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LETTER OF TRANSMITTAL

Department of Mines,
Adelaide,

18t November, 1952,

Sir,

In recent years, the importance of
fluorine in natural waters has come to
be recognised because of its physiolog-
ical effects both in man and animals,
Fluorosis, the condition arising from
fluorine intoxication, has been observed
in many parts of the world, and has been
studied particularly with United States
of America,

The publication is the result of
investigations by Dr. L. Keith Ward,
former Government Geologist, over a
period of several years, and represents
the first attempt to evaluate the prob-
lem in South Australia.



The publication of this paper, written
in 1949, has been unduly delayed, because
the Department has been unable to finalize
the form of its presentation of reports
relating to matters which do not come
within the scope of its Mining Reviews and
Geological Survey Bulletins. Now that
its research and development activities
have been considerably expanded this new
series of publications will enable the
results of a recent investigation to be
published with a minimum of delay.

S. B. DICKINSON,

Director of Mines,

The Hon., A. Lyell McEwin, M.L.C., Minister
of Mines.,

Submi tted for approval to print as a
Report of Investigations of the Department
of Minesol ,

Approved
A. LYELL McEWIN

Minister of Mines.



FLUORINE IN SOUTH AUSTRALIAN UNDERGROUND WATERS

Introduction

It has been found, within comparatively
recent years, that certain characteristic symptoms
exhibited by both human beings and domestic
animals are due to chronic fluorine intoxication,
These symptoms include dental abnormalities and,
where the fluorosis is more serious, osteo-
sclerosis (especially of cancellous bones). The
dental changes are seen not only in ‘mottled
enamel', which is an affection in which the teeth
become chalky, opagque and discoloured, but also in
the malformation of the teeth in size, shape and
position. These symptoms of chronic fluorosis
depend on the dose, the time factor, the animal
species, the age of the individual, the composi-
tion of the diet, and perhaps on other factors.

Fluorosis has been observed to occur in many
parts of the world and has been studied particu-
larly in the United States of America, the
Argentine, Northern Africa (Algeria, Morocco and
Tunis), and in Iceland. Symptoms characteristic
of chronic fluorosis in human beings are reported
from all the continents and from many oceanic
islands.

It appears certain that most cases of fluor-
ine intoxication arise from ingestion through the
gastro-intestinal tract; but gaseous fluorine
compounds may be absorbed through the lungs.
Thus, while most cases of fluorosis are traceable
to the presence of appreciable proportions of
fluorine in drinking water, other cases have been
traced to the absorption of fluorine in factories
where fluoric dust is produced. .Also, in areas
where grazing animals feed near these factories,
they also may be affected. Thus stock grazing
near superphosphate works in France, Germany, and
Italy, and near aluminium plants (using cryolite)
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in Italy, Norway and Switzerland are reported to
have suffered from fluorosis. These alternative
possible sources of intoxication must be borne in

mind when the effect of fluorine in waters is
being studied.

Nevertheless it has to be borne in mind that
the presence of fluorine in water is nct wholly
objectionable, provided that the amount does not
exceed a ssafe limit,. So it appears that fluorine
behaves like many other substances which, although
toxic when taken into the body in appreciable
amounts, are beneficial when much smaller guan-
tities are absorbed. This aspect is discussed
more fully 'in connexion with the attempts being
made to overcome the ravages of dental caries.

The amount of fluorine that suffices to pro-
duce serious effects upon men and animals is so
small that it is necessary to determine the quan-
tities present in suspected sources of fluorosis
in parts per millions One part per million is
the equivalent of only 0.07 grain per imperial
gallon, and yet this small proportion constitutes
a critical level of concentration in water imbibed
by children, Very many analyses of water, al-
though carried out in sufficient detail for the
determination of the other less toxic ions and
radicles in solution, do not show the amount of
fluorine present; and it was therefore necessary
to obtain a set of samples and to have the fluor-
ine content determined for the purpose of this
investigation.,

The Occurrence of Fluorine in Nature

Fluorine is very wldely distributed in rocks,
soils, waters, and in very fany organisms both
animal and vegetable, although generally in small
proportions. The commonest fluorine-bearing
mineral carrying a high proportion is fluorits or
fluorspar, CaFys with 48,9 per cent.. A higher
percentage, 54-4, is present in cryolite,
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3NaF.AlF,, but this mineral is not so common.

