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Ao General statcment

It hes been found, within comparstively recent years, that
certein characteristic symptoms exhibited by both human beings and
domestic animels are due to chronic fluorine intoxication. These
symptoms include dental sbnormalities snd, where the fluorosis is more
Serious, osteosclerosis (eSpec1ally of cancellous bones). The dental
chenges are seen not only in 'mottled ensmel', which is an affection in
which the teeth become chselky,.opaque and discoloured, but also in the
malformation of the teeth in size, shspe snd position. . These symptoms
of chronic fluorods depend on the dose, the time fsctor, the snimal
species, the asge of the individual, the composition of the diet, and
perhgps on other factors.

Fluorosis has been observed to occur in many parts of the world
end hes been studied particulsrly in the United States of America, the
‘Argentine, Northern Africs (Algeris, bMorocco end Tunis), and in Iccl nd.
Symptoms characteristic of chronic fluorosis in human beings are reported
from a1l the continents snd from msny ocesnic islands.

It appesrs certain that most cases of fluorine intoxication arise

from ingestion through the gastro-intestinal tract; but gaseous fluorine
. compounds mey be absorbed through the lungs. Thus, while most cases of

Tluorosis ere traceable to the presence of apprecisble proportions of
fluorine in drinking water, other cases have been traced to the sbsorption
of fluorine in factories where fluoric dust is produced, Also, in saress
where greazing enimals feed near these factories they may be affected.
Thus stock grezing near superphosphete works in France, Germany, and Italy,
and near aluminium plants %u81ng cryolite) in Itely, Norwey and Switzerland
are reported to have suffered from fluorosis. These alternative possible
sources of intoxXicaetion must be borne in mind when the effect of fluorine
in weters is being studied.

Nevertheless it has‘to be borne in mind that the presence of
Tluorine in water is not wholly objectionable, provided that the smount
does not exceed a ssfe limit, - So it appears that fluorine behsaves like
many other substances which, slthough toxic -when taken into the bedy in
sppreciable amounts, are beneficial when much smsller gquentities are
sbsarbed. This sspect is discussed more fully later in connexion with
the attempts being made to overcome the revages of dentasl caries.

As will be seen in a leter part of this report the amount of
fluorine that suffices to produce serious effects upon men and animsls is
so. smell that it is necessary to determine the quentities present in
suspeccted sources of fluorosis in parts per million. One pert per million
is the equivelent of only 0.07 grain per imperiesl gellon, and yet this smsll
proportion constitutes s criticsl level of concentration in water imbibed
by children, s is explained below. Very many analyses of water, slthough
carried out in sufficient detail for the determinstion of the other less
toxic ions and rsdicles in solution, do not show the smount of fluorine
present; and it was therefore necessary to obtsin a set of samples =nd to
have the fluorine content determined for the purpose of this investigation.

B: The occurrence of fluorine in nature.

Fluorine is very widely distributed in rocks, soils, watcrs, =nd in
very meny orgenisms both snimal and vegetable, although generelly in susll
proportions. The commonest fluorine-bearing mineral cerrying & high
proportion is fluorite or fluorspar, CeFo, with 48.9 per cent. A higher
psrcentege, 5h4.lL4, 1s present in cryolite, 3NaF. AIF3, but this minersl is not
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SO common, The silicate mineral topaz may carry 20.7 per cent of
fluorine, but it slso is comparetively rare. Many ‘other silicestes

such as members of the mice family (eSpec1ally lepidolite and phlo"o-
pite) end tourmaline, carry very small amounts of fluorine. Larger
proportions ere present in the widely-distributed minecral apetite which
is present in very many rocks, and in all occurrences of phosphate rock.
In South Austrslien phosphate rock deposits, of both the calcic and the
aluminous varieties, the fluorine conteznt has been found to renge from’
2.2 to 3.4 per cent (vide S.A. Geol. Survey Bulletin No. 7, pp: 32-33).

Fluorine is dlscherged from many volcenic vents and has been
found in reletive sbundance in waters of regions where volcanoes are
sctive, as for exsmple nesr Nsples end in Iceland.

The ocean carries s smwoll proportion of fluorine, in smounts
ranging from 0.3 to 0.8 parts pcr mllllon in samples token at different
places.

Chemical inveutications'have shown that fluorine is present in
very many plants, and that the range of the propartlons carried is
extrecmely wide.

Hence it follows that fluorine finds its way into prectically
all natursl waters, whether these occur on the earth's surface or asre
stored underground.

C. The Distribution of Fluorine in South Australian
Underground Waters.

In order to obtain a brosd view of the distribution of the
fluorine content of the subterrsnesn wsters that have been topped in
many places over gnh immense area within South Austrslis it was decided
to select for testing the wsters drawn from boreholes snd springs
located in the major geological units. = Thus the samples analysed were
" drawn from the seversl artesian basins snd in s few cases from ground
water basins. In a8ll selected cases there has been sn actusl or
potentisl lerge drsught.

