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SUMMARY

. Eight analytical techniques (l atomic
absorption. 3 colorimetric, 3 turbidimetric and I
volumetric) were compared to test their
suitability for the rapid' analysis of sulphate
present ln water samptes.

. -The most precise technique was the methylene
blue reduction method of Johnson and Nishita
(t9s2).

The turbidimetric method sussested bv
Loveday (1974) proved very satisfac-t5ry tor thi:
rapid. routine analysis of sulphate present in all
water samDles examtned.



INTRODUCTION

The major water catchments in south-west
Western Australia occur within the forest zone,
and a large research programme is currently
being carried out to investigate the elfects of
forestry and bauxite mining on water yield and
quality. As part of this project, a regular stream
sampling programme was commenced in 1973 to
examine variations in electrical conductivity
throughout the forest area. In addition, detaileti
chemlcal analyses were required for a number of
samples, and these analyses included the sulphate
ion concentrations. Preliminary studies had
shown that sodium, magnesium, chloride and
bicarbonate were the major ionic constituents of
the water, and calcium, potassium, sulphate and
phosphate were of minor importance (Hatch, in
press).

The analysis of low concentrations of sulphates
in water by the barium sulphate gravimetric
method is tedious and subject to considerable
errors, both positive and negative (APHA, 1969).
To overcome the analytical problems associated
wi th  the  mic roes t imat ion  o f  su lphate ,  a  number
o f  a t o m i c  a b s o r p t i o n ,  c o l o r i m e t r i c  a n d
turbidimetric techniques have been developed to
permi t  the  rap id  and accura te  ana lys is  o f
sulphate in water samples. Of these techniques,
t h e  m e t h y l e n e  b l u e - r e d u c t i o n  t e c h n i q u e  o f
Johnson and Nishita (1952) is regarded as the
most sensitive and accurate, but this method
requires special glass apparatus and does not
readily lend itself to the rapid analysis of a large
number of samples.

To check the suitabil ity of some of these
techniques, a comparison was made of eight
methods (l atomic absorption, 3 colorimetric, 3
t u r b i d i m e t r i c  a n d  I  v o l u m e t r i c )  f o r  t h e
determination of microgranr amounts of sulphate
in water samples.

The experimenlal nrethods used were as
follows.

l .  A tomic  absorp t ion .

Precipitation of sulphate with barium
chloride, and the estimation oI the excess
barium by atom'c absorption spectroscopy
(Parker ,  1972) .

2 .  Co lor imet r i c .

a. Methylene blue reduction method
(Johnson and N ish i ta ,  1962) .

b. Precipitation of sulphate with 2-
aminoperimidine and the spectro-
photometric estimation of the residual
amine cation (Jones and Stephen, 19?3).

c .  P r e c i p i t a t i o n  o f  s u l p h a t e  w i t h  2 -
aminoperimidine and the sPectro-
photometric estimation of the residual
ieaeent after treatment with nitrous
acid and alkali (Archer, 1975).

3. Turbidimetric. These techniques consist of
the DreciDitation of f inelv divided barium
sulphite rinder controlled ionditions, and the
measurement  o f  lhe  tu rb id i ty  o f  the  suspens ion  in
the presence of a conditioning reagent. Three
different conditioning reagents are used to
stabil ize the precipitate, according to different
authors.

a. Gum acacia-acetic acid (Massoumi and
Cornfield. 1963).

b. Glycerol (Loveday, 1974).

c. Gelatin (Tabatabai, 1974).

4. Volumetric

Precipitation of sulphate with barium
chloride and the estimation of the excess
barium by ethylenediaminetetraacetic acid
(EDTA)  t i t ra t ion  (Bond,  1955) .

EXPERIMENTAL

Eight water samples were selected for the test
analysis. These included both natural stream and
runoff waters from experimental plots which had
received heavy dressings ol superphosphate (l000
ks .ha  ' ) .  The su lphate  concen l . ra t ions  (0 .08  to
2:94 me.l '  of SO.) in lhese samples exceeded
the range of sulphates normally present in forest
streams, so the results are applicable to all
waters sampled in the project. All waters were
fi ltered through a 0.45 am membrane fi l ter to
remove an ]  sJspended mater ia l  p r io r  to  ana lys is .