The siliéate mineral topaz may carry 20.7 per cent
of fluorine, but it also is comparatively rare.
Many other silicates, such as members of the mica
family (esnecially lepidolite and phlogopite) and
tourmaline, carry very small amounts of fluorine.
Larger proportions are present in the widely-
distributed mineral apatite which is present in
very many rocks, and in all occurrences of phos-
phate rock. In South Austrelian phosphate rock
deposits; of both the calcic and the aluminous
varieties, the fluorine content has been found to
range from 2,2 to 3.4 per cent.(1)

Fluorine is discharged from many volecanic
vents and has been found in relative abundance in
waters of regions where volcanoes are active, as
for example near Naples and in Iceland.

The ocean carries a small proportion of flu-
orine, in amounts rsnging from 0.3 to 0.8 parts
per million in samples taken at different places.

Chemical investigations have shown that flu-
orine is present in very many plants, and that the
range of the provportions carried is extiremely wide.

Hence it follows that fluorine finds its way
into practically all natural waters, whether these
occur on the earth's surface or are stored under-
ground.

The Distribution of Fluorine in South Australian
Underground Waters

In order %o obtain a broad view of the dis-
tribution of the fluorine content of the subter-
ranean waters that have been tapped in many places
over an immnense area within South Australia it was
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(1) Numbers refer to references listed
at end of circular.
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decided to select for testing the waters drawn
from boreholes and springs located in the major
geological units.  Thus the samples analysed were
.drawn from the several artesian basins and in a
few instances from ground water basins. In all
selected places there has been an actual or poten-
tial large draught.

In the Great Artesian Basin, in the north-
eastern sector of the State, sanples were obtained
from the princeipal aquifer of Cretaceous-Jurassic
age, both where an eastern and also a western
source were known from earlier hydrological and
chemical investigations to exist (2); end in ad-
dition from the marginal and suspended basins ad-
joining or overlying the main aquifer. (3)

The analyses of these samples are set out in
the accompanying tables, and the following fea-
tures are revealed by a study of these results, so
far as concerns the fluorine contents of the
watersg-

1. The highest fluorine content by far is that
of the carbonated water of eastern origin in
the principal aquifer of the Great Artesian
Basin, where the average figure for the
boreholes tested is 4.1 parts per million,
and where there is a complete absence of
permanent hardness (Tables I A-C).

2. The sulphated water of western origin in the
same aquifer (Table II) carries a much
smaller proportion of fluorine without ex-
ception, average 0.7 pPopP.Mo The lower

. fluorine content gives further confirmation
of the previously-=known different origin of
the western waters with predominant sul-
phates and the eastern waters with an excess
of carbonates. '

3, The fluorine content of the water in the
marginal and suspended basins bordering upon
or overlying the Great Artesian Basin is low,
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average 1.1 p.p.m., and is comparable with
that of the sulphated water of western
origin in the main aquifer, (Table III).
Here too the fluorine content is consistent
with the other dissolved matter in the water
in indicating an origin distinet from the
water in the main aquifer.

L. The fluorine present in the other artesian
basins where tested (Murray River, Adelaide’
Plainsg, and Walloway), with averages of 0.9,
G.9, and 1.3 p.p.m. respectively, is low
compared with that in the Great Artesian
Basin's main aquifer (Tables IV and V).

5. The ground water basins of Eyre Peninsula
(Uley-Wanilla and Flinders) carry water with
a low fluorine content, average 0.9 p.pPoMo,
(Table V), -

It is noteworthy that the highest fluorine
proportions, in the water of eastern origin drawn
from the main aquifer of the Great Artesian Basin,
are comparable with those recorded in Queensland
rather than in New South Wales, as might have been
expected from the fact that the principal source
of the artesian water is the northern State.

The variability of the fluorine of the deep
artesian water in South Australia cannot yet be
readily explained. The samples that have been
examined fail to show a progressive and consistent
increase of fluorine towards the margin of the
aquifer, although the boreholes at Marree carry
mere fluorine than those at Kopperamanna,
Mungeranie and Mt. Gason. Yet the extreme mar-
ginal springs at Mundowdna, where a concentration
by evaporation might have been expected, are not
so highly charged with fluorine as the borehole
water at Marree, which is only 12 miles away.

In Paralana Hot Spring, near Lake Frome, the
high (5.5 parts per million5 fluorine content may
be due, in part at least, to the leaching of

A
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fluorine by the hot carbonated water from the
shattered gneissic rocks whence the water emerges
on the extreme faulted margin of the basin.

It has been noted by G. W. Bond that in South
Africa only those waters which contain sodium car-
bonate or bicarbonate carry amounts of fluorine
exceeding 1 part per million, and that the fluor-
ine is present as sodium fluoride, since there is
no permanent hardness., (4) Although some South
Australian underground waters, such as those in
the Murray River Basin at Naracoorte and Border-
town, contain slightly more than 1.0 part of flu-
- orine per million, the facts recorded in South
Africa are in accord with those recorded in South
Australia with respect to the water of eastern
origin in the main aquifer of the Great Artesian.
Basin (Tables I A-C). Only one water of western
origin, at Pedirka, is exceptional in this respect
(Table II).