In the case of the Grest Artesisn Basin, in the north-eastern
sector of the State, samples werc obtsined from the principal aquifer
- of Crataceous-dJurassic age, both where sn eastern sand slso a western
source were known from esrlier hydrological and chemicsgl investigations
to exist (vide Bulletin No, 23, G.S.S.A. p. 60); end in addition from
the merginsl ond suspended basins adjoining or overlying the main squifer
(v1dc Bulletin No, 23, G.S.S.A. Plate II).

: The analyses of these samples are set out in the sccompenying
tables, and the following features sre revealed by a study of these
results, so far as concerns the fluorine contents of the weters:-

1. The highest fluorine content by far is that of the carbonated
water of eastern origin in the principsl asquifer of the Great
Artcsien Bssin, where the averasge figure for the boreholes tested
is 4.1 parts per million, and where there is a complete absence
of permanent hardness (vide Tables I. - A=C)..

2. The sulphated wster of western origin in the same aquifer (vige
Table II) carries s much smsller proportion of fluorine without
exception, saverage 0.7 p.p.m. The lower fluorine content gives
further confirmation of the previously-known different origin of
the western waters with predominant sulphates and the eastern-
waters with an excess of carbonates.
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3. The fluorine content of the wster in the marginal snd Suspended
basins bordering upon or overlying the Grest Artesisn Basin is
low, average 1.1 p.p.m., and is compsrable with that of the
sulphated water of western origin in the main squifer., (vide
Table III). Here too the fluorine content is consistent with
the other dissolved mstter in the water in indicating an origin
distinct from the water in the main aquifer. '

lis The fluorine present in the other artesian basins where tested
(Murray River, Adelside Plains,; and Wallowsy), with averages of
0.9, 0.9, end 1.3 p.p.m. respectively, is low compared with that
iy the Grest Artesian Basin's main squifer (vide Tables IV and
V).

5. The ground water bssins of Eyre Peninsules (Uley-Wanills and
TFlinders) carry water with & low fluorine content, sverage 0.9
p.b.m. , (vide Table V).

It is noteworthy that the highest fluorine proportions, in the
water of eastern origin drawn from the msin aquifer of the Grest Artecien
Basin, ere comparable with those recorded in Quecnsland rather thon in
‘New South Waoles, =25 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 srtesisn water in
South Australias cannot yet be readily explained. The samples that
have been exasmined fall to show a progressive and consistent increeose
of fluorine towards the margin of the aquifer, although the borcholes
et Marrec carry more fluorine than those at Koppersmsnna, Mungersnie ond
tit. Gason. . Yet the extreme marginsl springs =2t Mundowdna, where a
concentration by eveporsation might have been expected, are not so highly
charged with fluorine ss the borehole water st Masrree, which is only 12

miles away.

In the cese of Paralana Hot Spring, near Lake Frome, the high
(5.5 perts per million) fluorine content may be due, in part at lesst,
to the leaching of fluorine by the hot carbonated water from the
shattered gneissic rocks whence the water emerges on the extrcme
faulted margin of the bssin.

It has beén noted by G.W. Bond that in South Africa only those
waters which contain sodium casrbonste or bicarbonaste carry asmounts of .
fluorine cxceeding 1 psart per million, and that the fluorine is prescnt
es sodium fluoride, since there is no permsnent hsrdness (vide Geol,
Survey Memoir No. L1, "A geochemical survey of the underground water
.supplies of the Union of South Africe™, pp. 43 =nd 171). Although
some South Austraslisan underground waters, such as those in the kurray
River Besin at Naracoorte and Bordertown, contein slightly more than 1
part of fluorine per million, the facts recorded in South Africa are
in harmony with those recorded in South Austrelis with respect to the
water of eastern origin in the mein aquifer of the Great Artesian
Basin (vide Tables I A~C). Only one water of western origin, at
_ Pedirkas, is exceptionsl in this respect. (vide Tsble II).

Whether the hot cerbonsted water of the Great Artesisn Basin
has derived its fluorine content from irregularly=-dispersc¢d fluorine-
bearing minerels in the aquifer csnnot be determined from the existing
knowledge about the aquifer, 8o far ss is now known there are no
phosphatic horizons in the water-bearing beds, which sre regarded as
being essentislly of lscustrine origin. Nor is there any knowledge
nT any Tertisry or post-Tertisry volcanic foci beneath the greater port
nf the eres covered by the Great Artesien Basin, although there are
plsces on its eastern mergin where volcanic activity has occurred in
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comparatively late geological time. Proof hss yet to be given of
any genetic relstionship between the fluorine in solution and these
marginsl volcanic rocks. To the writer it sppears unreassonsble to
attribute a magmatic source to the fluorine in conforwmity with the
srguments of those who, despite the sbundant evidence to the contrary,
have urged thet the srtesisn water hss a plutonic origin.

