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About This Series 

1 his booklet is part of a series intended to provide 
recom mended methods for determining the quality of 
vater and associated materials. In addition, short 
i eviews of the more important analytical techniques of 
interest to the water and sewage industries are included. 

In the past, the l)epartment of the Environment and its 
predecessors, in collaboration with various learned soci- 
eties, have issued volumes of methods for the analysis of 
water and sewage culminating in 'Analysis of Raw, 
Potable and \Vaste \Vaters'. These volumes inevitably 
took some yeats to prepare, so that they were often 
partially out of date before they appeared in print. The 
Prescilt series is published as a series of booklets on single 
or related topics, thus allowing for the replacement or 
addition of mcthodsas quickJy as practicable without 
the need for waiting for the next edition. The rate of 
publication is also related to the urgency of the require— 
incnt for that particular method. 

Although ideally, all methods published should be fully 
tested, this is not often possible without delay in publi- 
cation. urtherniore, the limit of detection, range, preci- 
sion and interference effects applying to instrumental 
methods can depend on the actual instrument used, as 
vcll as on sample type, reagent purity' and operator skill, 
etc. Iven methods tested in many laboratories have been 
known to acquire problems, for example, when new 

oducts appear (introducing new substances into efflu- 
ents), vlrcii changes in production methods affect reag- 
ent quality, or when the method is used to analyse new 
typc of sample (despite apparent similarity to samples 
already evaluated). As a guide, the following categories 
have been given to methods: 
(i) tested, usually in five or more laboratories 

— no grade indicated; 
(ii) tested in one to three or four laboratories 

— .1 entativc; 
(iii) evaluated, but not fully tested, but publication is 
urgently redluired 

Note; 
(iv) tested and found to he satisfactory by several lab- 
oratories, but in the Opinion of experts requires a high 
clcgr cc of skill or has some other difficulty such that the 
method would be replaced if a better method were 
(liscoVercdl. 

— Provisional. 

1 lie aim is to 1)1 ovide as complete and up to date a 
collect ion of methods and reviews as is practicable, 
which vill, as far as possible, take into account the 
analytical facilities available in different parts of the 
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United Kingdom, and the quality criteria of interest to 
those responsible for the various aspects of the water 
cycle. Because both needs and equipment vary widely, 
where necessary, a selection of methods may be recom- 
mended for a single determinand. It will he the responsi- 
bility of the users and senior technical staff, to decide 
which method to use for the determination in hand. 
\Vhilst the attention of users is drawn to any special 
known hazards which may occur with the use of any 
particular niethod, responsibility for proper supervision 
and the provision of safe working conditions must 
remain with the user. 

The preparation of this series and its continuous revision 
is the responsibility of the Standing Committee of Ana- 
lysts (to review Standard Methods for Quality Control of 
the Water cycle). The Standing Committee of Analysts is 
a committee of the Department of the Environment set 

up in 1972. Currently it has nine working groups, each 
responsible for one section or aspect of water cycle 
quality analysis. They are: 

1 .0 General principles of sampling and accuracy of 
results 

2.0 Microbiological methods 
3.0 Empirical and physical methods 
4.0 Metals and metalloids 
5.0 General nonmetallic substances 
6.0 Organic impurities 
7.0 Biological monitoring 
8.0 Sewage works control methods 
9.0 Radiochemical methods. 

The actual methods and reviews are produced by smaller 
panels of experts in the appropriate field, in co- 
operation with the working group and the main com- 
mittee. The names of those associated with these 
methods are listed at the back of this booklet. 

Publication of new or revised methods will he notified to 
the technical press. A current list of publications can be 
obtained from the Secretary. 

Every effort is made to prevent errors from occurring in 
the published text. Correction notes and minor additions 
to published booklets not warranting a new booklet in 
this series will be issued periodically. 1-lowever, should 
any errors be found, please notify the Secretary. 

Dr 1) \EST WOOl) 
Secretary 

5 August 1992 



Warning to Users 

1 he analytical procedures given in this booklet should 
only be carried out by conlpetent trained persons, with 
adequate supervision when necessary. 

I ocal Safety and COSI Iii Regulations must be 
observed. 

I aboratory procedures should he carried out only in 
1 opei ly equipped laboratories. 

lield operations should he conducted with due regard to 
possible local hazards, and portable safety equipment 
should he carried. 