Whether the hot carbonated water of the Great
Artesian Basin has derived its fluorine content
from irregularly-dispersed fluorine-bearing miner-
als cannot be determined from the existing know-
ledge of the aquifer, So far as is now known
there are no phosphatic horizons in the water-
bearing beds, which are regarded as being essen-
tially of lacustrine origin. Nor is there any
knowledge of any Tertiary or post-Tertiary volcan-
ic foci beneath the greater part of the area cov-
ered by the Great Artesian Basin, although there
are places on its eastern margin where volcanic
activity has occurred in comparatively late geo-
Jogical time. Proof has yet to be given of any
genetic relationship between the fluorine in solu-
. tion and these marginal volcanic rocks. It ap-

" pears unreasonable to attribute a magmatic source
tc the fluorine in conformity with the arguments
of those who, despité the abundant evidence to the
contrary, have urged that the artesian water has a
plutonic origin, ‘
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In the suspended aquifers overlying or mar-
ginal to the Great Artesian Basin (Table IT) the
only relatively high fluorine figures are those
relating to the Meteor and Wooltana No. 22 bore-
holes. As regards the Meteor borehonle it is to
be borne in mind that faulting is considered to
have permitted the rise of the deeper water into
a shallow aquifer Tar above the level of the main
aquifer.(5) In regard to the No. 22 borehole on
Wooltana Station it is noteworthy that this is so
close ito the extreme margin of the basin that it
seems possible that water from the lower aquifer
may have caused contamination through upward
leakage by way of the marginal fault.

The Safe Limit of Fluorine in Water
Used by Human Beings and Stock

As a result of investigations in many parts
of the world during recent years it has come to be
accepted that the limiting figure for water that
is used continuously by a community that includes
young children and that is the sole source for
drinking purposes, should be less than 1 part of
fluorine per million. A very low figure (0.7
parts of fluorine ner million) should be specified
as the limit in respect of. localities where clima-
tic conditions cause increased body losses so that
- exceptional -amounts are imbibed. Adults can use
water with a somewhat higher fluorine content, for
a time at least, without suffering ill effects;
but are apt to show a mottling of the enamel of .
their teeth if the fluorine content rises to 1.5
parts per million, and more marked signs as the
. proportion of fluorine rises,

It should be remembered always that concen-
tratien takes place if the water suffers evapora-
tion by exposure to the sun in a tank, trough, or
channel, or by cooking, so that a harmless water

may be rendered toxic.
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Serious dental fluorosis has been observed at
the townships of Julia Creek and Thargomindah in
Queensland where the water carries 2.4 and 3 parts
per million respectively, and in many other indi-
vidual localities where higher proportions exist.
Where the figures rise to 5 parts per milliion the
teeth of young children who have no alternative
source of water are affected very seriously indeed.

It has been found that in the United States
of America there are localities in which there is
an inverse relationship between fluorine concen-
tration (up to 0.9 or 1.2 parts per million) and
the incidence of dental caries, as determined by
the examination of many hundreds of children who
have imbibed fluorine-bearing water continuously
for their first 8 years., Hence sodium fluoride
has been added to some waters that are naturally
deficient in fluorine. There is considered to be
no danger of the retention of fluorine in osseous
tissue if the concentration is kept under close
control, since the human body is able to dispose,
by normal excretory processes, of larger quan-
tities than are required to place a check on den-
tal caries. As an alternative to the addition of
sodium fluoride to the water supply, recommen-
dations have been made in America for the direct
application of this compound to the teeth, by
weekly treatment of children from the age of 3 to
give protection to the early teeth and again at
the ages of 7, 10 and 13 to protect the later
teeth. Lengthy and widespread observation is
required before safe conclusions can be drawn from
these concerted efforts to reduce the incidence of
caries, since there is a small proportion in most
communities that exhibits natural immunity to
caries, and diet (particularly the consumption of
sweet carbohydrate foods) has an undoubted effect.

‘ So far as stock are concerned the effect of
fluorine in water is similar, and young animals
are most readily affected. This matter has been

examined, with experimental supgort by
Dr. A. W. Peirce of the Animal Heallh and
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Nutrition division of the Council for Scientific
and Industrial Research, with results set out in
his paper on "Chronic Fluorine Intoxication in
"Domestio’ Animale", which appeared in ‘Nutrition
Abstraots and Reviews®, Vol. 9, 1939-1940.