In the csse of the suspended aquifers overlying or marginal
to the Great Artesien Basin (vide Tsble II) the only relatively high
fluorine figures are those releting to the Meteor and Wooltsna No, 22
boreholes. As regesrds the Meteor borehole it is to be borne in mind-
that faulting is considered to have permitted the rise of the deeper
water into a shallow aquifer far gbove the level of the main aquifer
(vide Geol. Survey S.A. Bulletin No. 14, Plste III, section G-G).

In regard to the No. 22 borehole on Wooltana Station it is noteworthy
that this borehole is so close to the extreme margin of the basin that
it scems possible that water from the lower aquifer may have causcd
contamination through upward leskage by way of the marginal fault.

D. The safe 1limit of fluorine in water used by humsn beings
and stock.

As & result of investigstions 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 o community thet includes young
-children snd that is the sole source for drinking purposes, should be
less then 1 part of fluorine per million. A very low figure (0.7 psrts
of fluosrine psr wmillion) should be specified 2s the limit in respect of
locelities where climatic conditions cause incressed body losses s> that
exceptional emounts are imbibed. Adults can use water with & somewhat
higher fluorine content, for & time at least, withovt suffering ill
effects; but are apt to show s mottling of the enamcl of their teeth if
the fluorine content rises to 1.5 perts per million, and more marked
signs as the proportion of flucrine rises.

It is to be remembered always that concentrstion takes place
if the water suffers eveporation by exposure to the sun's rays in =
tank, trough, or channel, or by cooking, so thet a hamnless water may
thus be rendered toxic. : ‘

Serious dentsl fluorosis hsas been observed st the townships
of Julis Creek snd Thargomindsh in Queenslend where the water carries
2.4 and 3 parts per million respectively, and in meny other individual
localities where higher proportions exist, Where the figures rise to
5 parts per million the teeth of young children who heve no alternetive
source o@,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
concentration (up to 0.9 or 1.2 parts per million) and the incidence of
dental caries, as determined by the examinstion of meny hundreds of
children who hseve imbibed fluorine-besring wster continuously for their
first 8 years. Hence sodium fluoride has been added to some waters that
are naturslly deficient in flucrine., Tnere is considered to be no danger
of the retention of fluorine in osseous tissue if the concentrstion is
kept under close control, since the humsn body is able to dispose; by
normal excretory processes, of lsrger guantities then sre required to
ploce & check on dental cearies. As an alternative to the eddition of
soiium fluoride to the weter supply, recommendations have been made in
America for the direct applicstion of this compound to the teeth, by
weekly treatment of children from the age of 3 to give protection to
the garly teeth snd agein et the ages of 7, 10 and 13 to protect the
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lster teeth. Lengthy snd widespread observation is required beforec
safe conclusions cen be drswn from these concerted efforts to reduce
the incidence of caries, since there is a smgll proportion in most
commnities that exhibits natursl immunity to ceries, and diet
(particularly the consumption of sweet carbohydrate foods) has an
undoubted effect.

So far ss stock sre concerned the effect of fluorine in water
are similar, and young animals are most resdily sffected. This matter
hes been ecxamined, with experimentsl support, by Dr., A W, Peirce of
the Animal Health end Nutrition division of the Council for Scicentific
and Industrisl Research, with results set out in his psper on “Chronic
Fluorine Intoxicetion in 'Domestic' Animals", which sppeared in
'Nutrition Abstrects and Reviews', Vol. 9, 1939-1940,

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

It would seem that stock sre 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 ssfe limits can
be drawn. Hitherto no evidence has been seen by the veterinary branch-
of the South Australian Dcpartment of Agriculture of any fluorosis in
the stock of this State.

E. Correcctive messures designed to prevent fluorosis.

The most obvious way of avoiding fluorocsis in stock - to
-refrain from the use of the tainted water - is in many cases impractic— .
able, on sccount of the unrelisbility of rsinfell that is low over o
considerable part of the Australian continent where occupation by the
pastoralist depends largely upon the use of artesisn water by the stock.
Even where every advantage is taken of the existence of temporary
surfece supplies, there are long periods when no elternstives to the
artesisn water exist, It is not possible to indicate any feasible
treatment of bore water in sufficient guentities to setisfy the needs
of lerge flocks snd herds. Yet it is advisable to adopt every possible
measure to avoid concentration by cvsporation.

In the case of humen beings stress must be placed on the need
to conserve, for drinking snd cooking purposes, every gallon obteinable
from roof cstchments.

Seversl ettempts have been made, especially in Queenslend, to
Jevise methods of extracting the fluorides present in the artesian
water or, at least, to %@duce them to a point below the toxic level.

The most promising method so far tried out in Queensland would
cem to be trestment of the water by percolation through degelatinised
bone, and regenerating the spent bone by boiling in dilute ceaustic soda
solution and then washing out the slkali. Neutrslizetion of -the =lkeli
with hydlrochloric acid or sn asqueous solutlon of carbonic scid might be

necessary.

