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FOREWORD

This Malaysian Standard was prepared by the Working Group on Fertilizers, under the authority
of the Chemical and Pharmaceutical Industry Standards Committee.

This Malaysian Standard is the first revision of Malaysian Standard MS 417: Method for the
analysis of fertilizers, which was published in 1976. This standard is the fourth part in a series
to provide method for the determination of phosphorus.

Other parts are as follows:

Part 1 : Method of sampling and sample preparation.

Part 2 : Method for the determination of moisture content, particle size and ash content.
Part 3 : Method for the determination of nitrogen.

Part 5 : Method for the determination of potassium.

Part 6 : Method for the determination of magnesium.

Part 7 : Method for the determination of boron.

Part 8 : Method for the determination of secondary properties.

This revised standard purports to introduce into Malaysia uniform method for the determination
of phosphorus. It does not deal with the specifications of the materials but prescribes only the
method for the determination of phosphorus in fertilizers.

In this revision, besides giving consideration to local requirements, the following document has
also been referred.

(1) Official Methods of Analysis of the Association of Official Analytical Chemists : 1990.
This Malaysian Standard supersedes MS 417:1976.
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THE ANALYSIS OF FERTILIZERS

PART 4 : METHOD FOR THE DETERMINATION OF PHOSPHORUS

(FIRST REVISION)

Scope

This part of Malaysian Standard prescribes method for the determination of
phosphorus in the fertilizers.

The phosphorus content is expressed in the form of P,Os.
Total P,O;

Water-soluble P,O5

Citric acid-soluble P,O5

Neutral ammonium citrate-soluble P,Os

Formic acid-soluble P,O5

Free phosphoric acid (as P,0s)

Sampling

The method of sampling fertilizers, both in packages and in bulk will be carried out
according to *MS 417 : Part 1 : Method of sampling and sample preparation
(First revision).

Preparation of sample for analysis will also be carried out according to *MS 417 :
Part 1 : Method of sampling and sample preparation (First revision).

Quality of test reagents

Unless otherwise specified, the reagents used for analysis described in this standard
shall be of analytical reagent grade and shall not contain any impurities that will affect
the result of the analysis.

Unless otherwise specified, all references to water shall be understood to mean
distilled water or water of equal purity.

* MS 417 : The analysis of fertilizers.
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4.1

5.1

5.2

5.3
5.3.1
54
5.4.1
5.4.2

5.4.3

5.4.4

5.4.5
5.4.6

Calibrated volumetric glasswares

Where high accuracy is required, calibrated volumetric glasswares should be used at
the temperature at which they are calibrated; if used at other temperatures,
appropriate corrections should be made.

Determination of total P,Os

Method |

The spectrophotometric molybdovanadophosphate method is used for the
determination of total P,Os.

Principle

The spectrophotometric method determines the amount of light transmitted by the
molybdovanadophosphate yellow complex which is dependent on the concentration
of the phosphorus in solution. From the spectrophotometric absorption curves
obtained from known standard phosphorus solutions, the concentration of
phosphorus in an unknown solution is determined. A spectrophotometer with light
filter and matched cells is used. Alternatively, a colorimeter or an absorptiometer
with a light source of wavelength 420 nm can be used.

Apparatus

Spectrophotometer

Reagents

Nitric acid, concentrated (sp gr = 1.42)

Hydrochloric acid, concentrated (sp gr = 1.18)

Potassium dihydrogen phosphate solution (phosphorus stock solution)

Dissolve in water 43928 g potassium dihydrogen phosphate, KH,PO, previously
dried at 103 + 2C for 2 hours and dilute to 1 litre. The solution contains 1000
mg/litre phosphorus.

Potassium dihydrogen phosphate solution (standard phosphorus solution)

Dilute the phosphorus stock solution with water to obtain a suitable range of standard
solutions containing 10 mg/litre to 80 mg/litre phosphorus.

Ammonium vanadate solution, 0.05% w/v in 1.5 M nitric acid

Ammonium molybdate solution, 1.5% w/v
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Molybdovanadate reagent

Mix together 150 ml of the ammonium vanadate solution and 100 ml of the
ammonium molybdate solution. Surfactant (phosphorus free) may be added if
necessary.

