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waters.
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by
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SUMMARY
An exaniination of the forest strean waters in the

Dweltingup region showed that a considerable variation
in water pH occurred, with values ranging fron 4.4 to
7,6.  GeneraLly the waters were sl ight ly acid and 86% of
the sanples had pH values between 6.0 and 7.0.

Significaat differences were observeil between the
catclxnents and al"so between samples frorn different years.
There were no narked seasonal trends in pH values.



INTR.ODUCTION

A detailed study of forest hydrology
in Western Airstralia was comnenced in
1973. Initially the progranrne was
concerned with the variation in water
quality in the Dwellingup forest region,
80 km south of Perth, and a large-scale
sampling prograrune was conmenced to
examine sorne of the chemical prope"ties
of the different strearn waters.

The electrical conductivity (EC) of
the water was used as the nain criterion
for exanining the different waters, but
in addition detailed chenical analyses,
including pH, L'ere carried out on
selected samples f ron the najor
Dwellingup catchnents, viz: Davies
Brook, South Dandalup River, Swanp Oak
Brook and Yarragil Brook, The Location
of these catchnents and the general
features of the associated j arrah
(Eucalnrtus rnarginata Sn.) forest
environrnent have been described by Shea
et  a l .  (1975) .  Sone pre l in inary resul ts
of this work have also been described by

1J,"" SljJ. (1u19,),,Hatctr (1e76) and.
S h e a  a n d  H a t c n  {  r v l b t .

The data presented in this paper show
the variations in water pH observed in
the Dwellingup forest catchnents and a
cornparison of these data with those of
othen catchnents within the forest zone.
The data cover the period July 1973 to
J rme  1976 .

METHOD

Weekl"y strean sanpling was carried
out from a numb ei: of fixed points during
the period of flow, The pH of the water
samples was deterrnined with either a
Metrohn or Phillips pH neter using a
conbined glass and calonel reference
electrode. Saturated potassiun hydrogen
tartrate (pH 5.57) and potassiun
dihydrogen orthophosphate- disodium
hydrogen orthophosphate (pH 7,17) were
used as the reference buffer solutions.

The nunber of sanples analysed during
the per iod were:

Davies Brook 320

South Dandal.uD River 528

Swanp Oak Brook

Yarragil Brook

RESULTS
The var ia t ions ;n water  pH in  the

four catchments throughout the sanpling
period have been arranged as frequency
diagrars and are tabulated in Appendixes
1 - 4, The weighted nean pH values are
shown in Tab1e 1 and fron these data it
is evident that considerable variation
in pH occurred throughout the region with
extTene values of  4 .4 and 7.6 recorded.
Horvever, the majority of the wateas were
sl.ightly acid and 86% of the samples had
pH values between 6.0 and 7.0.

Using the rnean values a sinple
analysis of variance showed that the
pH clifferences between catchnents were
signi f icant  (Table 2) .