Aluminium sulphate precipitation with subsequent =lkali treat-
ment has been found to be unsuccessful in some cases. Hydrated
aluninium oxide has been used in Canads snd success for the method has
been clsimed. Activated carbon has been regerded ss impracticable for
rensons of cost. The lime=-sodsa treatment was found to show promise
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but was expensive and needed skilled supervision.

A South African suthority, G.W. Bond, writing in 1946, wss
inclined to think that treatment of the water by synthetic resins was
the most promising curstive measure, the removal of both cations sud
anions being effected by these 'organic zeolites', but ststed thaet the
process was not then fully developed. This matter is being further
investigated. _ .
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: TABLE IA. ARTESIAN BASIN ‘
MAIN AQUIFER - WATER OF EASTERN ORIGIN ’
S omn T . Two-mile: Station ’n iiwsy NortherniEastern |{Southern|Callanns | Iake Billy karisn Toko
\D“mplc ¢ Spring | Spring ?Borchgle Bﬁqu31C Borehole|{Borchole Borehole | Borehole | Borehole! Harry
Analysed Mundowdna) Mundowdna| Marree | Marree ; Marrec Marrce | Mundowdna Bgrehole’
Date of Analysis 23/12/h8g 23/12/L,81 26/10/18| 23/12/48; 23/12/LB | 23/12/48123/12/L8 | 23/12/L,8 23/12/148} 23/12/L8
IONS AND RADICLES _
(Grains per gell.) . |
Chlorine, Cl. 53.85 65. 65 78.05 | 215,25 45.50 60. 00 27.90 | 103.L46 17.50 |  18.50
Sulphuric ecid, SO0y 1. 24 nil 0. 145 18.23 0.16 0.16 nil 18.48 nil ‘nil
Carbonic acid, CO3 32.55  32.85 33.00 26.25 35.70 36. 45 37.95 19. 80 34,80 31495
Sodium, Na 59.97 66. 61 73.34 152,80 55.46 65. 28 L6. 78 87.28 3782 38. 36
Calcium, Ca 0. 25 0. 36 0. 86 6.43 0. 50 0. 54 0.29 | 3, 32 0. 11 0. 36
Magnesium, Mg 0. 09 0. 39 | 0.96 L. 39 0. 142 0.55 .04 i _ 0.02 0.04 0, 01
Total Szline Matter 147.99 | 165.86 1 186,661 1423.35 | 137.81 | 162,98 112.96 | 232,36 90.27 | 92.18
ASSUMED COMPOSITION |
OF SALTS |
(Greins per gall.)
Calcium carbonate 0.72 0.90 2. 15 16. 06 1.25 1.35 0. 72 8, 29 0.27 0.90 -
Magnesium carbonate 0. 31 1. 35 3.33 15.22 1. 70 1.91 0. 14 0.07 0. 14 0. 03
Sodium carbonate 56. 35 55. 38 51.83 10. 23 59. 60 60. 56 66,101 2611 61,01 60. 75
Sodium sulphate 1.83 nil 0. 67 26,96 0. 24 0.24 ni1 | 27. 33 nil. Thil
Sodium chloride 88. 78 108. 23 128.68{ 354.88 75, 02 .88.92 46, 00 170. 56 28,85 30, 50
HARDNEGSS . ,
(English degrees) ' :
Total 1. 09 2.50 6. 10 34.13 3.27 3.61 0,88 8.37 | 0. i3 0. 94
Temporary 1.09 2.50 6.10 34.13 3.27 3.61 0.88 8.37 | 0. 43 0.9
Permsanent nil nil nil nil nil | ° nil nil nil | nil nid
Due to-calcium 0. 72 0. 90 2.15 16. 06 1. 25 1. 35 0. 72 8.29 | 0., 27 0.20
Due to magnesium 0. 37 1. 60 3.95 18.07 2,02 2. 26 0.16 0.08 | 0.16 0. O
pH value ‘ 8.4 7.9 7.8 7.8 7.9 7.8 8.1 7.5 7:8 7.8
i {
FLUORINE ; | : i
(Parts per mllllon)' 3.2 | 3.2 L. L 3.2 L.0 4.0 ! L.O 2.l 0.0 g Ll
: ‘ | !
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TABLE IB. “Rnﬁl ARTESIAN 2ZASIN
BAIN AQUIFER - WATER 0 EASTEREN ORIGIN
' Glayton | Sinclsir|Peter's Station | Big iCrow's {Dulkan—% New - | -
Sample Analysed iBorchole | Borehole! Camp i Borehole Borehole ! ‘Nest inna | Kopper-|MungsrenieiMt. Gason
: c ;Mundowdna Borehole; Lake | Lake - |Borehole| Bore- | amanna Borchole |[Borehole
i ' Lake i Letty Letty | Lske - i hole Bore
Letty Letty hole
Dete of enalysis 23/12/U8 | 17/2/LS |13/L/L9 | 23/12/L8{23/12/4823/12/L8|17/2/49 ' 6/L4/LS | 26/10/48 | 26/10/L8
IONS AND RADICLES | | - |
(Grsins per gsll.) : _ : ,
~ Chlorine, C1 12,00 10. 83 14,07 | 16,20 17.45 21.25 | 8.13 |10, 22 535 L. 80
* Sulphuric acid, S5Q,! 0.45 | . nil 0. 21 0.145 nil 0.12 | nil | 0.41 1.75 1,36
~ Carbonic acid, CO3 | .33.00 30.30 35.40 37.20 | - 36.75 38.70 129.55 27.00 23, 70 23,25
Sodium, Na 32,68 30. 25 36 27 39.17 | 39.40 43.30 | 27.59 | 26.71 22,31 21,12
Calcium, Ca 0. 21 nil 0.07 nil 0. 04 nil | 0.29| 0.50 0.1l 0. 1l
Magnesium, Mg. 0. 20 nil 0. O 0, 0L 0. 02 0, 11 nil .; 0.13 nil nil
Totsl Saline Matter| 78.54 71.38 | 86.00| 93.06| 93.66 | 103.48 [65.56 | 64.97 53. 23 50.97
ASSUMED COMPOSITI ON | ' ' |
OF SALTS
(Grains per gall. ) ; : .
Calcium carbonate - 0.52 0.17 nil 0. 10 nil O. 1
iagnesium carbonate 0.69 : 0. 14 0. 14 o 07 0. 38 e 0:22 9'35 .35
Sodium carbonate '56.88 53.53 62.18 65. 54 6l. 72 67,89 514l 45, 87 41 140..70
Sodium Sulphsate 0.67 nil 0. 31 0.67 nil . 0.18 nil ;| 0.61 2:;8 _ '8
Sodium chloride 19. 78 17.85 23,20 26. 71 28. 77 i 35.03 113,40 16.85 8.82 7. 91
" HARDNESS S - ? |
(English degrees). .
Total .34 nil 0.331 + 0,16 0. 18 0. 45 1.19 1. 79 0. 35 0. 35
Tempor ary 1. 34 0.33 0. 16 0. 18 0. 45 1. 19 1. 79 0. 35 0O. 35
Permanent nil il © nil nil nil- nil nil nil nil
Due to calcium 0.52 - 0,17 nil 0. 10 nil 1.19 1. 25 0. 35 0. 35
Due to magnesium 0, 82 0. 16 0.16 0. 08 0.45 nil 0. 5L nil nil -
pH value - 8.1 7.9 8.1 8.0 8.1 8.1 7.6 7.6 7.8 . 8.1
FLUORINE o : |
(Parts per million) L.O 4.0 e 3.6 4.0 ! 4.0 b.o | 2.2 2. 2.6
H : 1 ;
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GREAT