Procedure
Preparation of the sample solution

Weigh to the nearest mg about 2.5 g of the sample into a 400 ml beaker, wet the
solid thoroughly with 20 to 30 ml water and then add a further 70 ml water with
continuous stirring.  Warm the mixture and add dropwise with stirring, 10 ml
concentrated hydrochloric acid, then 5 ml concentrated nitric acid. Gently boil the
solution for 10 minutes, cool, transfer to a 250 ml volumetric flask, and dilute to the
mark with water. Mix well. Filter the solution through a dry medium-fine filter paper
into a dry beaker (Carry out further dilution if necessary).

Analysis of sample

Pipette a suitable aliquot of sample solution into a 100 ml volumetric flask. Add,
using pipette 25 ml of the molybdovanadate reagent and dilute to the mark with
water. Mix well. Read off the colorimeter any time after half an hour at 420 nm.
Determine the concentration from a calibration graph obtained under similar
conditions with standard phosphorus solutions (range 10 mg/litre to 80 mg/litre
phosphorus).

Calculation

Total P,Os content expressed as percentage of the sample

CxDx0.229

W
where,
C s the concentration of phosphorus, mg per litre in the unknown solution;
D s the dilution factor;
W  is the weight in grammes of the sample taken.

To obtain total P,Os content of the dry sample, the moisture content should be taken
into consideration.

NOTE. Prepare a fresh reference standard for each series of readings on the instrument.
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5.7
5.8
5.8.1
5.9
5.9.1

5.9.2

5.9.3

5.9.4
5.9.5

5.9.6

5.10

5.10.1

5.10.2

Method II

The auto-analyzer method is used for the determination of total P,Os.

Apparatus

Auto-analyzer

Reagents

Nitric acid, concentrated (sp gr = 1.42)

Potassium dihydrogen phosphate solution (phosphorus stock solution).

Dissolve in water 4.3928 g of potassium dihydrogen phosphate, KH,PO, previously
dried at 103 =+ 2C for 2 hours and dilute to 1 litre. This solution contains 1000
mg/litre phosphorus

Potassium dihydrogen phosphate (standard phosphorus solution).

Dilute the phosphorus stock solution with water to obtain a suitable range of standard
solutions containing 10 mg/litre to 80 mg/litre phosphorus .

Ammonium vanadate solution, 0.05% w/v in 1.5 M nitric acid

Ammonium molybdate, 1.5% wiv

Molybdovanadate reagents

Mix together 150 ml of the ammonium vanadate solution and 100 ml of the
ammonium molybdate solution. Surfactant (phosphorus free) may be added if
necessary.

Procedure

Figure 1 provides a typical manifold diagram for the determination of phosphorus.
Other maniford diagrams may also be used provided similar results are obtained.

Calibrate the instrument with the standard phosphorus solution over the range 10
mg/litre to 80 mg/litre phosphorus, after which unknown samples may be analyzed at
the rate of 60 samples per hour.
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Calculation
Total P,Os content expressed as percentage of the sample
CxDx0.229
where,
C isthe concentration of phosphorus, mg per litre in the unknown solution;
D s the dilution factor
W  is the weight in grammes of the sample taken.

To obtain total P,Os content of the dry sample, the moisture content should be taken
into consideration.
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Determination of water-soluble P,O5

Apparatus

Spectrophotometer

Reagents

Potassium dihydrogen phosphate solution (phosphorus stock solution)

Dissolve in water 43928 g potassium dihydrogen phosphate, KH,PO, previously
dried at 103 + 2C for 2 hours and dilute to 1 litre. This solution contains 1000
mg/litre phosphorus.

Potassium dihydrogen phosphate solution (standard phosphorus solution)

Dilute the phosphorus stock solution with water to obtain a suitable range of standard
solutions containing 10 mg/litre to 80 mg/litre phosphorus.

Sodium hydroxide solution, 1 M

Ammonium vanadate solution, 0.05% w/v in 1.5 M nitric acid

Ammonium molybdate solution, 1.5% w/iv

Molybdovanadate reagent

Mix together 150 ml of the ammonium vanadate soluton and 100 ml of the
ammonium molybdate solution. Surfactant (phosphorus free) may be added if
necessary.

Procedure

Preparation of the sample solution

Weigh to the nearest mg about 1 g finely ground sample and transfer to a 9 cm filter
paper placed on a Buchner funnel fitted to a flask under a light suction. The filter is
initially made wet with 1-2 ml water for proper sealing.

Wash the sample with 24 portions of 10 ml water each by directing a fine stream in
circular path around entire periphery of the filter paper, ensuring that water and solids

are thoroughly mixed in each washing.

