hyperparathyroidism (a) rarefaction of the bone, (h) muscular 
weakness and hypotonia, (c) abnormal excretion of calcium in the 
urine and formation of calcium stones, aud (d) abnormally high 
serum calcium. 

Blount (1931) state& that the follO\Yiug are supposed to be the 
chief factors which control the formation of urinary calculi: 
(a) reaction of the urme, (u) presence of a nudeus, (c) excess of 
foods rich in salts and organic compounds, and (d) metabolic 
clisturhances associated with a hnormal excretion of salts. 

According to Pontus, Carr and Doyle (1931 and 19:12) urinary 
e;alculi are more frequent in sheep than in any other species of 
animal and the cause of their formation has been a ttri bu ted to 
(a) the feeding of roots, especially mangels, (b) " hard waters ", 
(c) good condition of the animals concerned, as they are too lazy 
and do not void urine frequently, (d) lack of exercise, and 
(P) r·billing after shearing. Michael (Pontus, Can and Doyle, 
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 3-grain, hay 
and mangels, and group 4-grain, hay and sugar-beets. No ealculi 
occurred in groups 1 and 2 and their urinary organs showed no 
lesions. However, in groups a and 4 there were a numlwr of c·ases 
of calculi and irritation in one part, or more, of the urinary tract. 
There were also distended and enlarged g-all-bladders, enlarged 
kidneys, and enlarged hearts. Michael attributed the enlargement 
of the organs to the large quantities of water ingested. 1'hese 
results point to mangels and sugar-beets being responsible for the 
formation of calculi. 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 bran was added to the ration the reartion of the urine was nearlY 
neutral. • 

Traube, Skumburdis and Goldberg (1932) conducted preeipi­
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 calculi formation . 

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

W oodru:ff (1934) states that urinary calculi cause a lot of trouble 
in certain areas in America. They occur in cattle and almost 
exclusively in males ,::,£ the beef 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 calculi in bovs 
in Dalmatia and Bosnia; the cause 1s unknown and may possibly 
be bacterial infections . 
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Hig-gins (1H35) conrln<.:te<l experiments upon r ats and found t hat 
(a) urinary ca lculi, chie fly cal('ium pho,;phate, fleYelop iu rats 
s ustaiuetl on a diet defi cient iu Yitnmin A, and alkalinuria anJ 
kerntinisation of lhe epithelium. of th e urinary tract " ·ere cou;;ta ntl y 
observed. In later stages of the experiments infef'tion of the urinary 
traet ,,-at; frequent; and (b) th e ~.;h emica l conditions n ecessar.v fm 
the formation of calculi are produced by Yitamin A defic ien ~.;_v. 

Key~er (1U35) state~ that in different l a boratories urinnr)· 
ca lculi haYe bern prodLH;ed in a:uimals in t he foJlo ,,·ing ways: 
(a) by feedi ng oxamide, (b) b.1· }H'Ol:ucing- artifi cial exc·f:;:oiYe 
exc retion of calcium oxalate (r) hy exce~siYe <loses of }Jarathy roi<l 
extrad nn<l of Yiosterol , (d ) b~· the formation of uri c <l('irl cal('uli 
in animals \rith l<:ck fi sLulae, (p) hy feeding- diets clefir·ient in 
Yitamin A , (/) by infection 11·ith urea-splitting st?'Pptor·or·c l , 
st£~<pltyloeor·1" £ and /Jaclll11 s prote u s-aJIIIII OJiinc, and (.!)) • · by the 
inrrustai"ion of org-anic or in org-~1nic foreign horhes in the• p1·esen('e 
of infection". 

Ol pp (19:Jij) mentiou-., h1·elw !'auses of calc-ulus fonnfl t.ion 111 

Chi!la: (a) eo nstitution- - sione Lunilif'.~, (b) rare and h<Lhit,.; of 
liYiug of flitferent nntiom; , (r) some races in China stand and ot hers 
sit on tlu•ir haun<·he,; \1-]1!'11 uriu:tti11Q·. In the laHer case the blad<ler 
cannot lw <·omp letf'ly Pmptied ancl ronrenhatefl m ·iwe r emains in 
th0 hladfler, (d) hot dinwte, (e) henyy \l·ork iu hot \l'!'ather, 
(f) diet- potatoes , " Kurh•ln " , beeh'oot, an<l cabh nge constitute the 
main <liPt in China; boiled water, (g) vitamin A deficiency , (h) in 
hahies th e remains of a per:oistent infarct may form the nudeu,; of 
a ;;tone, ( i) mirrofilaria-prnasitic c-a u se, (j) fore ign bodi es in th e 
l~ l inary tract , (/<·) rn·ofe:osiou most affeded ar·e fanners, " boat 
vnllers "' fish enn en ' au<l lahourers, and (f) hilhar:.~iasis-cl esquama­
tioll of epithelium. A<'<·onling to De Camp (193G) (J) deficiency in 
Yitamin A an d D is p[ntly Iesponsihle for ihe for-mation of uri1wry 
('alruli, (~ ) vitamin A should be uf a11imal 01·ig-i11 i11 orrl er to vrevent 
c·aicuh, and n) l'Pll<ti calculi frequc•ntly follow fractm·e;; of the spine 
and pehis . 

Aecorrling- to Yon Qucl'll er (1~89) Yit-amin A <l efil'ien <·y c· rwse~; 
clPg-eJl erahon and kerati nisntion of the epithelial system result·ing in 
the formation of eo ncr em euts. 'fh0 h aemorrhages in vihlmin A 
alHl C <teficienc\· and the fact that thes!~ h 1·o deficiencies are Jften 
a<·t·ompauied h:vv various iufedions, may result in t h e formation of 
urinary calculi . Tnfections of the urinary iract may oc<·ur in all 
avitaminoses. In vitamin B 2 deficiency there ar e clisturbanres in 
t lw eal('illlll meta holism and this mav result in the fonnation of 
urina ry ('akuli. In D-hypPrvitaminosiH thp1·e i s a mobili sation ot 
houe ealcium and during the process of exneti .:Ju of th e exressiYe 
cah-i nm in the bloocl b;y· the kidn eys urina ry ('ctlculi may be forme d. 