MAIN AQUITER - WATER

ARTESIAN BASIN
OF EASTERN ORIGIN

, . Arbools . Culberta  : Paralsna Murnpeowie ! Quartpot
Semple Analysed | Borehole . Borehole Hot Spring Borehole Borehole
, Quinyambie | Quinyambie @ Wooltansa Murnpeowie
Date of anslysis 21/10/48 22/10/48 22/10/,48 23/12/48 - 28/2/49
TONS AND RATICLES | |
(Grains per gallon)
Chlorine, Cl 28. 49 { 40. 30 25. 3L 14.28 31.55
Sulphuric scid, S0y nil | 0.23 11.00 1.4 '
Carbonic acid, COg3 40.95 - 42,20 9.87 32.55 22.35
Sodium, Na 49, L1 56.23 23.5% 3. 7l
Calcium, Ca 0. 20 0. 40 3. 00 nil
Magnesium, Mg 0. 12 1. 01 1. 22 0. 08
Totsl saline matter 119,17 140, 37 73.96 83.06
ASSUMED COMPOSITION
OF SALTS ,
(Grains per gallon) : :
Calcium carbonate 0. 50 1. 00 7. 49 nil
Magnesium carbonate 0.L2 3.50 L4.23 0. 28
Sodium carbonate | 71.28 69.09 4.19 57.15
Sodium sulphate ! nil 0. 34 16. 27 2. 09
Sodium chloride | L6.97 66. 14 1. 78 23, 51,
HARDNESS - E
(English degrees) . _
Totsal 0.99 5.16 12.51 0.33
Temporary 0.99 5.16 12.51 0.33
Permenent nil nil nil nil
Due to calcium 0. 50 1. 00 7.4S nil
Due to magnesium 0. 48 .16 5.02 0. 3%
pH value 7.9 7.9 8.2 7.6 7.2
FLUORINE !
Parts per milli =
( 5 pe }llon 3.3 13,5 5.5 32,6