('are should he taken against creating hazards for one's 
self, one's colleagues, those outside tile laboratory or 
work place, or suhsecuently for maintenance or waste 
disposal workers. \Vhere tile Committee have considered 
that a special unusual ha7ard exists, attention has been 
di awn to this ill the text, so that additional care might be 
taken beyond that which should be exercised at all times 
when carrying out analytical procedures. Reagents of 
adequate purity must he used along with properly main— 
taitied apparatus and equipment of correct specifica- 
tiolis. Specifications for reagents, apparatus and 
equipment are given in manufacturers' catalogues and 
various published standards. If contamination is sus- 
pected, reagent purity should he checked before use. 

1 he best safeguard is a thorough consideration of haz- 
ards and tile consequent safety precautions and remedies 
veIl in advance. Without intending to give a complete 
checklist, points that experience has shown to he often 
forgotten include: laboratory tidiness, stray radiation 
leaks (including ultra violet), use of correct protective 
clothing and goggles, removal of toxic fumes and wastes, 
containlilent in the event of breakage, access to taps, 
escape routes, and the accessibility of tile correct and 
pi operly maintained first—aid, fire—figilting and rescue 
equipment. I lazardous reagents and solutions should 
always he stored in plain sight and below face level. 
Attention should also he given to potential vapour and 
fire risks. If in doubt, it is safer to assume tilat the hazard 
may exist and take reasonable precautions, rather than 
to assume that n ilazard exists until proved otherwise. 

1 here ale numerous handbooks on first aid and labora- 
tory safety. Among such publications are: 'Safe Prac- 

tices in Chemical Laboratories' and 'hazards in the 
Chemical Laboratory', issued by the Royal Society of 
Chemistry, London: 'Safety in Biological Laboratories' 
(Editors 1-lariree and Booth), Biochemical Society 
Special Publication No 5, The Biochemical Society, 
London, which includes biological hazards; and 'The 
Prevention of Laboratory Acquired Infection', Public 
Health Laboratory Services Monograph 6, IIMSO, 
London. 

It cannot be too strongly emphasised that prompt first 
aid, decontamination, or administration of the correct 
antidote can save life; but that incorrect treatment can 
make matters worse. It is suggested that both supervisors 
and operators he fanìiliar with emergency procedures 
before starting even a slightly hazardous operation, and 
that doctors consulted after any accident involving 
chemical contamination, ingestion, or inhalation, be 
made familiar with the chemical nature of the injury, as 
some chemical injuries require specialist treatment not 
normally encountered by most doctors. Similar warning 
should be given if a biological or radiochemical injury is 
suspected. Some very unusual parasites, viruses and 
other micro-organisms are occasionally encountered in 
samples and when sampling in the field. In the latter 
case, all equipment including footwear should he disin- 
fected by appropriate methods if contamination is sus- 
pected. If an ambulance is called or a hospital notified of 
an incoming patient, give information on the type of 
injury, especially if poisoning is suspected, as the patient 
may be taken directly to a specialized hospital. 

Safety while Sampling 
Prior consideration must be given, especially when sam- 
pling in confined spaces or where access is difficult, to 
guard against suffocation, drowning, falls and poison- 
ing or infection by ingestion, inhalat ion or skin contact. 

Good Laboraton Practice 

The Department of Health issues a booklet entitled: 
(iood Laboratory Practice; the United Kingdom Com- 
pliance Programme, 1989. This can he obtained by 
Writitlg to that Department in London. It deals chiefly 
with toxicity studies, hut much call be applied to analyti- 
cal chemistry. 



Introduction 

I 

• l'liosphorus may he present in water, effluent and sewage in a variety of physical and 
chemical forms. Sec section 1)1. 