In hy perparathy1·oi.clism t here 1s an Increase 111 urinary f' nlc·ium, 
IYhirh may lea d to a ch ang-e in the eolloid-crystalloirl equilibrium 
of the m·inf' " ·hi.('b in turn favours precipihttio n of cel'taiu ur i n~ny 
t·onsiit.upnts, (E<litm·inl , 190fl a). L eft (193G) states that uri nary 
caknli smllelim es fo Ho,\· prosta tedom:v . A<'cordin g to R1m1pe (l ~fiG) 
thP state of min<l , veg-etative centres in t.he brain and in the p eri­
pheral n etTe~ , inflnen!'e urinary ,~ ecretion anrl calculi forma tion. 
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Calculi haYe been ohserYed tv appear afte1· diseases of the nerYous 
sys tem. Also Ki elleuthner (1938) r efers t o osteogenic and n euro­
genic phospha te :;tone:;. rl'he latter ::; tones occur in diseases of th e 
nel'VOUS sy:;tem. 

V ander lty~t (1836) fed r ats on the follO\Ying <liet and produce d 
calc uli " " ·it hin a short ti1~1e " : 90 ground ,,. hi te ri ee, ;) casein , 0 
yeast po,Yder , 2 salts (th e mixture u sed in h is laboratory) , 1 co(l­
liYer oil and 3 calcium carbonate. The e pithelium of t h e pyramid 
becam e stratified im;tead of single. 

Y erlwren (1907) :;t:\h•s th<-i t Pola k :;uc('eeded in p1o<lu('iug kidne:-· 
and bladde1· stou e:; in J'[lt,; by feeding th em on a diet containing 3 
per cent. of calcium carbonate . It wa s expected i.hal t h ese calculi 
would cousist of calcium carbonate, calcium oxalate or c·alcium 
pho,;phate or uric acid, x an thin or protein substances . H oweve1·, 
the,v '"ere follll cl t o contain 60 per ceut. of organic material , n o 
oxalate, aml a nitrogen-content of approximately 1 p r r cent. From 
SO m,s·. of a stone :H mg . of citri c ::tei(l wa s isola t eLl ; therefore a 
large per centage of thest• kirln ey and hbclder ston es of th e rnt s 
contain calc iun. citrate. 

X ewsom (19:l8) refers t.o los,.;e,; in lamb" from urinary calculi nem· 
Fort Morgan , Colorado. The trouble started after they h ad been 
feel ou hll:ern e, null7.e and linseed m eal for five months. Sheep 
fed on beet t op::; •lied from ruptured hlarltler s. He quotes the r a,;e 
of a stock owner " ·ho lo,;t m a uy sh eep h om urinar.'· <·alcnli whil e 
feeding whea t " 'hPreas th e mortality stvppetl ,,·h en h e ('hang'Pd t o c·orn 
(maize) and lucerue. Calculi ;ve1·e also found in lambs fe1l on 
lucerne, corn , bran, dried pulp an1l cotton cake. The disease is 
alRo common in winter in Eastern Colora<lo in cattle f eel on lucerne, 
bean stra,v, beet. tops and pulp, corn barley and wheat and in addition 
limestone and bonemeal. \Vh en the calcium carbonate was r emoved 
and corn and lucerne fed no more casps of urinary calc-uli occurred. 
N ewsom states that most feed-lots in K orthern Colorado " are supplied 
with a water heavv in alkali Ralts " . At the Ohio Sta tion it wm; 
fourul that sh eep fed heaYily on phosphat ic food wer e nwre liable 
to the formation of calculi. \Vheaten brau h as a high mineral 
content, esp ecially phosphorus. 

Furth (193G) iu his p ap er on " P athologisch e Phy;;iologie de1· 
Steinbildung " (\Vien M:ed. \Vochenschr. 193() Pp . :165-567 and 
604-G06) discusses various factors concerned in the C"ausation of 
urinar:;r calculi. Unfortunately details of the paper cannot be g iven 
here as the publication is not obtain able in South Afri!'a . 

\Vitt er (193G) found that the kidn eys of chicks , t o " ·hose drink­
ing water sodium bicarbonate was added , b ecame pale, R\Yollen an<l 
engorged with ura tes. 

In an Editori al (1938 a) in the Lanret t he role played by bone 
disease ancl bone injury in the eausation of 11 r inary cal ruli is dis­
en ·sed. It is stated that " bon e :repair involves lorr~l decalcifi!'a­
tion ; prolonged fixation of the limbs l eads to a more generalised 
hone rarefication; and both proresses faYour exces!'l of calrium in 
the urine " . 
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Griftin , Ostertag and Braasch (1938) state that " in cases of 
urinary lithiasis the values for blood calcium, phosphorus and phos­
phatase exhibit no common change which can be termed characteristic 
of the group. :Minor variations in the Yalue for blood phosphorus, 
particularly a lowered Yalue, are not unusual but the concentration 
Df blood calcium is very constant. Patients with a high value for 
blood calcium or phosphatase who have urinary calculi should under­
go a thorough investigation for some other coexistent pathologic 
condition. In our study, hyperparathyroidism was found to be an 
etiologic factor in less than 2·2 per cent. of t he 1,206 cases of 
urinary lithiasis " . 

B. KATUlm A::-ID Coul:'OSITIOK oF UnlXARY CALCULI. 

Urinary calculi may be composed of one or more of the following 
elements: -

(a) Phosphates , especially calcium, ammonium and m agnesium 
phosphate. [}1eCarrison (1927), Blount (1931), Pontus, Carr and 
Doyle (1932), Woodruff (1934), Milks (1934-1935) and (1935).J 

(b) Xanthin (C5 H 4 N 4 0 2 ). Easterfiei.d , Higg, Aske''" and Bruce 
{1931) state that :canthin is a r are constituent of urinary calculi. 
_\_a nth in is \Yidely distributed in the vegetable kingdom and occurs in 
human and animal bodies. The amount excreted in the urine is 
increased during inflammat ion of the kidneys. According· to them 
urinary calculi consisting of .ranthin are ver:v prevalent in sheep 
on some farms in \Vaimea County in New Zealand. These calculi 
occurred only on one particular type of soil which was of lm...- fertility. 
:Milks (1934-1935) also refers to ,?Janthin calculi. 