Further experiments on sheep using drinking
water with known proportions of fluorine, rising
to 20 parts per million, are still in progress.
The teeth of the sheep drinking water with 10
parts per million are very clearly affected, but
during 3 years of observation there has been no
significant difference in the mean wool production.

It would seem that stock are less susceptible
. than human beings to water that is sufficiently
high in fluorine content to affect the latter, but
much more information is required before safe
limits can be drawn. Hitherto no evidence has
been seen by the veterinary branch of the South
Australiaen Department of Agriculture of any fluor-
osis in the stock of this State.

Corrective Measures Designed to Prevent Fluorosis

: The most obvious way of avoiding fluorosis in

stock - to refrain from the use of the tainted
water - is in many cases impracticable, on account
of the unreliability of rainfall that is low over
a considerable part of the Australiaen continent,
and where occupation by the pastoralist depends
largely upon the use of artesian water by the
stock, Even where every advantage is taken of
temporary surface supplies, there are long periods
when no alternatives to the artesian water exist.
It is not possible to indicate any feasidble treat-
ment of bore water in sufficient quantities to
satisfy the needs of large flocks and herds. - Yet
it is advisable to adopt every possible measure to
avoid concentration by eveporation.

In considering human beings stress must be

placed on the need to conserve, for drinking and
cooking purposes, every gallon of water obtainsble
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from roof catechments.

Several attempts have been made, especially
in Queensland, to devise methods of extracting
the fluorides present in the artesian water or,
at least; to reduce them to a point below the
toxic level.

The most:promising method so far tried out in
- Queensland would seem to be treatment of the water
by percolatioh through degelatinised bone, and re-
generating the spent bone by boiling in dilute
caustic soda soclution and. then washing out the
alkali, Neutralization of the alkali with hydro-
chloric acid or an agueous solution of carbonic
acid might be necessary.

Aluminium sulphate precipitation with sub-
sequent alkall treatment has been found to be un-
gsuccessful in some instances. Hydrated aluminium
oxide has been used in Canada and success for the
method has been claimed. Activated carbon has
been regarded as impracticable for reasons of
cost, The lime-soda treatment was found to show
promise but was expensive and needed skilled
supervision,

A South African authority, G. W. Bongd,
writing in 1946, was inclined to think that treat-
ment of the water by synthetic resins was the most
promising curative measure, the removal of both
cations and anions being affected by these
'‘organic zeolites', but stated that the process
was not then fully developed. ~This matter is
being further investigated.
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TABLE TA.

_ GREAT ARTESIAN
MAIN AQUIFER - WATER OF EASTERN ORIGIN

BASIN

3.2

Sampl Two-mile "Station @ Railway Northern ©Eastern Southern Callanna Lake Billy Marian
Anal b g Spring Spring Borehole Rorehole Borehole Borehole Borehole Borehole Borehole
alyse Mundowdna Mundowdna Marree  Marree Marree Marree Mundowdna
Date of Analysis 23/12/48  23/12/48 26/10/48 23/12/48 23/12/48 23/12/4L8 23/12/48 23/12/48 23/12/48
IONS AND RADICLES
(Grains per gall.)
Chlorine, Cl. 53,85 65. 65 78.05 215,25 45,50 60,00 27.90 103.46 17.50
- Sulphuric acid, SO}+ o 1.24 nil 0. L45 18.23 0.16 . 0.16 nil 18.48 nil
- Carbonic acid, GOj 32,55 32,85 33,00 26.25 35.70 - 36.L5 37+ 95 19.80 34.80
Sodium, Na 59,97 . 66. 61 73. 34 152,80 - 55,46 65,28 L6.78 87.28 37.82
Calcium, Ca 0.29 0.36 0.86  6.43 0,50 0.54 0,29 3432 0.11
Magnesium, Mg 0,09 0. 39 0. 96 L, 39 0.49 0.55 0. 0L 0,02 0.04L
Total Saline Matter 147.99 “165.86 186. 66 1123, 35 137,81 162,98 112,965 232,36 90,27
ASSUMED COMPOSITION
OF SALTS
(Grains per gall.) ) _ '
Calcium carbonate 0.72 0,90 2.15 16,06 1.25 1. 35 0.72 8.29 0.27
Magnesium carbonate 0. 31 1.35 3. 33 15,22 1.70 1N 0.1 0,07 0s14
Sodium carbonate 56435 55, 38 51.83 10,23 59, 60 60.56 66,10 26011 61,01
Sodium sulphate 1,83 nil 0. 67 26.96 0.24 0.24 nil 27.33 nil
Sodium chloride 88,78 108,23 128, 68 354,88 75,02 98,92 L 6,00 170.56 28,85
HARDNESS
(English degrees)
- Total - 1,09 2,50 6.10 313 3,27 3. 61 0,88 8, 37 0.43
- Temporary 1.09 2,50 610 3413 3,27 3. 61 0.88 8. 37 0.L43
Permanent nil nil nil nil nil nil nil nil nil P
-Due to calcium 0. 72 0. 90 2.15° 16,06 1.25 1.35 0,72 80,29 0.27 .-
. Due to magnesium 0. 37 1060 3. 95 18,07 2,02 2.26 0.16 0,08 0.16 .7
pH value 8.4 7.9 7.8 7.8 7.9 7.8 8.1 7.5 7.8
FLUORINE e
(FParts per million) ° 3.2 3,2 4,0 L0 o0 2. L - 4,0




