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MODIFIED ANION.EXCHANGE RESIN METHOD FOR SOIL
PHOSPI{ATE DETERMINATION

LEONG CHEE ONN*
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RINGKASAN

Kegunaan resin pertukaran anion di  dalam anal is : r  posfat  tanah te lah disel id ik i .  Faktor- faktor  yang
diuj i  ia lah berat  resin,  jangkamasa pengcmbal ian kuasa resin dan penar ikan keluar posfat  dar i  resin,
n isbah tanah: larutan dan masa untuk posfat  'extract ion .  Hasi l  dar i  kaj ian-kaj ian tersebut,  satu cara
anal isa vang menggu: ' , rkan resin tc lah disusun.

INTRODUCTION

For a long time, soil phosphate
measurements have been made using
chemical extractants l ike HCl, NH.F and
NaHCO, which serve to separate a fraction
of the soil phosphate that are 'available' to
plants from the soils. Unfortunately these
chemical extractants react with the other soil
particles, besides the phosphate and changes
the nature of  the soi l .  As ear ly  as 195 1,
Will iams showed that plants were able to
absorb more phosphate from the soils after
the removal of the 'available' phosphate by
these extractants than from the same soils
before treatment. Hence any reliable
method of measurinl soil phosphate should
avoid a total chemical destruction of the soil
during the process. One such method is by
the use of synthetic ion - exchange resins.

The use of synthetic ion-exchange
resins to extract ions from the soil is not new
and has been used for the past two decades.
Basically the resins are added to the soil sus-
pension and shaken. In this soil : solution :
resin system, the phosphate ions are first
exchanged from the soil particles. They'
diffuse through stationary fi lms around the
particles, through the fi lms around the resin
beads and finally into the resin beads where
thev are adsorbed (VatoveNetu,q.N and
TALIBUDEEN, 1970). For the purpose of
measurement, the adsorbed phosphate is
eluted from the resin beads bv shakins with
an acid.

Auen. et. al. (1955) who first used this
technique showed that the rate of phosphate
uptake by the resin is only dependent on the
rate ofrelease ofphosphate from the soil and
not on the properties of the resin. MOSER, er.
a l .  (1959) andLeoNc (1979) showedthat the
quantity of phosphate released from soils
to resin is well correlated with phosphate
uptake by a crop grown in the soils.

Despite the advantages of using
anion-exchange resins for P extractions, the
method is not being extensively used for
routine analytical determinations. This could
be due to the t ime consuming processes
previously used and the absence of a
standard procedure. The method employed
in th is  s tudy is  based on that  of  STBBESEN's
(1971). However, modifications have to be
made for measurements on tropical soils.
The object  of  th is  paper is  to  examine some
of the variables encountered in the use of
ion-exchange resins for tropical soils so that a
final standard working method could be
evolved.

MATERIALS ANDMETHODS

A total of 5 separate experiments were
conducted to investigate the optimum times
of resin regeneration after use and removal
of adsorbed phosphate from the resins, as
well as to determine correct extraction times;
soil: solution ratios and quantit ies of resins to
be used.
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TABLE 1: PHYSICAL-CHEMICAL PROPERTIES OF SOIL USED

2000 - 250 pm 250 50 trrm 5 0 - 2 0 p m 2 0 - 2 p m (-2pm

9% 33% 25% r 1 % / .L  /C

pH
(1 : 5 water)

C.E .C .
meq/100 g

%
Total N

Perchloric Acid Digest

% F e % N

5 . 74.2 0 . 1 0 J . 4 ) 4.0 t

TABLE 2: EFFECTS OF DIFFERENT RESIN REGENERATION TIMES

Treatment
Amounts of
P recovered
(pg P/g soil)

Mean Value
(pg P/g soil)

% hr shaking time with
100 ml  0.5M NaHCOg

I hr shaking time with
100 ml  0.5M NaHCO:

2 hr shaking tirne with
two 100 m 0.5M NaHCO3

22.15

22.15

1 , 4  l (

23.25

22.15

23.2.5

23.00

22.15

23.1s

TABLE 3: EFFECTS OF DIFFERENT ELUTION TIMES WITH HCI

Treatment
Amounts of
P recovered

0rg P/g soil)