The following analytical methods were used.

l The Drecipitations were carriQd out
according io the author's f irst method;
but as no nitrous oxide-acetylene burner
was available, an air-acetylene flame
had to be used to eslitnate the excess
bar iu  m.

2a. All analyses were carried out exactly as
per the original method.

2b. 2-aminoperimidine was prepared from
1, 8 diaminonaphthalene and cyanogen
bromide by McLure's (1973) method
and used lbr the analyses. This reagent
required an additional recrystall isation
from ethanol after treatment with
activated charcoal to remove coloured
impurit ies. Appropriale aliquots (0.2 to
1.0 ml) ol the water samples were
pipetted into clean, dry 5 ml centrifuge
tubes, diluted to 2 ml with disti l led
water, and the analyses were carried out
by the author's procedure, using the
variation outl ined for the range 20-120
ppm sulphate.

2c .  S imi la r  a l iquo ts  o f  the  water  samples
were pipetted into centrifuge tubes,
diluted to 2 ml with water and the
analysis carried out according to the



author's procedure, except that a final
vo lume of  25 ml  \  as adopred for  a l l
samples and standards.

3. For the three turbidimetric technioues.
5 ml  a l iquots o[  the uater  samples were
tested according to the author's original
methods.

4. Aliquots of 20 ml were used for the
volumetric estimation of sulohates bv
EDTA titration.

All samples were analysed by two analysts on
different days, and, in riddition, aliquots'of the
water samples were spiked with 20 pg of sulphur
(as K2SO.) and re-analysed, so that quantitative
recovery tests could be carried out.

RESULTS
Techniques

Th-e atomic absorpt ion technique was not
safisfactory .because bI the lor.r iensitivity to
barium exhibired bj rhe air-acetylene flame.
Consequent ly .  smal l  chunges 

' in  
bar ium

concentration caused by [he precipiral.ion of
barium sulphare could nol be readily detecred.
The.problem would have been reduced by the use
of the- nitrous oxide-acetylene flame; as-this was
not available, the technique had to be
abandoned.

The methylene blue reduction technique proved
very satislactor) and precise. and the only
precaution necessar, was that of using a reducing
sotut ron tess than one week o ld.  Wi th o lder
solut ions._ recovery of  su lphate und agreement
between duplicates were noi satislactory.

Both techniques involv ins the use of  2-
aminoper imid ine ro prec ip i ta te su lphale oroved
very difficult to use as u raoid. ioutine
laboratory method. With rhe forrner merhod
(2b). precipitation occurred readilv. but
d i f f icu l t ies were exper ienced in  wi thdrawing the t
ml aliquots required for the subsequent
estimation of the 2-aminoperimidine. desnitd rhe
fact that the suspension was centrifuged' for 15
minutes at 3000 r.p.m. In nearly every case, the
supernatant  l iqu id was probably contaminated

with the precipitate, because the absorbance at
305 nm was very variable with different runs on
the same sample. In addition. the blank value
was found to Ructuate widely. and absorbances
of lrom 0.4 to 0.9 were recoided. Consequenlly,
the standard graph varied widely for different
sets ot analyses.

With Archer's method (2c). very good
standard  graphs  uere  obra ined,  bu t  w i th  the
u n k n o w n  w a t e r  s a m p l e s ,  w i d e l y  d i f f e r i n g
duplicate values were obtained with different sets
o f  ana lyses .  In  add i t ion ,  recovery  o f  added
sulphate was very poor (of the order of 6070).
A g a i n ,  t h i s  c o u l d  h a v e  b e e n  d u e  t o
c o n t a m i n a t i o n  o I  t h e  s u p e r n a t a n r  l i q u i d  w i t h
sonrc  o l  rhc  2 -anr inopcr in r id inc  su lphute .