Let each portion pass through before the subsequent washing. The total time taken
to complete all the washing is within 1 hour.

If the filtrate is turbid, add 1-2 ml nitric acid, transfer to 250 ml volumetric flask and
make up to the mark with water. Shake well.
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6.3.2

6.4

6.4.1

6.4.2

7.1
7.1.1
7.2
7.2.1
7.2.2

7.2.3

7.2.4

Analysis of sample
Proceed according to Clause 5.5.2 or Clause 5.7.
Calculation
Water-soluble P,Os content expressed as percentage of the sample
CxDx0.229
where,
C s the concentration of phosphorus, mg per litre in the known solution;
D s the dilution factor;
W is the weight in grammes of the sample taken.
To obtain water-soluble P,Os content of the dry sample, the moisture content should

be taken into consideration.

Determination of citric acid-soluble P,O5

Apparatus

Spectrophotometer

Reagents

Nitric acid, concentrated (sp gr = 1.42).

Citric acid solution, 2 percent (wW/v).

Dissolve 10 g citric acid monohydrate in water and dilute to 500 ml.

Potassium dihydrogen phosphate solution (phosphorus stock solution).

Dissolve in water 4.3928 g potassium dihydrogen phosphate KH,PO, previously
dried at 103 = 2C for 2 hours and dilute to 1 litre. This solution contains 1000
mg/litre phosphorus.

Potassium dihydrogen phosphate solution (standard phosphorus solution).

Dilute the phosphorus stock solution with water to obtain a suitable range of standard
solutions containing 10 mg/litre to 80 mg/litre phosphorus.
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Ammonium vanadate solution, 0.05% w/v in 1.5 M nitric acid

Ammonium molybdate solution, 1.5% wiv

Molybdovanadate reagent

Mix together 150 ml of the ammonium vanadate solution and 100 ml of the
ammonium molybdate solution. Surfactant (phosphorus free) may be added if
necessary.

Procedure

Preparation of the sample solution

Weigh to the nearest mg about 5 g of the sample and transfer to a stoppered bottle
of about 1 litre capacity. Add 500 ml citric acid solution to the sample in the bottle.

Shake the bottle rapidly so as to avoid the possibility of caking. Continue shaking for
further 30 minutes.

Filter immediately through a suitable filter paper and collect sufficient volume of clear
filtrate.

Analysis of sample

Proceed according to Clause 5.5.2 or Clause 5.7.

Calculation

Citric acid-soluble P,Os expressed as percentage of the sample

CxDx0.229

W
where,
C s the concentration of phosphorus, mg per litre in the unknown solution;
D is the dilution factor;
W  is the weight in grammes of the sample taken.

To obtain citric acid-soluble P,Os content of the dry sample, the moisture content
should be taken into consideration.
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8.1
8.1.1
8.2
8.2.1
8.2.2

8.2.3

8.2.4
8.2.5

8.2.6

8.2.7
8.2.8
8.2.9
8.2.10

Determination of neutral ammonium citrate-soluble P,O5

Apparatus

Spectrophotometer

Reagents

Ammonium nitrate solution, 5 percent (w/v)

Neutral ammonium citrate solution

Dissolve 370 g aystalline citric acid, GHgO; monohydrate in 1500 ml of water and
nearly neutralize by adding 345 ml ammonium hydroxide (28-29 percent NHs). Cool
and check pH. Adjust with ammonium hydroxide or citric acid solution to pH 7.0.
Keep the solution in tightly stoppered bottles and check pH from time to time. If pH
has changed from 7.0 readjust.

Nitric acid, concentrated (sp gr = 1.42)

Hydrochloric acid, concentrated (sp gr = 1.18)

Potassium dihydrogen phosphate solution (phosphorus stock solution).

Dissolve in water 4.3928 potassium dihydrogen phosphate, KH,PO, previously dried
at 103 = 2°C for 2 hours and dilute to 1 litre. This solution contains 1000 mg/litre
phosphorus.

Potassium dihydrogen phosphate solution (standard phosphorus solution).

Dilute the phosphorus stock solution with water to obtain a suitable range of standard
solutions containing 10 mg/litre to 80 mg/litre phosphorus.

Sodium hydroxide solution, 1 M.

Ammonium vanadate solution, 0.05% w/v in 1.5 M nitric acid.

Ammonium molybdate solution, 1.5% wiv.

Molybdovanadate reagent

Mix together 150 ml of the ammonium vanadate solution and 100 ml of the

ammonium molybdate solution. Surfactant (phosphorus free) may be added if
necessary.