Mean Vaiue

kg P/g soil)

2 hr elution with
80 ml 0.5M HCl

t hr elution with
80 ml 0.5M HCI

Resins above eluted again

with another 80 ml 0.5M HCl

Soil suspension after
shaking with resins

?.2.15

23.25

0.20

0.0

21.00

23.80

0.20

0.0

- J . J  /

23.52

0.20

0.0

66



Soil

The soil used belonged to the Gajah
Mati/Pokok Sena Series. These are much
weathered laterit ic latosols having a pH (1:5
water) of 4.2. The physical-chemical pro-
perties are shown in Table /. The soils are
air-dried and made to pass through a lmm
sieve.

Resin

The anion-exchange resin used in the
experiments is Zerolit Ff (ip) standard resin.
It is a type 1 resin having a quaternary
ammonium functional group and in the
chloride form. The resins were washed in
distilled water and then passed through a 450
mesh sieve. Those retained on the sieve were
transferred to a piece of Whatman fi l ter
paper. The required amounts of moist resins
were then weighed into small cylindrical bags
made from nylon fabric with a mesh opening
of  0.4 mm.

The Experimental Procedure

In all the experiments, 0.5 g air-dried
soil was used. This was placed in a 125 ml
plastic cylindrical container to which P was
added at arate of 25 pg P/g soil in the form of
0.2 ml of a 62.5 ug P/ml K}I2PO4 solution.
100 ml of 0.0iM CaCl, solution was then
added together with a drop of chloroform
and a resin bag containing 12 g resins was
introduced. The container with soil sus-
pension plus resin bag was then shaken for 24
hours in a rotary shaker kept at a constant
25'C. After shaking, the resin bag was
removed and washed thoroughly with
deionized water unti l i t was clear. The soil
suspension was discarded and the container
itself washed with deionized water. The
clean bag of resins was then replaced in the
same container.

To remove the adsorbed phosphate
from the resins, about 80 ml. of 0.5M HCI
was added to the container with the resin
bag. This was then shaken in an orbital
shaker before being filtered into a 100 ml

volumetric f lask. The resin bag was removed
and washed with jets of 0.5M HCI allowing
the acid to pass into the volumetric f lask.
This was then made up to the mark. Aliquots
of this solution were taken for P measure-
ments by the single solution method of
MURPHY and Rrr-Ev (1962). The resins in the
bag could then be regenerated for further use
by shaking with 100 ml. of 0.5M NaHCO,
solution for half an hour.

RESULTS AND DISCUSSION

The results of the experiments were
summarized in Table 2 -6.

Effects of Regeneration and P Elution Times
of Resins on P Recovery

Regeneration of the resins using
NaHCO, solution changes the form of the
resins from being I00% chloride to a
dominantly bicarbonate form. This facil i-
tated greatly the ease with which the
adsorbed P could be eluted by HClas there is
greater reaction between HCO3 and a strong
acid. Moreover the release of HCO, ions
from resin to soil ( in exchange for P ion)
closely resembled the conditions that pre-
vailed in the rhizosphere of growing plant
roots in the soil. Rtlr,v and BaRSER (1969)
has shown that bicarbonate ions accumulate
in the root rhizosphere and this might affect
phosphate uptake (Nve, 1968). The results
in Table 2 indicated no difference in shaking
times with NaHCO., on the adsorptive capa-
city of the resin beads. A 7: hour contact
with the HCO3 ions was sufficient to saturate
the resin beads as further contact does not
appear to affect the affinity of the resins for P
resulting in no appreciably greater adsorp-
tion of P.

Elution of the adsorbed P from the
resin by 0.5M HCI did not seem to be
influenced by the times of shaking tested.
The data in Table 3 indicated that a one hour
elution time was sufficient to recover almost
all the adsorbed P from the resins since a
second elution process recovered less than
ICi morc P from the same resin bas. The

67



filtrate from the soil suspension also yielded
no detectable P indicating the effectiveness
of the resin in removins all the labile P from
the soil solution.