3.6




TABLE IT
WATER OF WESTERN ORIGIN

GREAT ARTESIAN

BASIN

)

| Abminga

—ly

, Eﬂlbepga Pedirka | Oodnadattnlﬁocklngton Peake ht. Klngston.Neill's N.Well
Sample Analysed BoreholeiBorehole Boreholc, Boreliole ; Boreholeg ! Borehole- Borehole Water Kingoonys
_ ‘ g i Mt. Dutton’ ! ) Bulgunnia
Datc of snalysis 27/10/L8; 26/10/u8; 27/10/u8! 26/10/L8 | 20/1/L9 2Q/1/a9 20/1/L9 6/1,/1,9 26/10/1i8
. : -
IONS AND RADICLES |
(Grains per gsllon) : ‘ .
Chlorine, C1 48,07 ¢ 38.43 ¢ 35.70 50.82 67.38 68. 60 8L.35 121.45 43,52
Sulphuric acid, SOy 26.99 15. 31 15, 31 22.30 36.87 21,97 98- 40, 20 11.48
Carbonic acid, CO3 .45 L.50 5.70 9.90 11. 30 11, 60 i - 23.10 5. 25 8, 4O
Sodium, Na L3. 35 24.55 ¢ 25.21 41.56 58. 84 59.64 | 72.68 58. 70 25.43
Calcium, Ca 5. 15 5.50 1 L.15 1.86 7.51 "2.86 | 0.21 19. L 6. 50
Magn851um Mg 1,11 2.56 1  2.58 2,16 . 1.35 0.52 | 0.2 11,12 3,85
Total SaIlne matter | 134.12 90.85 | 88.65 131. 60 183.25 165. 12 §'182.56 256. 16 99, 18
ASSUMED COMPOSITION !
OF SALTS | ;
(Grsins per gsllon) ' : '
Calcium carbonate 12.86 7.51 2.51 12,14 18. 75 7.4 - 0.52 8. 76 11y, 01
Calcium sulphate 8.6 1.16 50, 11 3. 02
lagnesium carbonate 2.45 : 3.68 0. 08 1.80 .83
liagnesium sulphate 1.98 11.70 1 12,77 5.u45 6.58 ‘ 2.53 11. 72
Magnesium chloride 0. 78 L1.55 5,80
Sodium carbonate ' : : : 10. 67 39,22 '
Sodium sulphste 37.58 6. 36 26.55 L6. 76 32.49 | 2.93 o
Sodium chloride 79. 25 62. 40| 58.85 83.78. 111. 08 113,09 | 139,06 19, 21 6l. 63
HARDIVESS | | |
(English degrees)
Total 17.43 2h.27{ 20.98 21.03 211, 30 9,28 1.51 9. 30 0
Temporary 15.78 7.51 9.51 16. 50 18.83 2. 28 1.51 8.72 ?E.Oz
Permanent 1.65 ] 16. 76 11,47 L.53 5. 47 nil nil 35,51 18. 06
Due to calcium 12.86 13. 73 10. 36 2.4 1 18,75 7. 11 0.52 48.54 1 16,03
Due to magnesium Y 10. 54 10. 62 3. 389 ] 5. 55 2.14 0. 99 5. 76 I 15:8u
pH value 8.2 , 8.0 7.6 | 7.1 7.0 6.3 L7.3 j 7.6
FLUoRINE 114 )5 o Fia— ' i
Parts per million) ; e 5 0.8 1.6 . |