TABLE IB
GREAT ARTESTAN BASIN

MAIN AQUIFER = WATER OF EASTERN ORIGIN

sample Lake Clayton Sinclair Peter's Station - Big Crow's Dulkan- New
Analysed Harry Borehole Borehole Camp Borehole Borehole Nest inna Kopper-
Borehole Mundowdna Borehole Lake -Lake Borehole Bore- amanna
Lake Letty Letty Lake hole Bore-
Letty Letty hole
Date of analysis 23/12/48 23/12/L8  17/2/49 13/L/49 23/12/L8  23/12/48 23/12/L8  17/2/49  6/4/L9
IONS AND RADICLES
(Grains per gall.) 3
Chlorine, C1l. 18.50 12.00 10.83 14.07 - 16.20 17.45 21.25 8.13 10.22
Sulphuric acid, §0) nil 0.L5 nil 0.21 0.45 nil 0.12 nil 0.41
Carbonic acid, CO3 34.95 33,00 30. 30 35,40 37.20 36075 38.70 29.55 27.00
Sodium, Na 38. 36 32.68 30.25 36021 39.17 39,40 43,30 27.59 26071
Calcium, Ca 0.36 0.21 nil 0.07 nil 0.04 nil 0.29 0.50
Magnesium, Mg 0,01 0.20 nil 0,04 0,04 0,02 0.11 nil 0,13
Total Saline Matter 92,18 78.54 71438 86.00 93,06 93, 66 103.48 65.56 6L.97
ASSUMED COMPOSITION
OF SALTS
(¢rains per gall.)
Calcium carbonate 0.90 0.52 0,17 nil 0,10 nil 0.72 1.25
Magnesium carbonate 0.03 0. 69 0.14 0.14 0.07 0. 38 0.45
Sodium carbonate 60.75 56,88 53.53 62,18 65. 54 6l 72 67.89 51.44 45,84
Sodium sulphate nil 0,67 nil 0, 31 0.67 nil 0.18 nil 0. 61
Sodium chloride 30. 50 19.78 17.85 23,20 26671 28.77 35,03 13,40 16.85
HARDNESS
(English degrees)
Total 0.94 1.34 nil 0.33 0.16 0.18 0.45 1.19 1.79
Temporary 0.94 1.34L 0. 33 0.16 0.18 0.L45 1.19 1.79
Permanent nil nil nil nil nil nil nil nil
Due to calcium 0.90 0.52 0.17 nil 0.10 nil 1.19 1.25
Due to magnesium 0. 04 0.82 0.16 0.16 0,08 0.45 nil 0.54
pH value 7.8 8.1 709 8.1 800 8.1 8.1 706 706
FLUORINE _ ,
(Parts per m11110n) Loy L4.,0 L.0 4e0 3.6 L.0O 4.0 4.0 2,2