2. For natural waters (fresh and saline) as well as for wastewaters (sewages arid 
effluents) it is usually sufficient to determine the orthophosphatc present, as this is the 
form of phosphorus most readily available to hiota. The spectrophotometric method A 
described in this booklet, which is based on the formation of an antimony containing 
phosphomolybdenuni blue complex, is rapid and well suited to routine analysis and to 
automation, It should he noted that it is probably more appropriate to refer to the 
determinand as 'available phosphate' as there is a possibility that the acidity of the 
reagent may cause hydrolysis of the most labile organic phosphates to produce extra 
phosphate. Total dissolved phosphorus (inorganic and organic) can also he determined 
by application of the method following a preliminary decomposition stage (eg perox- 
odisulphate oxidation or liv photolysis (sec Part D for the various prctreatments). 
Method B is based on the direct spectrophotometric measurement of a coloured 
phosphovanadomolybdate complex, without prior reduct ion to the more common blue 
complex. It is less sensitive than method A arid can he used to determine higher 
concentrations without predilution. Both these methods can also be applied to the 
determination of total phosphorus in parEiculates (>0.45 tni), sediments and sewages 
using digests prejared by preliminary treatment of the samples. 

3. Part C outlines the various separations and determinations of phosphorus containing 
ions which are described in the various methods given in Ref I 

4. Silicon may also he present in water, effluents and sewage in a variety of physical and 
chemical forms. Sec section (11 

5. often, for natural waters (fresh and saline) and wastewaters it is sufficient to 
cleterniinc the soluble rnononieric and dinieric forms of silicon. The spectrophotonietric 
methods described in sections F arid F of this booklet, based on the formation of a 
silicomolybdenuni blue complex will determine the sum of both. 

6. Method F describes an established method for silicon based on the use of I -amino-2- 
naphthol-4 sulphonic acid (ANSA) to achieve the reduction step and is intended for the 
analysis of clean waters, especially those with low silicon content. The use of Metol as a 
rcductant is also mentioned. 

7. Method I describes a relatively new method for silicon based on the use of ascorbic 
acid to achieve the reduction step. The spectrophotometric measurement is made at 
700 mu in 10 mm cells, which makes it particularly suitable for a wide range of silicon 
concentrations up to 100 mgl. I, although it can easily he modified to increase or 
decrease the sensitivity. 

8. Testing has shown that with slight adaptation, both methods F and F can he 
interchanged. Analysts wishing to do this are advised to re-check the performance 
characteristics of the particular method used. 

9. Occasionally it may be necessary to determine monomeric, dinieric and polymeric 
forms of silicon or total silicon. For these purposes a series of pretreatnients is described 
in Part 0. Silicones are unlikely to occur. If their presence is known or suspected consult 
reference 2. 



10. Methods A, F and F make use of phosphomolybdenum or silicomolybdenuni blue 
complexes which rely on the initial formation of heteropolymolybdic acids prior to 
reduction to the blue complex. Method B uses an alternative unreduced phosphorus 
heteropoly acid. There are a large number of poly and heteropoly acids, formed by 
inolyhclates and tungstates with phosphorus (V), arsenic (V), silicon (IV), germanium 
(IV), titaniuni (IV), and also with cobalt (II) and (Ill), nickel (II) and (IV) and vanadiuni 
(V). \Vhich acid is formed is highly dependent on the particular niolybdate (or tungstate) 
used (paramolybdate Mo7 0246 is the one usually used for analysis), on the molyb- 
clenum concentration and acidity of the solution, the other ions present (such as tartrate 
or oxalate), and in some instances on the temperature and reaction time. Interconver- 
sion can also occur, as with silicomolybdate, the rate being dependent on many 
variables, including for example, salinity. Molybdenum and other metals such as 
tungsten, vanadium, titanium and iron form Berthollides (a non-stoichiometric series of 
compounds), all highly coloured, in which some of the metal atoms in the complex 
lattice are one valency below (or above) the others, the strong colour being due to the 
electron charge transfer phenomenon. As molybdenum can form almost continuous 
series of berthollides from 6 valent to 4 valent, with varying colours and solubilities, it is 
equally essential for reliable analysis that both the conditions for the initial heteropoly 
acid formation and the reduction are carefully controlled. The reduction-oxidation 
potential to a blue complex varies between the various poly and heteropoly acids and a 
combination of these effects can be used to differentiate between species of hetero 
atoms, eg phosphorus or silicon. Only a few reducing agents such as ascorbic acid and 
tin (II) are efficient reductants for phosphomolybdates and large amounts of oxalate 
and tartrate can cause interferences with the reduction. however most reductants are 
suitable for reducing silicomolybdates to a molybdenum blue complex. For further 
information, consult a modern text hook on inorganic chemistry (eg Ref 3). 