301

439

TABLE 2

Alalysis of variance
Mean pH values

etween
ithin

catchnents 3 .5211
1 0  . 7  0 4 4
1  4  , 2 2 5 s

1  . 1 7  3 7
0 .1029104't 07Total

1 1  . 4 1



TABLE 1

Dwellingup Catchnents
l  a q n  n H  r r o  l  r , p  c

pH

Davies
Brook

6 .  6 0
6  . 3 1
6  . 4 8

6 .  8 3
6  .94

7 . 0 4
6 . 9 2
o . Y a

o .  /  I

6 , 6 6
6 . 3 6
6 . 4 3
6  . 4 3
6 , 7 2
o .  / )
o . / l

6  . 4 6

6 .  s 9
6 . 7 0
6  . 4 9
6 , 2 8
6 .  0 6
s . 8 4
6 . 4 0

S outh
DaadaLup
River

6 . 3 9
6 , 3 7
6  . 3 7

6 . 6 8
6  . 2 3

6 . 5 7

6  . 4 9
6 . 4 6
6 ,  5 4
6  , 6 2
6 . 7 3

6 . 3 0

6 . 2 2

6 , 1 8
6 . 0 6
5 . 8 0
s . 5 5
5 . 8 9
s  , 8 4
J . O l

5  . 9 4
6  . 0 8

5 . 7 2
s . 7 0

) .  o )
6 . 0 3

Swanp
0ak
Brook

Yarragi 1
Brook

o . o /
6 . 5 1
6 . 4 8
6  . 6 3
6 . 8 2
7  , 1 0

7  , 4 0

6 . 7 4
6 . 7 4
6 " 6 9
6  , 6 1
6 , 6 5
6 , 9 1
6 . 6 1
6 , 8 7
6 , 7 0

6 . 0 5

5 . 9 0
6 . 1 7
6 . 2 2
6  . 3 2

6 . 0 8
6  . 2 0
6 , 2 0

6 . 3 7
6 . 2 8

6 .  5 0
6 .  5 5
6 . 5 8
6 . 7 0
6 . 8 7
7 . 0 6

7  . 0 5
6 . 7 8
7  . 1 1
6 " 7 8
6 . 6 8
6 . s 3
6  , 5 7
6 .  6 8
6 . 8 9
6 . 9 6
6 . 7 6
6  , 5 2

6  . 4 0
6 . 2 0
6 . 1 0
5 . 9 0

Sanpling conpleted
Sanpling points dry

Year Month

July
Augus t
Septenber
0ctober
Novenber
Decenber

January
February
March
April
May
June
July
August
Septenber
0ctober
Novernber
Decernber

January
February
l,larch

l,lay
June
July
August
Septenber
0ctober
Novernber
Decenber

January
February
March
Anr"i 1

May
June



TABLE 3

pH values
Between-year variation

One way classification, F values

No ,
Catchnent of

yeafs

Davies Brook 3 2 + 22 4,28 *
South Dandalup River 4 3 + 27 27.92 * *

qr

S w a n p  o a k  B r o o k  3  2 + 2 1  1 0 . 6 5  * * *
Y a r r a g i l  B r o o k  4  3 + 2 4  2 0 , 6 8  * * *

Similarly, the pH differences for the catchnents were significant.
each catchment between years were However, over the two-year period the
significant (Table 5). differences between years were not

significant. The seasonal effects
The most conplete data available shown by nonths were al.so highly

were for the periods July-December in significart and there was a strong
1973 and 1974. These periods cover interaction between years and months.
the drying cycle for the streams: during
the winter months rrmoff is largel.y due The seasonal trends observed in pH
to surface f1ow, whereas during the drier values were very irregular but there was
late spring- early surnmer nonths the runoff an indication that the sunrner pH rneans
is predoninantly through subsoil seepage were slightly higher than the
(base flow). Significant changes in corresponding winter values,
other water properties (EC and chloride)
have already been reported during these As part of the forest hydrology
drying cycles (Hatch, op. c i t , ) .  project a dr iJ. l ing programne was

carried out in the najor catchnents to
The analysis of variance for the four exanine the distribution of salt and

catchments is shown in Table 4 and these water throughout the soit profile. This
data support the generaL conclusion drawn ptrogramne revealed the presence of
fron Table 2: the differences between permanent aquifers in the deeper sections

TAB LE 4

Effect of tine on strean pH
Anal.ysis of variance

Source df

1
5
3

I J

47

SS

0 ,4442
0 . 0 1 0 5
0  .5840
0 .  0295
v  .  JzJ  z
0 , 5 0 7 6
0 . 1 5 1 3
1 .8523

MS VR

r + .  o o
1 , 0 4
7  . 6 0
0 .  9 7
2 , 1 5

1 0 . 0 5

s ig

Cat chnents
Years
l,bnths
C x Y
C x M
Y x M
C x Y X M
Total

(c)
(Y)
(M)

0 . 1 4 8 1
0 . 0 1 0 s
0 . 0 7 6 8
0 .  0098
0 . 0 2 1 7
0 . 1 0 1 5
0 .  0 1  0 1

NS

NS
NS



of the lateritic profile, The
surunarised pH data fon the soil hrater
fron the bores are shown in Table 5 and
it is evident that the subsutcface wateas
are nore acid than the staeam wateLs.
These lovr pH val.ues are generaLly not
reflected in the pH of the surface
streans and it is concluded that tmder
current forest conditions the water in
the aquifers has little effect on the
pH of the su?face strean waters.

As pH was not previously considered
to be an inportant water parameter in
the forest stTearns onJ.y limited data are
availabLe from other areas. The nean
monthly pH values for a nunber of stTeans
fron Mwrdaring, Busselton and lr'lan j inup
are shown in Table 6. These regions
occurred over a geographic range of 280 km
and included a wide range of soil and
vegetat ion t)?es (e.g.  jarrah, karr i  (E.
diversicolor F.  Muel l . )  and wandoo {E.
;anAoo-Bi-ake1y) ) . Generalty the pll vElues
of streans at Mundaring ard Busselton
were sirnilar to those at DweLlingup, but
the karri forest streams at Manj inup
showed significantly higher pH l.evels,
Thele higher pH levels are attributed to
the leaching of the heavy karri forest
litter which is higher in total bases
than either of the othe" two species.