(c) Sil1:cates (aluminium silicate). [Blount (1913) ; Pontus 
Carr and Doyle (1932).] 

(d) Umtes nnrl uric ncid: [Blount (1931), McCarrison (1931), 
W oorlrufi (1934), :Milks (1934-35), Bruck (1937).] 

(e) Oa:alates. [Blount (1931), :McCarrison (1931), Pontus, CaiT 
and Doyle (1932), · woodruff (]934), :Milks (1934-1935), and Bruck 
(1937).l 

(f) Cystin. [Milks (1934-1935) and (1935), Green, ::\I orris, 
Cahill and Brand (1936).] 

(g) Le~tein rBlount (1931). ] 

(h) Allantoh1. [Green, Morris, Cahill and Brand (1936). ] 

(i) Tyrosin. [Blount (1931).] 

(j) L ithium salts. [Blount (1931).] 

(1.:) Carbonates of calcium, magnesium, and iron [Blount (1931), 
l\fcCarrison (1931), Pontus, Carr a.nd Doyle (1932), Milks (1934-1930) 
and (1935).] 

(Z) L ime [Ca(OH)2 l [:McCarrison (1931).] 
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The following table is taken from Blount's (1931) publication 
and gives the chief constituents of urin ary calculi as found in man 
and animal : 

Anima l. 

Horse . .. . . . 

Ox .. .. . . .. . 

Sheep .... . . 

P ig ....... . . 
Dog ..... . . . 

Cat ...... . . 

}[a n . . . . .. . . 

Acid mine. 

Silicat es .. .. . . . ... .. . . . .. . . 

Silicates, calcium oxala te, 
xant hin 

Silicates . . ... . .... . . . . . . .. . 

Silicat es, calcium oxalate .... 
Calcium oxalate, ammonium 

oxalate, cvstin, uric acid, 
uratcs " 

Cystin, uric acid, calcium 
oxalat e 

Calcium oxalate, uric acid, 
urates, cystin 

Alkaline urine. 

Triple phosphates, calcium carbonate, mag· 
nesium phosphate, calcium phosphate. 

Calcium and magnesium phosphates, calcium 
and magnesium ca.rbonate, triple phos­
phates, i ron carbonate. 

Triple phosphates, iron car bonate, calcium 
and magnesium phosphates. 

Triple phosphates, calcium carbonate. 
Triple phosphates, calcium car bonate, cal ­

cium carbonate + calcium phosphate, acid 
annnonium urates. 

Calcium carbonate + calcium phospl:a t e, 
potassium and magnesium phosphates, 
triple phosphat es. 

T1·iple phosphates, calcium phospha te, 
lithium compounds. 

The reaction of the urine depenils to a large extent on th e nature 
of t h e food ingested (Blount, 1931). H erbivora urine is usually 
alkaline as t heir food contains large am ounts of organic acids 
(tartaric and cit ric acid) . 'l'hese acids are completely oxidised 
during the processes of metabolism and t heir alkaline bases are 
excr eted. If herbivora are starved and were to derive th eir nouriHh­
ment from their O\Yn tissues, their urine will be r endered acid by 
the excr etion of acid sodium and potassium phosphat es. This t ype 
of urine is !lerived from proteins an d 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 t heir r espective acids : th ese are later ex cr eted and 
so tend t o lower the pH of th e blood " . 

)1cCarrisou (1931) si.ates that in his laboratory two hundred and 
twenty six urinary calculi of human origin were analysed in the 
course of t hree years "-ith the following results : - pure u r ic acid : 
15, pure oxalate: 13, pure phosphat e : 3, phosphate-oxalate: 23, 
urate-pho~phate : 20, urate-oxalate : 78 ; urate-oxalate-phosph ~tte : 74. 

:\[ilks (] 9!34-] 935) describes the following urinary calculi: 
(a) urie acid calculi-yellowish or r eddish-brown in r olour, hard 
brittle, smooth or only slig-htly gr anular . (b) Calcium oxalate 
calculi- dark iu colour, very hard and h eavy, often r ough or spinou s. 
(c) Phosphate calculi ar e usually composed of the t riple phm;phate 
or ammonia-magnesium and calcium phosphate . They are greyi ;;h , 
friable ancl lighter in weig ht than the oth ers. 

P ontw;, Carr and D oyle (1932) r eferring to minary calculi in 
sh eep state th at the calculi examined by them wer e l arg-ely composed 
of calcium phosphat e and organic matter. They furth ermor e state 
t hat a survey of the literature indicates that calculi are u sually 
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produced by the formation of calcium carbonate, calcium and alumi­
nium phosphates, and aluminium silicate, together with kidney tissue, 
ur·ates, epithelium, etc. 

Felix (1936) de~cribes tests by which the chemical nature of 
calculi eould be determined. 

C. SYMPTO.\IS oF UmNAHY CALC"GLL 

(a) Man: The symptoms may vary to a remarkable degree. 
Ho,Yever the following are those most frequently encountered-inter­
mittent pain (renal c·olic), haematuria, frequent and difficult urina­
tion, nausea ancl vomiting, and \l·ith infedion of the genito-urinary 
tract there may be pyuria, Jacobs, (1932). 

(b) Animals: 'l'he first symptom is restlessnes~=;; partial m· 
complete stoppage of the urinary tract; anorexia; arched baek; 
head usually carried low; kicking at abdomen; strai11ing to urinate; 
dullness and listlessness; wiggling of the root of the tail: in 
advanced caHes the animals may appear very sick; there may be 
pus and blood in the urine (cystitis); inclination tn lie down most 
of the time, usually on their beU.ies, and when i.hey get up they 
stamp their hind feet; the wool or hair around the ;;heath i;; always 
wet or encrusted with salts, or urine may be dripping continually 
from the orifice of the sheath. 'l'here may be necrosis of the urethra 
due to pressure exerted by large stones with the 1·esult that urine 
linds its way into the surrounding tissues (oedema of subcutis). 
The animals may show repeated attacks of the disease. Palpation 
of the penis, urethra, ureters or kidneys is painful. After rupture 
<)t the bladder, ureters, or urethra, uraemic poisoning sets in and 
the following symptoms are seen: subnormal temperature, anorexia, 
animal lies down and "·ill not rise, abdomen distended with ur·im,. 
The breath smells of urine. Death inevitably follows rupture of 
the bladder. (Pontus, Carr and Doyle, 1932; Woodruff, 1934; 
De Camp, 1936; Newsom, 19381. 