TABLE IC
GREAT ARTESIAN BASIN
MAIN AQUIFER - WATER OF EASTERN ORIGIN

‘Sample ' Mungeranie Mt. Gason Arboola Culberta Paralana Murnpeowie Quartpot
Analysed Borehole Borehole Borehole Borehole Hot Spring Borehole Borehole
' Quinyambie Quinyambie Wooltana : Murnpeowie
Date of analysis 26/10/48 - 26/10/48 21/10/u8 22/10/48 22/10/L8 - 23/12/48 28/2/49
IONS AND RADICLES
(Grains per gall.)
Chlorine, C1. 5,35 L4.80 28,49 40, 30 25434 14.28 31,55
Sulphuric acid, 80), 1.73 1036 nil 0.23 11,00 1ol
Carbonic acid, CO3 23,70 23,25 40, 95 L2.20 9,87 32.55 22,35
Sodium, Na 22,31 21,42 49,41 56623 23,53 3L, 74
Calcium, Ca 0.14 O.14 0,20 0.L40 3,00 nil
Magnesium, Mg nil nil Ce12 1.01 1.22 0,08
Total Saline Matter 53.23 50, 97 119.17 1404 37 73696 83.06
ASSUMED COMPOSITION -
OF SALTS
(Grains per gall.)
Calcium carbonate 0. 35 0035 0.50 1,00 7.49 nil
Magnesium carbonate : O. 42 3. 50 4.23 0.28
Sodium carbonate - L41.50 Lo, 70 71.28 69,09 L.19 57.15
Sodium sulphate 2.56 2.01 nil 0.34 16.27 2,09
Sodium chloride 8.82 el 46.97 660 1k 41.78 - 23.54L
HARDNESS
(English degrees)
Total : 0. 35 0.35 0.99 5.16 12.51 0.33
Temporary ’ O. 35 O. 35 0, 99 501 6 120 51 O. 33
Permanent nil nil nil nil nil nil
Due to calcium 0.35 0,35 0.50 1,00 7.49 nil
Due to magnesium nil nil 0.49 " l4.16 5.02 - 0.33
pH value 7.8 8.1 7.9 7.9 8.2 7.6 7.2
FLUORINE :
(Parts per million 2.4 2.6 3.8 13.5 5.5 3.6 3.6




TABLE II

GREAT ARTESIAN BASIN
WATER OF WESTERN ORIGIN

Sample Alberga Abminga Pedirka Oodnadatta Hockington  Peake Mt. Kingston Neill's N. Well
Analysed Borehole Borehole Borehole Borehole Borehole Borehole Borehole Water Kingoonya
Mt. Dutton Bulgunnia
Date of analysis 27/10/48 26/10/L8 27/10/L8  26/10/L8 20/1/49 20/1/49 20/1/L9 6/L/49 26/10/u8
IONS AND RADICLES
(Grains per gallon)
Chlorine, Cl. 48,07 38,43 35,70 50,82 67,38 68, 60 8L. 35 121.45 43,52
Sulphuric acid, SOM 26.99 15. 31 15, 34 22,30 %6.87 21.97 1.98 40,20 11.48
Carbonic acid, GO 9.45 4.50 5.70 9. 90 11,30 11.60 23,10 5.25 8. 40
Sodium, Na 443,35 24,55 25,21 L1.56 58.8L 59. 64 72.68 58.70 25.43
Calecium, Ca 5.15 5.50 .15 4.86 7. 51 2,86 0,21 19,44 6,50
Magnesium, Mg 1,71 2.56 2,58 2,16 1.35 0.52 0.24L 11.12 3.85
Total saline matter 134.12 90, 85 88. 65 131.60 183,25 165,19 182.56 256416 99.18
ASSUMED COMPOSITION
OF SALTS
(Grains per gallon) '
Calecium carbonate 12,86 7«51 9. 51 12.14 18.75 7.4 0.52 8.76 14, 01
Calcium sulphate 8,46 1.16 54,11 3.02
Magnesium carbonate 2.45 3.68 0,08 1,80 0.83 _
Magnesium sulphate 1.98 11,70 12,77 5.U45 6.58 2.53 11.72
Magnesium chloride 0.78 L1.55 5.80 -
Sodium carbonate 10,67 39,22 ’ o
Sodium sulphate 37.58 6.36 26.55 L6,76 32,49 2,93 :
Sodium chloride 79.25 62,40 58,85 83,78 111.08 113,09 139,06 149,21 6li. 63
HARDNESS
(English degrees)
Total 17,43 2L.27 20,98 21,03 2L, 30 9.23 1451 oL, 30 32,07
Temporary 15.78 751 9. 51 16.50 18.83 9,28 1.51 8.76 14,01
Permanent 1.65 16,76 11,47 L.53 5.47 nil "nil 85.54L 18,06
Due to calecium 12.86 13.73 10, 36 12,14 18.75 7.4 0.52 48.54 16.23
Due to magnesium 4.57 10, 5L 10, 62 8,89 5.55 2.1 0.99 45,76 _15.8L
pH value 8,2 7.1 8.0 7.6 701 7.0 6.8 7.3 T7:6.
FLUORINE (Pts./mill,) 0.5 0.8 1.6 0.7 0.6 0.8 O.L 0.5 0.5




TABLE ITI
GREAT ARTESIAN BASIN
WATERS OF SUSPENDED AND MARGINAL BASINS

Sample ' Homestead Cordillo Bull's Hole Meteor Wooltana No. © No. 22 No. 27
Analysed . Well . Downs Borehole Borehole. Station Borehole Borehole Borehole
Cordillo Borehole Borehole Wooltana Wooltana Wooltana
Downs .