TABLE 5

Dwel lingup bores
pH values

TABLE 6

Conpalison of forest strean waters
pH va1ues

Year Month pH

Mean Range

'1975 July
Augus t
Septenber
October
Novernber
Decenber

1976 January
Februaf,y
March
Apri I
l.4ay
Jme
July
August

5 .  O 5

5 . 7 9

6 . 1 3
(  o t

5 . 8 4

) . o z
5 . 8 4

) . 2 )

5 ,  5 5
c r o
s .  60
5 . 6 0

4 . 9  -  6 . 1
4 , 7  -  6 , 6
4 . 7  -  6 . 8
5 . 4  -  6 . 6
5 . 4  -  6 . 6
4 . 9  -  6 . 8

4 , 8  -  6 . 2
4 . 6  -  6 " 7
4 . 4  -  6 . 4
3 . 8  -  6 . 0
3 , 6  -  7 . 0
4 . 0  -  6 . 3
4 . 5  -  6 . 2
5 . 0  -  6 . 2

Dwellingup l6mdaring Busselton Manj inup

1973 Septernber
0ctober
November
Decernber

1974 Jrly
August
Septenber:
0ctober
Novernber
Decenber

1975 JuLy
Air( 'rrsf

Septenber
0ctober
Novenber
Decernber

6  . 4 8
6  . 6 0
6  . 8 0
6 , 8 3

o - 5 d

6 . 7 8
6 . 7 6

6  . 5 0

6 . 1 1
5 .  86
s . 8 6
6 . 0 6
6 , 1 5
o . l z

6 . 7 6
7 , 1 8
/ . J J

/ . ) o

6 . 6 8
6 . 8 0
6 .  9 4
7 . 1 2
6 , 9 2
6 . 6 4

6 , 2 4
6 .  0 8
6  . 3 2
o . z J

6 .4 ' l
6  , 6 7

5  . 9 2
6 .  0 8
5  . 9 0
6 . 2 4
6 . 3 6
6 .  1 0



DISCUSSION
'Ihe principal factoas affecting the

pH of the water are: the anount and
cornposition of the saLts dissoLved in
the water; and the effect of the
ionization of the carbonic acid forrned
by the solution of atnospheric carbon
dioxide in the water. In natural waters
which do not show narked extrenes in
pH the buffer systen:

HrCOr+ H+ * HCo3

HCO3- + H+ + COj

is the chief factor regul.ating the pH
of the water (Hart, 1974). In al.l. waters
exarnined the carbonate ion nust be absent
because free carbonate ions cannot exist
in solut ion below pH 8.3 (Vogel,  1962J.

The EC of the waters shor,red a wide
variation with values ranging fron the
ninimun of 10 nS.n-l in July to a naximtm
of 2000 ms.n-l in January. This
paraneter is closely correlated with the
soLuble sal ts present in the water;
therefore, it is concluded that the
solubLe salt concentTation does not have
a significant effect on the water pH.

Detailed analyses of strear waters
have shorrm that all the waters have a
simi lar mean ionic composit ion, v iz:

calcium 6% chloride 86%

nagtesiun 21% bicarbonate 99,

potassiun 1%

s odiun 7 2e"

The cationic conposition was renarkably
constant throughout the year over the
whole range of EC values observed. The
anionic cory)osition was slightly nore
variab Le due to changes in the proportion
of bicarbonate which tended to reach a
naximurn value during the winter
nonths. During the sampling period
water ternpel"atures varied frorn 7 to 26"C
and this temperature range has a large
effect on the solubility of atnospheric
carbon dioxide in the water.

With the observed ionic conposition
the principal salts present in the water
are the chlorides and bicarbonates of

the comnon alkali (Na, K) and alkaline
earth (Ca, Mg) elenents. Dilute
solutions of the chlorides of these
elenents tend towards electricaL
neutrality and their pH is close to a
value of 7. Therefore, the hydrolysis
of the bicarbonate sal ts is the maior
factor control l ing the pH of the witer.

It was observed in Laboratory tests
that distilled water in equilibriurn with
the atnosphere had a pH of 5.4, so the
presence of the other ions in the water
tended to buffer the pH of the water
towards neutrality.
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