D. PosT MoRTEM ArrEARANCES. 

As is 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) oedema of the subcutaneous tissues 
in cases where there is necrosis of the urethra, (c) ureamia, (d) urine 
in the abdominal cavity in cases where the bladder, ureters, or 
urethra has ruptured, and (e) distension of the ureters, bladder, 
urethra. or pelvis of the kidnevs 

Blount (19;31) states that (a) ammonium benzoate is said to 
assist in the resolution of phosphatic calculi in sheep; (b) sodiulll 
hicarlJOnate (8-60 gm.) prevented phosphatic urinary gravel in 
lambs; (c) magnesia renders oxalates more soluble; (d) potassium 
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ci trate is a diuretic and eombines with calcium thus preventing the 
formation oi calcimu oxalate; and (e) acid sodium pho::;phate 
aeidifi es the urinr and clissolyes oxulnte>< 

Lie kin t ( 1934) c1escri bes the followiu g methods of treating 
kiJney and ureter stones : (a) application of warmth, cliathermy, 
morphine, pan topon, papunrin, and spa:>malgin, with quite good 
result:;. (b) llreter massage with patient lying on his or her side. 
(c) inigation of the urinary organs by a elm inistering lurge quanti ties 
of tea, coffee and \\·a tel'. 'fhe results ure quite satisfadory. 
(rl) Dilatation of the ureters with instruments (ureter catheter:-;) . 
(e) By the administration of hypophysis es:hacts, which stimula te 
peristalsis of the ureters. This method i:; often employed in 
combination "·it·h other methods. (f) Hip-baths stimulate peristalc;is 
ot the m·eters and absorption of the "·ater hom the inteo>tine 
irrigates the ureters. (g) The Yiews coucem ing the pfreet iseuer;,; 
of ethereal oil:; (oil of turpentine, oil of peppermint, Pte.) in thr 
treatment of urinary ca leuli <liffe1·. (h) Ul:ycerine administerell 
orally. 'l'he followi11g hypothe,es are adYanced <·oucerning- the 
uei.ion of glycerine in cases of urinary ealculi: ( l ) Spasmol:vh<; 
ndion. Glycerine relieYes the pain and the ureters may thel'efore 
relas:, or it may clirectly relieYe the spasm in the meters. (2) It 
may st-imulate peristaLsis of the ureters through withdrawal of 
wate1· from thei1· mucous membrane. However, Lickint rightly 
states that the ]Wrcentug-e of g-lycerine in the urine is Yer,v lo"·· 
(8) 'Creter p<:>ristalsis may h<:> brought about reflexly through intestinal 
peristalsis caused by glycerine. Ho\l·eyer, according to Lickint 110 

diarrhoea follmn; upou the ad ministration of larg-e quantities of 
g-lycerinr. (4) Yiews Jiffer in reg-anl i.o the diuretic action of 
g-lycerine. Lickint :-;a\Y uo diuresis in human beings who receiYed 
!10 g·m. of g-lycerine three times daily. (6) Removal of small calculi 
through au inc1·ease in the · 'thickness " of t he m·ine due to the 
presence of glycerine. Ac('ording to Lickint's experiments this does 
J1ot occ·ur as the amo unt of glycerine es:('reted in the urine is too 
small. (6) RenloYal of small stones through a11 increase in the 
Yi:;eo;;;ity of the urine. Lickint state that t his i:-; impossible as 
there i8 only an increase in the Yit>l'O:Sit.\' of urinP wh t>u one pint 
ot nrinr iH mixe< l IYith three pints of gly <"erine. (7) (}]ycerine may 
act a:-; a lubrieaut of the ureters. ~\..lso this is intpossible at> the 
<;oncentraiion of glycerine. administered Ol'ally, i,; too lo"· in the 
urine. (8) It may redu<"P tlw calculi in size or rlissoh-e thelll. 
Previously it was held t h:1 t glyce1·ine di~soh-e,; calcium sa](,; and 
mil' a<"id deposits. However, Liekint found tbnt glycerine in 
11rine does not clissohe oxalate calculi and nri.c a('id stones . H e 
i..; of opinion that gl,,·cerine remoYes calculi throu gh its spasmolytic 
adion and (or) increase in the peristalsis of the ureters . He ug-rees 
with a number of urologist,; in that glycerine removes ureter calculi 
in many cases. His heatment consists of administering three time:-l 
clnily 60 gm. of gl_\-cerinc up to a total of 4:)0 g-m. It is gi ,-en 
neat and lw has seen no detrimental effects. K o additional fluid 
i~. ginn, onl,\- the normul quantity of tea, coffee or milk (1! litres). 

SteYens (1935) discusses the operatic removal of cal culi.. 
Higgins (1935) conducted experiments upon rats a nd found that i t 
was possihle to dissolve hy ::trlding vi.tami.n A to their diet, urinary 
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calculi which had formed as a result of feeding them a ration 
deficient in this vitamin . Cook (.1936) refers to cases in which 
bilateral renal calculi disappeared after treatmeut 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 month. 'L'he measures were applied singly and in 
combination . 

De Camp (.1936) states that " an increased alkaline content 
of the urine is useful in dissolving uratic calculi and cystine calculi, 
while acidification of the urine is indicated in elimiuating ;·alcium 
oxalate and calcium and ammonium magnesium carbonate anti 
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 
.:>£ a 10 per cent. aqueous solution of concentrated nitro-hydrochloric 
acid, ammonium chloride, and ammonium 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 aclministration of _gluconic acid. He administers 
8() gm. in a 3 per cent. solution daily. He states that Lohmiiller, 
Karschulin and :May had similar experiences. He explains that 
IJOt all phosphatic calculi can be dissolved in this way as their 
dissolution depends upon (a) their chemical composition, (b) their 
age and (c) 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 effectiYe 
remedy to dissolve phosphate concrements. Tzsirntsch (1938) failed 
to dissolve calculi in patients by oral administra ti.:>n of " Extin " 
(an acid adipinic acid hexamethylenetetramin combination). 