B e c a u s e  o f  r h e  d i f f i c u l t y  i n  o b t a i n i n g
sat is fac to ry  dup l i c i r les ,  i t  was-cons idered tha i
these two techniqu€s were not suitable for the
rou t ine  labora tor j  anu l l s is  o f  the  smal l  amounts
o l  s u l p h a t e  p r e s e n t  i n  r h e  w a r e r ,  s o  t h e s e
methods were abandoned desoite the evidence
put fbrward by the original authors.

The three turbidimetric methods were both
simple and rapid, and presented no problems in
the analvsis of the waters.

Bond's volumetric EDTA titration was also a
re la t i ve ly  s imp le  techn ique,  bu t  w i th  very . low
sulphate water (<0.2 me.l '  of SOo) diff iculty
was erper ienced in  de tec t ing  the  exac t  end-po in t
o f  t h e  t i t r a r i o n  w i t h  E r - i u c h r o m e  B l a i k  T
indicator.

Anrlytictl Results
The dup l icare  resu l rs  fo r  the  [ i ve  techn iques

tha t  r  e re  f ina l l y  used and rhe  e ighL samples  are
shown in Table l. Generally, 

-the 
agieement

between analyst's duplicates was quite e6od. and
the  co lo r imet r i c  and tu rb id imet r ic  mer f ,ods  save
s imi la r  resu l ts  fo r  u l l  s rmp les .  However , - rhe
volumetric EDTA data sliowed considerable
deviations from the other techniques. with
samples  2 .4  and 6  showing h igher  ia lues  and
sample  3  a  lower  su lpha le  concent ra t ion .  Th is  i s
desp i te  lhe . fac t  rha t  b . :  g  o f  po tass ium cyan ide
were  added 1o  a l l  samples  pr io r  lo  t i t ra t ion  to
e l im ina te  any  in rer fe ience w i th  the  EDTA
t  r t  ra  t  ton .

TABLE I
Comparison of analyt ical techniques

Technique Analyst Sulphate me.l '

A  0 . l l  0 . t ?  0 .05  0 .50  2 .21  0 .09  2 .04  2 .q r
r, 0.12 0. t7 0.04 0.5J 2.2J 0.06 2.05 2.96
A 0.21 0.23 0.61 0_51 t.g4 o.o5 t.90 2.62
B 0.37 0.24 0.65 0]2 2.01 O.O9 t.85 2.80
A 0.26 0.23 0.62 0.59 2.31 O.ts 2.21 2.68
B 0.25 0.22 0.61 0.63 2.30 o. l4 1.96 2.63
A 0.30 0.27 0.64 0.49 2.17 o.to 2.14 2..10
B o.24 0.21 0.62 0.60 2.25 0.t8 2_2t 2.92
A 0.38 0.45 o.O5 t.09 2.17 0.2a 2.21 2.75
n 0.10 0.40 0.10 0.88 2.O1 0.33 2.)O 2.37

Johnson & Nishita

Massoumi & Cornl ield

Loveday

Tabatabai

Bond

Color 'metr ic

Turbidimetric

Turbidimetric

Turbidimetric

Volumetric



TABLE 2
Analysis of variance

SS

Techniques
Analysts
Samples

T x S
A x S
T x A x S

Total

o.0635
0'75.44t3

0.0905
I.3066
o.0229
0.1408

17.0656

0.01588
0

1o.7773
4.02262
0.04666
0.003271
0.005029

3 .16
0

2143.U
4 .50
9.28
0.65

(r)
(A)
(s) NS

NS

4
I
7

28
7

28

79

TABLE 3
Percentuge recovery ol 20 l,g sul;hui (as K,SO1)

Technique Mean Recovery Variance SD SE Confidence 'Limits

Colorimetric Johnson and Nishita 20.2
Turbidimetric Massoumi and Cornfield 22.9
Turbidimetric Loveday 19.4
Turbidirnetr ic Tabatabai 2t. l

7o

t 0 t . 0
114.6
9',7.2

|  08.5

7.05 2.66
207.8',7 t4.42
128.14 t1.32
226.61 15,05

98.9-tO3.2 97.t-tO4.3
102.5-126."1 96.8-132.4
87.1-106.1 83.2-ttt.2
95.9-t2t.t 89.9-t2t.l

o.94
5 .10
4.00

The statistical analysis of these data is shown in
Table 2: it indicates a highly signilicant
interaction (P - 0.001) between the techniques
and the samples. There was also a signifiCant
interaction (P : 0.05) betw€en the analysts and
the techniques. The main effects showed
significant d'ifferences between techniques (P :
0.05) and samples (P : 0.001).