Date of analysis 28/2/L9  28/2/49 28/2/49 23/12/4L8 22/10/L8 22/10/L8 22/10/48 22/10/48

IONS AND RADICLES(Grains per gallon) :
80.15 228,20 .14 13430 48, 60 22,40 37,80

Chlorine, Cl 15. 65 , ‘
Sulphuric acid, SOH 0.L5 36.17 . 75,92 : 0,20 6.16 36,81 17.11 10,43
Carbonic acid, CO4 18,15 11,70 5.85 35,49 11034 14,05 15435 8.60
Sodium, Na 17.44 60.39 = . 108.23 36032 8,86 30, 97 22,34 21.11
Calcium, Ca 3.93% . 98,01 L5.45 nil .70 6,10 5.40 7.50
Magnesium, Mg 1.25. 3,98 . 15,05 ‘ 0,08 - %.18 11.60 3.15 3037
Total saline matter 56.,8L 201,40 L78,70 86.23 L7.54 148.13 85.75 88,81
ASSUMED COMPOSITION OF SALTS '
(Grains per gsllon) , : :

Calcium carbonate ‘ . 9. 81 19,51 9,76 nil 1.7 15.23 13,48 14, 3L
Calcium sulphate - 4,08 107.59 ' . 5.98
Calcium chloride 27.33 ' ‘ :

Magnesium carbonate L, 3% ' 0.28 6. 0L 6091 10022 4 _
Magnesium sulphate 19,70 7.13 L6.13 0,99 . 7.78
Magnesium chloride 58,93 1,14 7.05
Sodium carbonate : 16,23 : - : 62. 3L ' :

Sodium sulphate 0,67 25,98 v 0.30 0.70 2L .13

Sodium chloride 25,80 132,13 275.09 2%. 31 21.93 78.72 36.93% 53,66 -
HARDNESS (English degrees) o : e ' '

Total ' : 14,95 38,89  175.41 0,33 - 24,83 62,97 260 L4 32,60
Temporary " 14,95 19.51 . 9.76 - 0,33 - 18,90 23,42 25,62 14, 34
Permanent: ) nil 19, 38 165.65 nil - . 5.93 39,55 0.82 18.26
Due to caleium - 9, 84 22,51 113,48 S nil 11,74 15,23 13,48 18,73 .
Due to magnesium 5.14 16038 61,93 0.33 '13.09  U7.74 12.96 13,87
PH value 7.5 ) 8.1 7.6 . Te3 - . 8.2 8.3 8.1

FLUORINE (Parts per million) - . 0.4 . 0.5 : 1.3 . 1.8  0.5. 0.9 2,2 101




TABLE IV

MURRAY RIVER ARTESIAN BASIN

ADELAIDE PLAINS ARTESIAN BASIN

Sample Blue Lake Government Government Railways Government {C.R.Pearson's A. Smith's F.L. Klar's
Analysed Mt. Gambier Borehole Borehole Borehole Borehole [ Borehole Borehole Rorehole
Naracoorte Bordertown Tintinara Pinnaroo Sec. 101 Sec. 413 Sec. 436
, I Adelaide Yatala Yatala
Date of analysis 22/10/4L8 25/10/4L48 25/10/48  20/10/48 22/10/48 § 21/10/48 21/10/48 21/10/L,8
IONS AND RADICIES T
(Grains per gallon) : ‘
Chlorine, Cl 7.55 34,83 6L. 93 28,70 15.75 16.95 25,55 21.95
Sulphuric acid, S0 -~ 0.29 10,86 11.69 . 5.84 6.63 . ! L. 32 6. 3L 6.83
Carbonic acid, CO 765 13.50 15.75 12,75 10,20 | 154 30 10, 35 "11.85
Sodium, Na 6409 27.49 35.23 26.78 13.36 ! 14,70 16.18 14.94
Calcium, Ca 1. 86 3.57 8.36 1.14 3.86 i 3,50 3. 72 L.29
MagneSiqu Mg 10)42 30L|-7 7o 91 106&— . 1.81 § 3021 3»76 3056
Total saline matter 24,86 93%.72 143,87 76.85 - 51.61 ! 57.98 656 90 63.42
ASSUMED COMPOSITION §
OF SALTS ;
(Grains per gallon) §
Calcium carbonate L. 64 8.91 20,88 2.85 9, 6L | 8.74L 9,29 10,71
Magnesium carbonate L. 92 11.47 Lo 54 5.69 6.21 i 11.13 6.72 7.63
Magnesium sulphate 0.79 144 65 0.10 | 7.95 6073
Magnesium chloride 14.25 j 0,82
Sodium carbonate 2.42 ~ 12,35 ; 3,78 ‘
Sodium sulphate 0.43 15,13 8. 64 9. 69 ; 6+ 39 2,16
Sodium chloride 12.45 57.42 89,55 L7, 32 25,97 : 27.94 L1.12 36.19
HARDNESS | § |
(English degrees) *
Total : 10.48 23%.19 53.43 9+ 60 17.09 21.95 2L.76 25036
Temporary 10.48 22.53% 26.27 9. 60 17.01 21,95 17.27 19.76
Permanent nil 0.66 27.16 nil 0. 08 nil 7.49 5. 60
Due to calcium L. 6L 8.91 20,88 2.85 9. 64 8.7L 9,29 10,71
Due to magnesium 5.84 14.28 32055 675 7.45 13,21 15.47 14. 65
pH value 706 705 702 801 707 706 8°ﬂ 797
FLUORINE .
(Parts per million) 0.3 1,2 1.1 049 0.8 1,0 0.7 1.1