Keyser (1935) warns against the overzealous administration 
of urinary acidifying agent8 as it may lead to acidosis and nephritis. 
He rightly states that extreme caution <>hould be exercised where 
the total amount of salt administered in twenty-four hours exceeds 
G to 8 gm. 

According to Frankel (1937) the use of morphine is contra-incli­
catecl in spasm of the ureters as it increases the spasm as was 
proved experimentally by Boeminghaus. Frankel states that 
atrop1;ne and its derivates relieve ureter spasm. He maintains 
that eucodal and euzwverin are the best drugil to rel.ieve 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 eYening and on the following day. Frankel 
furthermore states that it is essential to allay colic clue to renal 
calculi anJ t.o relieve spnsm of the ureters . He has been doing 
this for years successfully with intravenous or intramuscular 
injections of 0 · 04 gm. of e~tcodal + 0 · OG gm. of eupaverin. This 
dose can be repeated after one hour. 
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V ermuoten (19;)8) refers to the removal of kidney and ureter 
ca lculi by means of inshuments (" ureter stone extractors " ). 'l'he 
disadvantage is that these instruments sometimes break in the 
ureters . Vermooten and other urologists h ave great sucr;ess iu 
Jilating the ureters by injections of avel"tin into the ureters by means 
o1 inlying ureteral t:atheters. They use 15 c.e. of a sterile 2 per 
eent. solution of avertin. Also Rumpel (1936) describes the various 
methods of remonng uriuary calculi. 

F. PREVENTION. 

According to Blount (1931) the ±ormahon of urinary calculi ca n 
be prevented by (a) avoiding the <lrinking of " hard waters " and 
(u) avoiding an excess of foods containing large quantities of 
inorganic salts like bran, grains, cer eals, eotton seNl meal , a1ul 
fish meal. All these foods are rich in phosphorus. Peas, beans, 
clovers and fish meal c.:mtain much lime. Certain grasses are rich in 
silica. Animal proteins are rich in sulphatE's and pho;;phates . 
Blount states that acid sodium phosphate an<l calcium or ammonium 
chloride arlministered z1er os render the urine acicl , while cereal 
grains and ln·an and the administration of mngnesi um salts, 
potassium citrate, alkali carbonates, tartrates, lucerne or mang-old.~ 
tend to render it alkaline. Fresh fruit check high acidity. 

In cases of cystine calculi (cystinuria) the patien t should be 
placed on a low protein diet and the urine rendered alkaline by 
administration of a lkaline salts, (Ewell, 1932). Proteins of a high 
1.:ystine content should be aYoi<led. Diets containing adequate 
amounts of vitamin A should be fed or taken (Higgins, 1935; 
Editorial, 1937 a) In an editorial (1937 u) in the British Medical 
Journal the following recommendations concerning- the prevention 
of urinary ealculi are made: (a) avoid the retention of urine and 
infection of the urinary tract as the presence of urinary ealeuli 
j fl a uot infrequent complication in retention and infection of urine, 
and (b) or thopaedic cases nee<l protection from the formation of 
urinary calculi. 1'he uriu e should he kep t on the acid side (pH of 
5 to 5 · 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 be paid to the preYention of 
urinary calculi in orthopaedic patients which are recumbent and 
immobilised. (For particulars con cerning diets see article by 
Higgins and Schlumberger in Archives of Surgery, Chicago, Vol. 
04, 1937, p. 702). 

H ermann (1938) states that in order to prevent the formation 
of urinary calculi (a) alkaline water should not be taken; anrl 
(h) bacterial infections of the urinary tract should be preven te<l. 

Bruck (1937) discusses his own case of urinary caleuli. H e 
suffered from repeated attacks of kidney colic which were followed 
by excretions o.f urate-oxalate urinary stones of different size. He 
states that a recumbent position (sleeping) enhances the formation 
of kidney and ureteral stones as a large quantity of urine in the 
bladder seriouslv retards the flow of urine from the kidneys anrl 
ureters. After 'having suffered very much for fifteen year's as a 
result of urinary calculi h e solved his trouble by urinating every 
nig·ht between 3 and 4 a.m. 
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VI. DISCUSSION. 

That the ingeo;tion of exceo;siYe quantities of onl iuary water cau 
cause poisoning mainly through dilution of i.he body fluids, " ·it h a 
consequ en t reduction in th e salt (mineral) c·ontent of t h ese fluids, 
has been proYecl by a number of inYest ig ator,;. On the other hand 
acconling to Uou tax (1907) the d1·in king- of ex ("e,;;;iYely col.d wate r 
may ca use seri ous, if not fata l , loc-n lise<l <111(1 g-e11 er al Ynsomotor 
disturbauccs. Abo the (hinking of large quantiiie,; of (lishlled water 
may ha\re unpl easan t r1 ncl even seriout> consequence;;. 

It is H ideni hom thr for e-goi ng inforlllation t>upplied IYith 
1·eganl to the Y:niou o> aspects of the eiteeb of sa lin e and hanl waters 
U]Jon man. and :mimal that the c:onscquenres of drinking such waters 
over long periods may be, and frequently are , Yery seriolll:> . Xot 
only do man.1· human beings in the more arid rrp:iom; of the LTnioJI 
of South Africa and South ·\'{est Africr1 sufter damage to their 
het1 lth and teeth as a result of chinking saline aurl hr1nl 11·ate r,; but 
many of them han• a seYere struggle to m ake stock fanning a payable 
propw;ition, anrl frequently fa il to cl o so as the losses among- their 
sto("k ar e HO h eavy as to impede all progress. 1nlleed , case::; are 
knmn1 IYhPre stock-own rn; hnd to nbnnclon fnnns a fe w years :tfter 
haYillg· occupied th em, as th ry lo~t p ractically all the stock they hn(l 
broug·ht 0 11 to them. 