II . Both silicon and phosphorus can be determined by optical emission spec- 
trophotometry and these techniques are covered in Part II. 

12. \Vhen making trace level determinations, it is essential to consider sources of 
contamination and to check ecluipment and materials thoroughly. Both phosphorus and 
silicon are found in many cleaning materials and glassware. Phosphorus is found in 
matches and both can occur in dust and ashes. Not all phosphorus or silicon compounds 
are white. If in doubt, check. 

13. Biota in any sample probably contain phosphorus and silicon and consideration 
should he given as to whether this needs to be determined, If not, care should he taken to 
avoid contamination from this source. 

14. By convention, silicon is normally reported as silica (Si02) in water 
procedure has been adopted throughout this booklet. No similar convention exists for 
phosphorus which is variously reported as the element (P), the pentoxide (P205), 
orthophosphate (P043 - ), or other specified ion. In this booklet, phosphorus is reported 
as the element. Analysts should make it clear which method of reporting is being used. 
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Determination of Phosphorus 

Methods A, B, C and H plus Pretreatments in D 
See also Introduction notes 1—3 and 10—14. 



Phosphorus in Waters, Effluents and 
Sludges by Spectrophotometry— 
phosphomolybdenum blue method 

Al Performance 
Characteristics of the 
Method 

(l:oi further information 
on t lie determination and 
definition of performance 
characteristics see Ref 34) 

Note: Throughout this method phosphorus is expressed as the element (P). 
All data given are based on a 40 nil sample volume. 

Al .1 Substance determined Reactive phosphorus (see section A2). 

Al .2 Type of sample Saline and non saline waters, effluents and 
sewages (and also digested samples where the 
phosphorus concentration of the digest is 
within the range of this method). 

Al .3 Basis of method Reaction with the acidic molybdate reagent in 
the presence of antimony to form a phospho- 
molybdenum blue complex, the concentration 
of which is measured spectrophotometrically. 

Al .4 Range of application (a) 0 to 0.40 mgI;' (The range may be extended 
by dilution, see section A 10). 

Al .5 Calibration curve (a) Linear to 0.4 mgL-'. 

Al .6 Standard deviation (a) 

*svithii, batch standard deviation 

Total 

Al .7 I imit of detection (a) 

Al .8 Sensitivity (a) 

0.003-0.006 mgL-' (35 degrees of freedom) 

0.25 mgL' gives an absorbance at 882 nm in a 
40 mm cell of approximately 0.6. 

Al.9 Bias(a) 

Al .10 Interferences 

No important sources of bias were detected, 
except where interferences were present. 

See sections A3, D5 and Introduction note 10. 

Al .11 Time required for analysis 
(a) 

The total analytical and operator times are vir- 
tually the same and for 50 samples are equal 
to 2 h (4 h if turbidity/colour correction is 

required). 

(a) These data were obtained at the Water Research Centre, the Freshwater Biological 
Association, Windermere Laboratory and the former Yorkshire \Vater and North 
West \\'ater Laboratories. I)ata obtained using 40 ml. of sample. 

(h) I)eionized water spiked with the stated phosphorus concentration, as K'}12P04 

Phosphorus 
concentration 

standard Degrees of 
deviation freedom lype of sample 

(mgI;') (rngL-') 
Standards (b) 0.00 0.001* 6 
Standards (h) 0.04 0.002 14 
Standards (b) 0.35 0.003 14 

Standards(b) 0.60 0.005 1.1 

River water 0.36 0.004 14 
Sea water 0.07 0.002 14 
Lime treated sewage 0.32 0.015 14 



A2 Principle The method described is based on that developed by Murphy and Riley (Ref 4) and 
experimental work carried out at the Water Research Centre (Ref 5), Stevenage 
laboratory and Iniperial Chemical Industries Laboratories (Ref 6). Orthophosphate 
ions in the sample are reacted with a mixed reagent containing molybdate, hydrogen 
ions, antimony (III) and ascorbic acid. The reaction leads to the formation of two 
isonieric heteropoly acids, which are subsequently reduced to give a phosphoantimonyl 
molybdenum blue complex, the absorbance of which is measured. 

ihe acidic conditions used may lead to gradual hydrolysis of condensed phosphates and 
the more labile organic phosphates, if present. For this reason, the determinand is 
referred to as reactive phosphorus rather than orthophosphate. This hydrolysis can be 
minimized by making the photometric measurement within 10—15 mm after addition of 
the mixed reagent. 