10



8.3
8.3.1
8.3.1.1

8.3.1.2

8.3.1.3

8.3.1.4

8.3.1.5

8.3.1.6

8.3.1.7

MS 417 : PART 4 : 1994

Procedure
Preparation of sample solution and analysis

Weigh to the nearest mg about 1 g sample and transfer to a 9 cm filter paper placed
on a Buchner funnel fitted to a flask under a light suction. The filter is initially made
wet with 1-2 ml water for proper sealing.

Wash the sample with 24 portions of 10 ml water each by directing a fine stream in
circular path around entire periphery of the filter paper, ensuring the water and solids
are thoroughly mixed in each washing.

Let each portion pass through before the subsequent washing. The total time taken
to complete all the washing is within 1 hour.

If the fitrate is turbid, add 1-2 ml nitric acid transfer to 250 ml volumetric flask and
make up to the mark with water. Shake well and determine water-soluble P,Os as in
Clause 6.

After removing water-soluble P,Os, transfer filter and residue in Clause 8.3.1.1, within
1 hour to 200 or 250 ml flask containing 100 ml ammonium citrate solution previously
heated to 65°C.

Close flask tightly with smooth rubber stopper, shake vigorously until paper is
reduced to pulp, and relieve pressure by removing stopper momentarily.
Continuously agitate stoppered flask in constant temperature apparatus at 65°C.

After 1 hour, remove flask from heating apparatus and immediately filter by suction
as rapidly as possible through Whatman No. 5 paper, or equivalent, using Buchner
or ordinary funnel.

Wash with about 350 ml water at 65°C, allowing time for thorough draining. If
material yields cloudy filtrate, wash with 5 percent ammonium nitrate solution.

Transfer paper and contents into a 400 ml beaker. Add 10 ml concentrated
hydrochloric acid and then 5 ml concentrated nitric acid. Gently boil the solution as
in Clause 5.5.1 for total P,Os determination. Cool, transfer to a 250 ml volumetric
flask and dilute to the mark with water.

Mix well and determine the ammonium citrate-insoluble P,Os as in Clause 5.5.2.

Determine the total P,Os of the sample as in Clause 5.

11
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8.4

8.4.1

8.4.2

9.1
9.1.1
9.2
9.2.1
9.2.2

9.2.3

9.24

Calculation

Neutral ammonium citrate - soluble P,Os content expressed as percentage of the
sample

(Y - X - R) x 0.229

w
where,

Y s the total phosphorus content, mg of the sample of weight, W;
X is the water-soluble phosphorus content, mg of the sample of weight, W;

R is the ammonium citrate-insoluble phosphorus content, mg of the sample of
weight, W;

W is the weight in grammes of the sample taken.

To obtain neutral ammonium citrate-soluble P,Os content of the dry sample, the
moisture content should be taken into consideration.

Determination of formic acid-soluble P,Os5

Apparatus

Spectrophotometer

Reagents

Nitric acid, concentrated (sp gr = 1.42)

Formic acid solution, 2 percent (v/v)

Add 10 ml of concentrated formic acid (sp gr = 1.22) to 500 ml.

Potassium dihydrogen phosphate solution (phosphorus stock solution).

Dissolve in water 43928 g potassium dihydrogen phosphate, KH,PO, previously
dried at 103 = 2C for 2 hours and dilute to 1 litre. This solution contains 1000
mg/litre phosphorus.

Potassium dihydrogen phosphate solution (standard phosphorus solution).

Dilute the phosphorus stock solution with water to obtain a suitable range of standard
solutions containing 10 mg/litre to 80 mg/litre phosphorus.

12
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Ammonium vanadate solution, 0.05% w/v in 1.5 M nitric acid.
Ammonium molybdate solution, 1.5% wiv.
Molybdovanadate reagent

Mix together 150 ml of the ammonium vanadate solution and 100 ml of ammonium
molybdate solution. Surfactant (phosphorus free) may be added if necessary.

Procedure

Preparation of the sample solution

Weigh to the nearest mg about 5 g of the sample and transfer to a stoppered bottle
of about 1 litre capacity. Add the 500 ml formic acid solution to the sample in the

bottle.

Shake the bottle so as to avoid the possibility of sample caking. Shake continuously
for 30 minutes.

Filter immediately through a suitable filter paper and collect sufficient volume of clear
filtrate.