\\'ith the informatio n II" € h aYe ;1( presen(· at OUr clisposal it j::; 
impos,.;ible for us to propose a definite limi t of salt,; (total ;:;a lt 
<·onten t alHl limits for in cliYiclunl sa li s) in clrinking- "·at C'r bc'yonrl 
"'·hieb harm may 1·esuH . U O\YeYer, a large number of experi m ents 
han~ been ron clndecl by Yari ous itn-e~t igators an cl ex (ensiYe ohserYn­
lion s marle in thr :fi r ld . Tt is ob·ions that in aH::-mpiinp: io SU).!"ges i 
a saft> lin1it for sa lt s in drinking wat er thf' foll mYin g- poin ts ;:;h ould 
be g-iven due consideration: (A) The quantities of water taken daily 
with food and chink . This point is elaborated upon under IVA. It i ;:; 
nn fodunat e thnt th e areas where ihr underground " ·ater suppliel" 
are hig-hl.1· min en1lised are precisely t hose " ·hf·n · 111an all(! 
a nimal drink the large t quantitie:-; of 11·ater a ncl where t he:v are 
fon·ed throug-h a Ye r.Y low rainfall to bP almost entirely clepe1tdent 
upon bore-hole and well " ·atc•r. H o>Yel·er·, mattr rs can be materially 
improYed h~· the ;:; toring· of rain water in gahani::;ed iron tanks anrT 
clams. (B) It has heen pointed uut preYiously that on many farm ,.; 
pot::1ble "·ater was found aH er a 111llllher 11f " ·ells or bore-holes had 
yieldr d poi~onous (rxcln ,ivel~· salilte) water. Snc·h potable water,.; 
\l·er e found both at more shallo11· and mur·h deeper leYrl s than thl' 
exn'G;;i-..·Ply sali ne 11·r1iei· anrl i n somt> c·ases the re:-:pedi1·e hore-holps or 
lYell,; ll"f'I"P c;ituail'cl in cr1ite do:;e 1noximit~· . ~(') ' l' he deg-ree ol 
,.:alinity (>f the 11·aier Yari es a t clifY•=r ent tim es of the Ye:n· and in 
difter ent years r,;perially that of tbe 11·a ter in shallow wpils and hm·e­
hol rs . Th e general coinplaittt amon g t he stock ownrrs is that the} 
and t hei r ,;(o(·k suffer mosi· clurillg the <h~· Jwi·iorls ,lf the year (.1 une , 
July, Aug-u:-;i, Sevtember) a11d rluring droug-h ts a,; the undergroun(l 
11·:d en; are then much more poisonou '-3 t h an (luring periods 11·hen rain 
fall s. rrhiR is qu ite COllCeiYable <lS 1":.1in water dilutes the SUperfi r ial 
suht ennnenn 11·nters. 1' hi,; is a fartor 11·hich r en ders it verv diffi cult 
to dra11· reliable <'Onclusions from obserYations in the Aeld LlS to 
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the safe limit of salts in drinking water as the concentration of 
salts in the bore-hole and \Yell w·ater could var.r considerably. In 
addition the animals drink ra m ,,·ater whenever it is aYailable. 
:Furthermor e, the fact that many farmers are reluctant to give correct 
information concenlin.g the effect s of the water upon themselves 
and t heir stock a,; they may \Yi sh to dispose of their farms at some 
future date, renders it very difficult to obtain r eliable information 
from them. The harmfulness of saline waters depends not only 
upon their total salt content but to a very large exten t also upon 
t he natme and quantities of the respective ;;alts present. ·As fa1' 
as direct poiso:.1ing is concerned nitrates, sulphides, and fluori.c1eR 
ar e th e most important salts, ·while the presence of l arge quantities 
of magnesium, sulphates and calei.um will be mainly responsible 
for disturbanees in mineral metabolifnn, especially calcium and 
phosphorus metabolism (pica) . It is true that in addition the 
chlorides, sulphates and nitrates of sodium, potassium, calcium and 
magnesium will all tend to cause diarrhoea through their salt action. 
Of the 1.ltmost imp01'tance i s a considemtion of the syne1·gis tic effects 
o f the d -iffe1·ent .salts in the 1.cnte1· . Hoth JJ hnrnwrologically arnd 
to.v,:colo,r)1:c-ally tlt e combined eff ect s of the nl1ot·e salts me ob·vious. In 
most cases they 1.cill be multiplied and not added. In more ways 
than one, they will art synergistically espeeially "·it h r egard to 
their salt action on the gastrointestinal tract , the liver and kidneys. 
It is recognised that both man and animal develop to a certain 
extent a resistance to th e effects of mineralised waters, esperially 
as fm· as the causing of diarrhoea is concern ed . HmYever, we should 
not lose sight of the fact that after an apparent tolerance had been 
rleveloped man and animal ma:v after months and years exhibit the 
more chronic effects of drinking highly mineralised water, for 
€xample, retarded growth, stuntedness, decrease in productivity 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 sulphate 
mixtures containing in addition either magnesimn or bicarbonate 
together with nitrate ions " . 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 aceumul.ation of urates in the kidneys 
which will r esult in damage to thf; organs. It is known that the 
enzymes function normall:'-· only at certain rlegrees of acidity or 
a lkalinity (pH) an d it is obvious that either excessive acidity 
or excessive alkalinity will. inhibit their actions or render them 
abnormal, and consequently disturb digestion. On the other haml 
the alkali carbonates will assist hard waters (containing calcium 
and magnesium carbonate, bicarbonate and sulphate) in the produc­
tion of urinary calculi in that they are inclined to render the urine 
alkaline and consequently facilitating the precipitation of phosphates, 
calcium oxalate, and carbonates . Hard and alknline waters 
undoubtedly play a role in the causation of urinary caleuli (see 
discussion on urinary calculi). Dr. Viviers, medical officer of health, 
K enhardt, informed onto of us (D. G. S .) that slightlv enlar<Yed 
thyroids (goitre) (in many cases the enlargement cnn onl)r be as~er­
tained on palpation) are of quite frequen t oceurrence in th e K enhardt 
district. 
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Phillips and Hart (1935) fed 20 to 30 mg. of fluorine as sodium 
fluoride or rock phosphate per Kg. of body weight and petechiae in 
noticed fibrosis, mild parenchymatous proliferation and petechiae in 
the thyroid glands of some animals. ~fay (19:35) rt>ports that he is 
making use of the iodine-fluorine antagonism in hi'> sanatorium in 
that he applies the fluorine therapy to cases of hyperthyroidism and 
"Basedow's disease. He obsen-e<l this antagonism in hundreds of 
cases. He states that iodine stimulates the thv1·oid follicles to 
increased colloid secretion and also causes an in~rease in the size 
.of the follicles, whil~St fluorine iu small closes induces a decrease in 
the size of the follicles with epithelial hyperplasia and redueed 
colloid content_ Michaelis (1935) states th<lt there ;1re a number of 
facts which point to a fluorine-iodine antagoni;;m in the system. 
He refers to Goldemberg ' s hypothesis \1-hich states that goitre and 
cretinism can be caused by a deficiency of iodine as 1cell as by a 
superabundance of fluorine. Phillips, English atHl Hart (1935) 
found that growing chicks have a high tolerance to sodium :fiuor!_de 
and that the ingestion of fluorine enhances the toxicity of dessicated 
thyroid. Seevers and Braun (1935) determined the e:ffeet of sodium 
:fluoride on experimental thyroid poisoning an1l state " the~;e findings 
.do not lend support to the hypothesis of an in ciuo thyroxine inacti­
vation and a concurrent inhibition of the ferments concerned in 
metabolism~ proYicled a <;Onstant supply of thyroxine is available by 
thyroid feeding ". According to Biester, GreemYood and Kelson 
(1936) small amounts of fluorine fed to dogs have a tendency to 
inerease colloid withdrawal from the thyi,oid 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 fluoride and 3-fluor-tyrosin were added to 
the water in which the tadpoles were immersed. He found that all 
-three these fluorine combinations counteract the effects of tbvroxin. 
In his tests 3-fluortyrosin proved less toxie than the oth~r two 
:fluorine ~combinations. Litzka (1936) states that fluortyrosin (a 
.combination of fluorine and an amino-acid) has an increased specifie 
fluorine action whilst it does not possess the disalhantages of the 
inorganic fluorine preparations. He (Litzka, 1936 a) considered that 
both fluorine and tyrosin are antagonists to thyroid hormones. 
Fluortyrosin, he states, has a pronounced antithyreotoxir action, 
that is, it is capable of partially or totally paralysing the metabolic 
:actions of the thyroid hormones (lnlaete) which are circulating in 
the blood. According to him fluortyrosin is not capable of inducing 
histologic changes in the thyroid which could he held responsible 
for the inhibition of its glandular activity. Evans and Phillips 
(1938) found that in cases of hyperthyroidism fluorine occurs in 
the thyroid gland in widely varying amounts. They observed 
no relatwnship between the iodine and the fluorine content of 
-thyroids in these cases. They state that "the data obtained gave 
no definite evidence that fluorine in any way pl.aye<l a part in human 
hyperthyroidism hy its action Jn 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 b.\· calcium, seeing 
that in myxoedema there is an inclination towards calcium 
retention and the thyroid hormone increases calcimn excretion and 
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also because calcium excret ion in Basedo\Y disease is very high. 
Furthermore he (Glatzel, 1938 b) states that it is known that thyroid­
hurnwne deficiency leads to accumulation of sodium chloride and 
water in the body and that administration of this hormone causes 
absorption of oedematous :fluid aud an increase in water and sodium 
chloride excretion. In Yiew of the aboYe information concerning the 
possible ronnection between thyroid action on the one hand, and 
:fluorine, calcium and sodil<m chloride action on the other hand 
would it be unreasonable to suggest that there is a poss1bility of tlze 
m£neral coustituents p1'esent in the d1·inhtng water of human l,eings 
playing a Pole in the r·ausation of goitre in certa£n areas where the 
wate1' is excessit·ely ?m.nemlised? 