"« Y PABLE III. -GREAT ARTESIAN BASIN
WATERS O SUSPENDED AND MARGINAL BASING

ngomestead%Cordilloé Bull's Hole| Meteor | Wooltanaf No. © 5 No. 22 f No. 27

~ Ssmple Analysed © Well Downs | Borehole Borehole ! Ststion! Borebolef Borehole | Borchole
Cordillo | Borehole ; - _ Borehole : Wooltens! Wooltana | Wooltansa
: : Downs : ; ' )
Date of snalysis - 28/2/LS | 28/2/L9 | 28/2/L9 23/12/48 | 22/10/L48| 22/10/u8 22/10/L48 | 22/10/L8
TONS AND RADICLES | | ‘
(Grains per 'gallon) % ' ,
Chlorine, C1 15. 65 80. 15 228.20 b1l 13.30 ) 48.60 22,40 37.80
Sulphuric acid, SOy 0.45 .| 36.17 . 75.92 0.20 | 6. 16 36.81 1 17,11 10,43
Carbonic acid, CO3 18. 15 11.70 ! 5.85 © 35,49 11. 34 i 14,05 15. 35 - 8.60
Sodium, Na A7 41 60.39 | 108.23 36.32 . 8.86 | 30.97 22. 3 21.11
Calcium, Ca 3.93 2. 01 L5.45 nil L. 70 6.10 | 5.40 7+ 50
Magnesium, Mg 1. 25 3.98 15. 05 0.08 3,18 11.60 -] 3.15 3,37
Total saline matter 56.84 | 201.40 | L478.70 86.23 L7.54 148.13 |  85.75 88.81
ASSUMED COMPOSI TLON o i . i
OF SALTS o | - | | : o
(Grains per gallon) . P : ' | _ "
Calcium carbonate - 9.81 19.51 2.76 ' nil 1. 74 15,2 13,18 10y, 2
Calcium sulphate : 4.08 107. 59 i : ' 3 13-4 _ %:23
Calcium chloride : ‘ ' 27.3% A ‘ R ’ o
Magnesium csrbonate L. 33 ' ; 0. 28 6. 04 6.91 10. 22
Magnes;um sulphate 18, 70 7.13 L6, 13 0.90 7. 78
Magnesium chloride ' ! 58.93 : 1.0 R 700
Sodium carbonate 16,23 ' - 62,34 . P 105
SSodium sulphate . | 0.67 | 25.98 | . 0.30 | 0. 70 L o413 »
50di ‘ch id . . i : ' :
odium chloride ! ’25 80 | 132.13 275.09 i 23. 31 21,93 78, 72 36,93 53. 66
HARDNESS ; : : ;
(English degrecs) | : } :
Tot al , D 14,95 | 38.89 | 175.141 0.33 + o 3
i o f . * y . : 24.83 62.9 .l ;
T§mporfry g 14. 95 19.51 0. 76 0.33 1| 18.96 23.1; ig gg § ?2‘60
Pcrmanent : E nil | 19,38 165. 65 nil” | s 33 | 2 22.62 4.3,
Due to calcium . i 9.81 1 22.51 113, 1,8 pil | 7.9 | ?5'25 b %82 1 18,26
Due to mammesium i 5. 4l é 16,38 | 61.973 0. 3% ; 13:@5 ; 47:72 g jg.gg % }8.g3
pH vrlue 75 | 1.3 8. 1 e e s
- : : : N -2 1 C.2 3.3 - 8.1
%LUORINE- o § ‘ ' ! : , : 3 -
Farts per million) ;0.4 | 0.5 y i . E | 5 ' i
: i > j 1.8 : 005 ’ 0.9 ; 2.2 i 1. 1




TABLE IV . o _ : .
e ] L A - B . 3 . ’
MURRAY RIVER ARTESIAN BASIN - . ADELAIDE PLAINS ARTESIAN BASIN

i

/o

_ i Blue'LakeiGovefnmentiGovernmentfREilways ;Government?c.R.Pearson's'A. Smith's F.L. Klar's
Sample aAnaliysed \Mt.Gembier | Borehole | Borehole |Borehole | Borehole {Borehole Berehole | Borehole
} ‘Naracoorte!Bordertown|Tintinare! Pinnaroo {Sec. 101 Sec. 413 Sec. 436
P E o ' i i Adelaide |  Yatsals Yatala
| g _ | : 1 _
Date of anslysis | 22/10/L8 | 25/10/48 | 25/10/48 | 20/10/48! 22/10/L8 |21/10/L8 21/10/L8 | 21/10/L8
T 5 i 5 ‘ :
IONS AND RADICLES g | ' g |
(Grains per gallon) | _ - | e | :
Chlorine, C1l : 7.55 | 34.83 64.93 28. 70 15.75 1 16.95 , 25.55 | 21.95
Sulphuric acid, SOy 0.2 | 70.86 11,62, 5.84 |  6.63 | L.32 6.3, | 6.83
Carbonic acid, CO3 7.65 | 13.50 1 15.75 12.75 10. 20 15.30 10.35 - 11.85
Sodium, Nag 6. 09 27.49 35.23 26.78 | 13.36 | 1470 | 16.18 1. 94
Calcium, Ca 1.86 ‘ %.57 8. 36 : 1.4 3,86 3.50 3.72 I Y 20
Magnesium, lig .42 | 3.047 1 7.91 1.6l 1.81 3,21 3,76 z.56
Total ssline matter 24,86 | 93,72 143.87 76.85 51.61 - 57.98 65.90 63, 112
ASSUMED COMPOSITI ON . | | | ! -
OF SALTS . - _' i .
(Grains per gallon); ' { o : ,
Celcium carbonate | he6l | 8.91 20.88 2.85 9.64 ! 8. 74 9. 29 10. 71
Magnesium carbonate] Lh.o2 +  A1.L7 L. 54 5.69. 6.21 i 11.13 6. 72 7. 63
Magnesium sulphste oo 0079 0 14065 i _ 0. 10 7.95 6.73
Magnesium chloride | - _ 1. 25 . 0. 82
Sodium carbonate 2. 42 : - 12.35i 3. 78
Sodium sulphate O.u3 | 15.13 8.64 | 9, 69 1 6.39 0,46
Sodium chloride 5 12. 45 57.42 89. 55 L7.32 | 25.97 27.94 L. 12 36, 19
HARDNESS | ! | |
(English degrees) . § , ' : g :
Total - 10.148 23.19 - 53.43 | 9.60  17.09 | 21.95 L ou.76 1
Temporary | . 10.48 S 22.53 1 26.27 . 9.60 17.01 21.95 . 17.27 % Afg.;g-
Permanent | nil 0.66 27.16 © pnil | 0.08 |  nil 7.49 | 5. 60
Due to cal cium % Loy 8.9 - 20. 88 2.85 9.6y | 8.7, . 9.2§ | 10.71
Due to mognesium 5.84 .28 ¢+ 32.55 6. 75 .45 1 13.21 15,07 | .65
pl value 6 w5 1 72 8. 1 7.7 | 7.6 - 7.7
FLUORINE : : % § § | i ] ;
(Parts per million) C.3 e 1.1 . 0.9 0.8 1.0 : 0.7 g w