Recovery Tests
It was not possible to carry out a recovery test

on 20 /g o[ sulphate sulphur with the EDTA
t i t ra t ion as th is  was onlv  equiva lenr  [o  0.12 ml  o l '
O.0lN EDTA, and 

'variations 
in duplicate

titrations can differ bv 0.t ml. Prevlous tesis had
shown that it was aimost impossible to titrate
accura.tely less than 250 pg of sulphate (Hatch,
unDuDl lsned oa ta  l -

The recovery tests lbr the r€maining fbur
techniques are shown in Table 3, and it is clearly
evid€nt that only two methods (Johnson and
Nishita, Loveday) were satisfactory, with
recoveries in lhe range 100 +_ 5 per cent. The
other  rwo tu rb id imet r ic  techn iques  (Massoumi
and Corn f ie ld .  Tabatuba i )  gave unacceprab ly
high recoveries ol' I t4.6 unl 108.5 pei ceni
respectively.

DISCUSSION AND CONCLUSIONS
The analytical work presented in this report

indicates that the methvlene blue colorimetric
technique is the most accurate method for the
microestimation of sulphate in water samples,
and this method is recommended fbr all precise
work.

However, the turbidimetric method sussested
by Loveday is quire satisfuctory for thJ-rapid
routine Iaboratory analysis of the sulphate
normally present in uncontaminated water
samples. Of course, difficulties would arise with
th is  technique when deal ing wi th waters co loured
by organic matter, and in these cases a
preliminary- treatment with nitric and perchloric
acids would be necessary prior to th€ analysis.

REFERENCES

APHA (1969) .  Standard Merhods for  the
Examination of Water and Wastewater.
American Public Health Association (t2th
edn, New York).

Archer, A. W. (1975). The indirect colorimetric
determination of sulphate with 2-
aminoperimidine. Analyst 100, ?55-757.

Bond, R. D. (1955). Determination of low
concentra l ions o l  su lphare us ing bar ium
chloride and ethy lened iu m ineret raa-=cetic acid
(EDTA).  Chem. and Ind. ,941-942.

Fisher, R. A. and Yates, F'. (1963). Statistical
Tables. (6th edn, Oliver and Boyd,
Edinburgh).

Hatch, A. B. (1976). Some chemical properties of
forest stream waters in Western Australia.
Bul l .  For .  Dep.  W. Aust .89 ( in  press) .

Johnson.  C.  M.  and Nishi ta ,  H.  (1952) .
Micro€stimation of sulphur in plant
materials, soils and iirisation waters. Anal.
Cllem. 24, 136-142.



Jones, P. A. and Stephen, W. I. (1973). The
indirect spectrophotomet"ric determination of
the sulphate ion with 2-aminoperimidine .
Anal. Chim. Acta. 64, 85-92.

Loveday, J. (ed.) (19?4). Methods for Analysis of
Irrigated Soils. Tech. Comm.54. Comm.
Bur.  Soi ls .  Wi lke and (  oy.  V ic tor ia .

McClure, G. L. (t973). An improved synthesis of
2-perimidylammonium ion for use as a
sulphate reagent. Anal. Chim. Acta. 64:
289-29r.

Massoumi, A. and Cornfield, A. H. (1963). A
rapid method for determining suiphata in
water extracts. Analyst.88, 321-322.

Parker, C. R. (1972). Water Analysis by Atomic
Absorption Spectroscopy. Varian Techtron,
Australia.

Tabatabai, M. A. {1974). Determination of
sulphate in water samples. Sulphur lnst.
Jour. 10, I l-13.

Wilriam C. SBwn. covshn.nr pnnr6.. w€sr.m Ausr6ti€.