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

According to Stransky (1934) the sedimentation rate of 
erythrocytes is dearly reduced 111 rabbits chinking Karlsbad 
mineral water. Glatzel (1938 h) states that th e f1mr"h"on of mq'nePals, 
ferments, 'Vitamins and hmmones are closely associated. Common 
salt actiYates insulin and under very special circumstances also the 
.diastase in the liYer (Glatzel, 19:·W). Sodium metabolism is 
intimately associated with the activity of the cortex o£ the 
suprarenal gland, (Ed ;torial, 1934). A portion of the common salt 
taken pe1' o.s is retained hy a diseased liver and renders this organ 
prone to the development of oedema (Vegh, 1935), and. Karlsbacl 
mineral water ~timnlates liver function and enhances glycogen 
formation in this organ (Kern and Stransky, 1937). Sorli urn chloride 
plays a role in mineral meta holism, espeeially calcium and 
phosphmus metabolism, (Glatzel, 1938 a). In experiments conduetecl 
upon bovines, sheep, pigs and chickens, Heller and Paul (1934) 
found "that there i~ an increase i.u. the inorganic content (Na, K, 
Ca, :M:g and Cl2 ) of either plasma or cells in animals drinking water 
with high salt contents, but marked changes iake place only as 
death app1·oaches " . They state that theTe are 1.:ery notitPa lile 
inc1'ert.ses 1:n the sulphate content of the blood of animals consumint; 
the nwre concentrated solutions. 

:From the information we have at our disposal we rannot but 
agree with the older authorities in the 1Jnitefl States of America 
and Eng·land 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). 'l'he authors 
IVish to point out that in the r.ase of not too excessively mineralised 
xaters their harmfulness <lepends not so much on th'eir total salt 
content as on the degree to which they contain the more toxic or 
hannful elements. It is thepefore obr·i011.ts that thP ha1·mlessness, or 
otherw·ise, of mineralised waters should be reganled not so 1n11ch 
from the po·int of view of their total salt content as from the amounts 
of the respet:tire minerals present, especwlly in cases w here 
borderl-ine cclses are to be cons1:dererl. 