WALLOWAY PLAINS ARTESIAN BASIN | ~...GROUND WATERS

Sliding [ Fountain{Pountaini

‘ 4 } Govern—.éBrice's %Bright'sfSliding _ I . No. 1 No, 2 'Pumping
Sample Anslyse , ment | Borehole;Boreholeil Rock Rock Springs; Springs|Borehole|Borehole! Trench
" Borechole! Sec. 68 i Sec.88 iiBorehole!Borehole Wanilla ;[Wanille Ulgy— Uley~- .gStreaky
. Pekina {Walloway!Wallowayl  A. B. f i ' Wenilla] Wanilla: Bay
Date of malysis | 27/ﬂQﬂf5§25/10/M8§25/10/M8)25/10/48 25/10/u3} 21/10/48| 27/10/48| 21/40/L3 21/10/L8 26/10/48
IONS AND RADICLES ; | R | ) |
Grains per gallon) b Do . , _ _ [
éhlorine? Clg io45.62 1 L2.53 + L3.23 26.88 - 29.°96 9.15 9. 75 7. 74 7o 8L § 18,97
-Sulphuric acid, S0 20.74 | 20.16 | 21.77 . 17.94 | 16.01 2.35 1. 60 1.89 1.85 | 2,18
Carbonic acid, GOz| 13.5C . 13.65 | 13.65 | 16.65 16.50 | | 9.75 2. 75 7. 65 3.25 | 10,95
Sodium, Na 29021 |- 27.79 | 2910 1 17.55 18, 9L 4.92 5. 60 L. 66 5.4 | 10.09
- Calcium, Ca L 5.36 1 L.93 1 L.79 |- 9.36 9¢15 5.15 L.57 2. 36 2.57 - 7. 65
Magnesium, Mg L 7a67 1 7.5h 7.58 5. 55 Dbl | 1.97 ¢ _1.97 . _2.34 2.08 | 1. 51
Totsl saline matter | 122.10 | 116.60 | 120.12 !l 93.93 | 96.00 | 33.29 33.24 .| 26.64 28.00 | 5135
ASSUMED COMPOSITION | | ! |
OF SALTS | : | ! ;
(Grains per gallon) P 1 | | -
Calcium carbonate 13.38 | 12.31 11.96 {f 23,37 22. 85 | 12.86 11,031 . 5.89 6.42 | 18.26
Magnesium carbonate 7.70 1 .8.81 2. 11 3.71 3.93 | 2.87 L. 09 5. 79 6.48 |
Calcium sulphate T . i ' S . ; 1,16
Magnesium sulphate 25,99 2h. 75 | 24.50 22,18 20. 06 | 2.95 2.01 2.37 1.49 | . 1.70
Magnesium chloride 0.78 i 5 : 1.02 2. 11 1. 49 0. 74 g .58
Sodium' sulphsate 0.61 | 3.28 i 0,35 0.98 |
Sodium chloride PoThe25 3 70.12 71. 27 ! L. 32 L8. 14 % 12. 50 1.2l | 11.85 12.93 % 25, 65
— ; ; — ;
HARDNESS | % ; | |
(English degrees) ! . g o o : ‘ g
Total Ly, S5 L3.33 h3.15 § 46.20 © L5.24 | 20.97 19.52 15.52 14.98 25,32
Temporary 22.52 22. 76 22.78 1 27.77 1 27.50 16. 28 16.27 1  12.76 13.751 18.26
Permanent 22.43 . 20.57 20.37 & 18.43 | 17.74 4.69 3,25 2. 76 1,23 | 2. 06
Due to calcium 13.38 | 12.31 11.96 ¢ 23.37 | 22.85 12.86 11,41 ! 5.89 | 6.L2 100 11
Due to magnesium 31.57  31.02 31.19 ©» 22.83 | 22.39 - B 8.11 9.63§ 8. 56 | 6. 21
pH value 7.2 7.5 [ I 7.2 8.6 8.2 | 8.1 1 g1 s
FLUORINE - : | i | | | ;
(Parts per million | 1.5 .1 1.3 % 0.5 0.l 0.8 g 0.8 | o9 | 0.0 E s
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