TABLE V

WALLOWAY PLAINS ARTESIAN L.ASIN GROUND WATERS
Sample Govern-— Brice's Bright's {{Sliding Sliding Fountain Fountain No. 1 No. 2 Pumping
Analysed ment Borehole Borehole Rock Rock Springs Springs Borehole Borehole Trenoch
Borehole Sec. 68 Sec, 88 Borehole Borehole Wanilla Wanilla Uley- Uley- Streaky
Pekina Walloway Walloway A, B, Wanilla Wanilla Bay
Date of analysis 27/10/L8 25/10/L8 25/10/u48 | 25/10/L8 25/10/L8 24/10/48 27/10/4L8 241/10/4L8 21/10/L8 26/10/L48
IONS AND RADICLES
(Grains per gallon)
Chlorine, Cl L5, 62 L2,53 L3.23 26.88 29,96 9.15 9.75 7.74 7.84L 18097
Sulphuric acid, sou 20,74 20,16 21.77 17,94 16.01 2,35 1. 60 1.89 1.85 2.18
Carbonic acid, CO3 13.50 13. 65 13.65 | 16.65 16.50 9.75 9.75 7.65 8.25 10.95
Sodium, Na 29,21 27.79 29,10 | 17.55 18.94 L., 92 5060 L.66 5,41 10.09
.Calcium, Ca © 5.36 L.93 L.79 9. 36 9.15 5.15 Lo 57 2.36 2.57 765
Magnesium, Mg 7. 67 7.54 7.58 555 5.4l 1.97 1.97 2,34 2,08 151
Total saline matter 122,10 116,60 120,12 93%.93% 96,00 33.29 33.24 26064 28.00 51035
ASSUMED COMPOSITION '
OF SALTS
(Grains per gallon) \
Calcium carbonate 13.38 12. 31 11.96 23.37 22,85 12.86 11,41 5.89 6.42 18.26
Magnesium carbonate 7.70 8. 81 9,11 3. 71 3.93% 2.87 L, 09 5.79 6.18
Calcium sulphate ' ' 1.96
Magnesium sulphate 25.99 24,75 24,50 22,18 20,06 2,95 2,01 2.37 1.49 - 1.70
Magnesium chloride 0.78 ‘ 1.02 2,11 1.49 0.74 L.58
Sodium sulphate 0. 61 3.28 0. 35 0,98
Sodium chloride 74,25 70,12 71.27 Ll 32 L8.14 12,50 14,24 11.85 12,93 25,65
HARDNESS
(English degrees) ! :
Total L, 95 43,33 L3.15 " L6.20 L5.24 20.97 19,52 15,52 14,98 25,32
Temporary 22,52 22,76 22,78 27.77 27.50 16.28 16,27 12,76 13.75 18.26
Permanent 22.43 20,57 20, 37 18.43 17. 7L L.69 3.25 2.76 1,23 7.06
Due to calcium 13,38 12,31 14.96 23,37 22,85 12,86 11.44 5.89 6.42 19.11
Due to magnesium 31,57 31,02 31,19 22,8% 22,39 8,11 8.11 | 9,63 8,56 6o 21
pH value : 7.2 7.5 yoan 71 7.2 8.6 8.2 8.1 8.1 T3
FLUORINE ' .
(Parts per million) 1.5 1.9 - 1.3 0.5 - 0el 0.8 0.8 0.9 0.9 0.5
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