Analysis of sample

Proceed according to Clause 5.5.2 or Clause 5.7.

Calculation

Formic acid-soluble P,Og5 content expressed as percentage of the sample

CXDx0.229

where,

C s the concentration of phosphorus, mg per litre in the unknown solution;
D s the dilution factor;

W is the weight in grammes of the sample taken.

To obtain formic acid-soluble P.Os content of the dry sample, the moisture content
should be taken into consideration.

13



MS 417 : PART 4 : 1994

10.

10.1
10.1.1
10.1.2
10.2
10.2.1
10.2.2

10.2.3

10.3

10.4

10.4.1

10.4.2

Determination of free phosphoric acid (as P,Os)

Apparatus

Distillation apparatus

Soxhlet extractor

Reagents

Acetone

Standard sodium hydroxide solution, 0.1 M.
Bromocresol green indicator solution

Dissolve 0.1 g of bromocresol green in 200 ml of 95 percent ethanol or industrial
methylated spirit.

Procedure

Weigh to the nearest mg about 2.5 g of the sample and transfer to a soxhlet
extractor. Add about 100 ml of acetone and extract for three hours. Cool and distil
off the acetone. Dissolve the residue in water and make up the volume to 250 ml.
Pipette 100 ml of this solution and titrate with standard sodium hydroxide solution
using bromocresol green as indicator until the colour just changes from yellow to
blue.

Calculation

Free phosphoric acid (as P,Os) percent by weight = C x V x 17.75

where,

C is the concentration in moles per litre of the standard sodium hydroxide
solution;

V is the volume in millilitre of standard sodium hydroxide solution used;
W is the weight in grammes of the sample taken.

To obtain free phosphoric acid content of the dry sample, the moisture content
should be taken into consideration.

14
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projek itu disahkan sebagai yang dikehendaki dan berpadanan dengan usaha yang terlibat. Hasil ini berasaskan
persetujuan sukarela dan memberi pertimbangan kepada kepentingan pengeluar dan pengguna. Standard-
Standard Malaysia adalah sukarela kecuali is dimestikan oleh badan-badan berkuasa melalui peraturan-
peraturan, undang-undang persekutuan dan tempatan atau cara-cara lain yang sepertinya.

Institut ini beroperasi semata-mata berasaskan tanpa keuntungan. la adalah satu badan yang menerima bantuan
kewangan dari Kerajaan, kumpulan wang dari bayaran keahlian, hasil dari jualan Standard-Standard dan
terbitan-terbitan lain, bayaran-bayaran ujian dan bayaran-bayaran lesen untuk mengguna Tanda Pengesahan
SIRIM dan kegiatan-kegiatan lain yang berhubung dengan Penstandardan, Penyelidikan Perindustrian dan
Khidmat Perunding.

STANDARDS AND INDUSTRIAL RESEARCH INSTITUTE OF MALAYSIA

The Standard and Industrial research Institute of Malaysia (SIRIM) is established with the merger of the
Standards Institution of Malaysia (SIM) and the National Institute for Scientific and Industrial Research (NISIR)
under the Laws of Malaysia Act 157 on 16" September 1975: Standards and Industrial Research Institute of
Malaysia (Incorporation) Act 1975. The Institute is vested with the power to provide for the promotion and
undertaking of industrial research and for the preparation and promotion of standards for commodities,
processes, practices and services; and to provide for matters incidental to or connected with those purposes.

One of the functions of the Institute is to prepare Malaysian Standards in the form of specifications for materials
and products, methods of testing, codes of sound and safe practice, nomenclature, etc. Malaysian Standards are
prepared by representative committees which co-ordinate manufacturing capacity and production efficiency with
the user’s reasonable needs. They seek to achieve fitness for purpose, simplified production and distribution
replacement interchangeability, and adequate variety of choice without wasteful diversify.

Malaysian Standards are prepared only after a full enquiry has shown that the project is endorsed as a desirable
one and worth the effort involved. The work is based on voluntary agreement, and recognition of the community
of interest of producer and consumer. The use of Malaysian Standards is voluntary except in so far as they are
made mandatory by statutory authorities by means of regulations, federal and local by-laws or any other similar
ways.

The Institute operates entirely on a non-profits basis. It is a grant aided body receiving financial aid from the
Government, funds from membership subscriptions and proceeds from sales of Standards and other
publications, fees and licence fees for the use of SIRIM Certification Mark and other activities associated with
Standardization, Industrial Research and Consultancy Services.