Effects of Variations in Resin Weights, Soil:
Solution Ratios and Extraction Times on P
Recovery

Table 4 shows that P adsorption by
resins was influenced by variations in the
amounts of resins used. There was a gradual
increase in the amounts of P recovered with
increases in resin weight, resulting in an
optimal 12 g resins for the 0.5 g soil used in
the experiment. Table 5 also indicated a
decrease in P recovered as the volumes of
CaCl" solution increased, or as the soil:
solution ratio increased. It would appear that
a rat io  of  0.5 g soi l  wi th 25 ml0.01M CaCf
solution would result in the highest recovery
of added P from the soil.

Table 6 shows that there was a rela-
tively greater increase in P adsorption as
extraction time increased up to 12 hours
followed by a much more gradual increase
thereafter to 24 hours. There was no appre-
ciable difference in P adsorption when the
extraction time was extendecl to zl8 hours.
This was consistent with the findings of
MOSER et al., (1959) who showed that there
is very slow release of P between 12 and 24
hours compared with the rate of release in

the early stages of extraction. It would seem
that a2l hours extraction would be adequate
for P adsorption.

Evaluation of Resin Extraction Procedure
Employed

From the results, a final procedure for
the extraction of soil P using anion-exchange
resins could now be formulated. 12 g of
Zerolit FF (ip) standard resins were used in
each nylon bag with a mesh opening of 0.4
mm. The bag was shaken in a soil suspension
of 0.5 g air-dried soil and 25 ml 0"01M CaCl,
solution for 24 hours. after which the P
adsorbed was eluted from the resins by
shaking with 0.5M HCI for one hour. The
resulting P solution rvas made up to 100 ml
and the P determined by the single solution
method of MuRpHv and Rrr-rv (1962) using
20 ml aliquots of the solution and a 16 hours
standing time for the formation of the blue
complex. All measurements of the optical
density were made at 882 nm u'avelength
using a spectrophotometer. Regeneration of
the res ins was by shaking wi th 0.5M
NaHCO-, solution for half an hour.

This method has subsequently been
extensively used in the determinations of soil
P with success, covering other soil types as
well (t-eoNc. 1978). The method can be
effectively used as an accurate and routine
analvtical measurement for soil P in the lab.

TABLE 4:  EFFECTS OF DIFFERENT RESIN WEIGHTS USED

Treatment

Amounts of
P recovered
(1rg P/g soil)

Mean Value

Qig P/g soil)

2 g resin

4 g resin

6 g resin

8 g resin

10 g res in

1 2 g resin

i 6 g rcsin

s .80

12.25

1 6 . 8 0

19.80

22.25

24.00

24.80

6.25

l  3 .00

1 1  . 2 5

1 9 . 2 5

22.00
r , 1  1 <

25.00

6.02

12.62

11.02

1 9 . 5 5

2 2 . 1 2

2 4 . t 2

24.90
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TABLE 5: EFFECTS OF SOIL : SOLUTION RATIOS

Treatment
(soil : solution ratio)

Amounts of
P recovered

furg P/g soil)

Mean Vaiue

fu/g P/g soil)

u . ) :  l )

0.5  :  50

0.5  :  100

28.83
1 A  < 1

2 \  " 2 5

2 8 . 8 1

25.43

2 1 . 1 0

28.82

24.97

21.11

TABLE 6: EFFECTS OF DIFFERENT EXTRACTION TIMES

Treatment
Amounts of
P recovered

kg P/g soil)

Mean Value

kg P/g soil)

t h r

2 hrs.

3 hrs.

4 hrs.

6 hrs.

12  hrs .

24 hrs.

48 hrs.

2 s . 6 1
26.34
26.96

28.00

29.00

32.25

J J .  / U

32.80

25.06

25.88

26.s0

21 .2s

29.25

32.80

32.90

32.40

2 5 . 3 3

2 6 . 1 r

2 6 . 7 3

_ / . o _

29. r2

32.52

33.30

32.60

SUMMARY

The use of  anion-exchange resins in soi l  phosphate determinat ion were invest igated.  Among the
var iables tested were resin weight ,  per iod of  resin regenerat ion and phosphate elut ion.  soi l :  solut ion rat io
and different extraction times. A final analvtical procedure on the use of anion-exchange resins was then
fbrmulated based on the results of these studies.
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