With regard to the prevention of poiRoning 0t man IYith highly 
mineralisecl waters the follow·ing m ethods could be used: (1) instal­
lation of small filters containing tricalcium phosphate, magnesium 
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oxide, aluminium sulphate, acti,-ated a-lumina, or permutite 
(hydrated sodium aluminium silicate) in the homesteads. These 
filters will remove fi uorine and salts hom the water to a rertain 
extent (see IV H). A large number of tests are being conducted 
by one of us (N.H.) in order to ascertain \\·hat 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 it 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 
sugg-ested that State assistauce be rendered to farmers \\·ith regard 
to the making of dams ancl sinking of bore-holes. 

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

U rinrt1'Y calr-uli.-From the extensiYe literature on the different 
aspects of urinary calculi it appears that the follo"·ing factors play 
a role: (1) Locality. (2) The drinking of hanl aud alkaline waters. 
Various stock-owners in hard '"a ter areas i uformed one of us (D. G . S.) 
that their oxen suffered from urinary calculi within a few months 
after " open \Yaters " (rain water collected iu dams or rivers) had 
given up and they were forced to drink han] water obtained from 
bore-holes or \Yells. (3) The eating or feeding of oxamide, foods 
defirient in ,-itamin A and other vitamins, large amounts of calcium 
carbonate, plants containing oxalates, cereals, etc. (4) Bacterial. 
infections of the genito-urinary tract, especially of the kidneys and 
hlaclder. (5) Hot and arid climates. (G) Hyperparathyroidism or 
excessive doses or parathyroid extract or viosterol-large quantities 
of calcium excreted in the urine and serum c~lcium is very high. 
(7) Diseases or fractures of the bones (osteogenic calcul.i). 
(8) Diseases of the nervous system (neurogenic calculi). (9) Stone 
bmilies are recognised by some authorities . (10) An abnormal 
Ca: P ratio (Ca : P imbalance) in the system definitely plays an 
important role in the causation of calculi (see V A). 

Urinary calculi may be composed of one or more of the follo,Ying 
substances: Calcium phosphate, magnesium phosphate, ammonium 
phosphate, cakium carbonate . uric acid, m·ates, oxalates, lime 
[Ca(OH) 2 ], cystine, citrates and xanthin (see VB). Full particular8 
concerning the symptoms, post mortem appearances, treatment and 
prevention of urinary calculi are to be found under V C, D, E and F. 

On the grounds of disturbances, especially in the processes o\ 
mineral metabolism, caused in the system and the role played by 
alkaline, saline and hard "·aters in the causation of urinary calculi., 
would it be unreasonble to suggest that these waters may also play 
a role in the causation of some types of bile stones ~ 

V II. SUMMARY. 

A . Poisoning due to the drinking of (a) excessive quantities of 
ordinary tap water, (6) excessively cold 'vater, (c) distilled water anrl 
(d) highly mineralised water is discussed in all its aspects. 
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B. 'l'he role played by saline, h ard and alkaline waters in the 
causation o£ urinary calculi is clise;ussecl . The causes aucl natm·e 
and composition of urinary calculi and also the symptoms, post 
mortem appearances, treatment and prevention are described. 

C. The ingest ion of exc8ssive quantities of ordinary tap >mter 
(" normal or \Yholesome water ") or clistill.ecl water can cause 
poisoning m ainly through dilution of the body fluids wi th a 
consequent reduction in t he salt (mineral) content of these fluids. 

D. The drinking of excessively cold \Yater may cause seno us, 
if not fatal, localised and general vasomotor disturbances. 

E. In the more ariel regions of South Africa both man and 
animal frequently suffer severely as a result of being forced through 
circumstances to drink highly mineralised \\·aters. The main 
symptoms are btHl teeth ( mnies), mottled teei. h, gastroin t·estin al 
disturbances associated 1nth nausea, vomitiug- a11d head-aches, 
diuresis and urin ary cakuli in man; and iu animals sudden death, 
Ghronic diarrhoea, loss in appetite and condition , cliureo;is, uriu ar.\· 
Galculi, stunted growth, an::temia, and decreased productivity and 
reproduction. The nature aud degree of the aboYe symptoms may 
vary to a marked extent as they depend not only upon the total 
salt eonteut of the \Yater but also to a large extent uvon the natun) 
an <l quan tities of the 1·especti Ye miuerals preseut. 

F. 'J'he factors concerned in the determination of the quantities 
of water drunk by man and animal are diseussecl . 

G. The degree of salinity of subterran ean '"aters, especially 
those obtained from shallow wells and boreholes, m ay vary 
considerably at different times of the year and in differ ent yea rs as 
their salt content is influenced (reduced) by r·ainJall. 

H. 'l'he effects of the different minemls and their combined 
(synergistic) effects upon th e system are discussed. 

I. From the results of experimentes conducted by vanous 
investigators and the analysis of specimens of water and observations 
made by us, the authors cannot but agree with the older authori ties 
in England and the United States of Ameriea that the extreme limit 
:;£ the total salt content of drinking water especially for human 
beings, should be 570 parts per million parts of water ( = 0·0!)7 per 
rent . salts). The authors fully realise that this limit depends t,o 
a lw·.r;e e.'t'tent 11pon th e nature and quantity of th e respective sa lts 
zne~ent and that tl1 e suitahil,ity of each minernlised 1cater ./o1' dn.n l.-inu 
purposes sh01tld /) e considered on its 011J'n merds (analysis) . The 
most poisonous ingredients n£ mineralised waters a1·e nitrates, 
sulphides and fluorides, ''"hile magnesium , calcium and sulphates 
are inclined to upset th e normal processes of mineral metabolism . 
The carbonates and bicarbonates of so eli um and potassium render 
the gastrointestinal .1 m res abnormall:v alkaline thus disturhi n g­
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 tricalcium phosphate, magnesium oxide, aluminium 
sulphate, activated aluminium, and permutite (hydrated sodium 
aluminium silicate). However, 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 galvanisecl 
iron tanks and clams. And (c) 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 , 
fnirly 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 clams. It 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 1·s in the interest of man and animal living In the moTe a1'l·d 
Te.r;ions to make a detailed survey (ana lys1"s) of the types of water 
they are d·,·inkin_g, as many of them are 1:n rL sad ph.r;h t . 
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