Tests have shown that, at 20°C, phosphornolybdenum blue formation is usually 
completed in 3-4 minutes. 

A3 Interferences A3.1 There is little detailed information about the effects of interferences in the 
(see also Ref 12) method. CIenerally, no interference problems, other than those listed below, are likely 

with unpolluted saline and fresh waters (eg there is no 'salt error'). The possibility of 
interference should be considered, particularly with polluted samples and at phosphorus 
levels close to the limit of detection. 

A3.1.l Arsenic 
Arsenic present as arsenate is potentially a source of serious error at high As/P ratios as 
it forms an analogous arsenomolybdenum blue complex. As the rate of formation of the 
arsenic complex is slow, interference can be greatly reduced by making photometric 
measurement 6 minutes after the addition of the mixed reagent. At full colour 
development, 0.025 mgI;' As gives a similar response to 0.015 mgI-1 P (40 ml, sample 
volume). Interference from As can be eliminated by reducing it to arsenite (see section 
1)5). 

A3. 1.2 Silicate 
Silicate causes negligible interference in the determination of phosphate at room 
temperature as the formation of silicomolybdenum blue is inhibited by the high 
[11 ]:[Mo] ratio used (Refs 7 and 8). Koroleff has reported that 5 mgL' Si gives an 
absorhance of 0.003 at 880 nm in a 10 cm cuvette after 30 mm. Interference from Si can 
he considerably reduced by carrying out spectrophotometric measurements 6—10 
minutes after addition of the mixed reagent as the kinetics of formation of the 
molybdenum blue complex are relatively slow. 

A3.1.3 Chromium 

Cr(Vl) is reported to interfere at 1 nigl;' level (Ref 9). 

A3. 1 .4 Oxidizing agents 
The action of oxidising agents in this method is complex. They may destroy the reducing 
agent, or subsequently reoxidize the phosphomolybdenum blue complex. 

A3. 1 .5 Nitrite 

A concentration of I mgi;' N (as nitrite) may be tolerated in the presence of 0.1 mgI;' 
phosphorus, but the interference of nitrite is both complex and variable and appears to 
he related to exposure to air. 

salt error—high concentrations of ions not common to a reaction increase the overall 
ionic strength of the solution and so change the solubility of salts and equilibria of 
complex formation. For details consult standard works on physical chemistry. 



A3.1.6 Nitrate 
Nitrate nitrogen may he tolerated up to 20 gI;' (as N) provided that the absorhance is 
measured within 2 hours of colour development. 

A3.1.7 Suiphide 
Interference from suiphicle is complex, variable and dependent on conditions, reacting 
with both antimonate and niolybdate to form thioacids. Complete removal is advocated 
(by oxidation to sulphate or by aspiration with nitrogen, see Ref 10). 

A3.2 Removal of interferences 
1 here is no single pretreatment that will systematically deal with all interference 
problems. There are, however, certain processes that will have a selective effect and the 
analyst must use discretion in their application. 

A3.2. I The effect of oxidizing agents and arsenate may be overcome by treatment with 
an excess of metabisulphite/thiosulphate in acid solution (Ref 11). The presence of 
sulphur dioxide has no influence on the final production of molybdenum blue, hut the 
treatment can only he applied to determinations of inorganic phosphorus and total 
phosphorus, ie where hydrolysis is acceptable, as opposed to the determination of 
dissolved reactive phosphorus (see section D5). 

A3.2.2 A slight excess of suiphamic acid is effective in breaking down nitrite; 100 nig 
of the acid will deal with a nitrite concentration of 10 mgI;' N in a 40 ml. aliquot of test 
solution. 

A4 Hazards Several reagents, eg antimony potassium tartrate, ammonium molybdate and industrial 
methylated spirits are poisonous; care should be taken at all times. 

Acids and alkalis are used niaking it advisable to wear protective clothing and suitable 
eye protection. 

A5 Reagents Analytical reagent grade chemicals are suitable. 

A5.1 Water 
The water used for blank determinations and for preparing reagent and standard 
solutions and for dilution purposes, should have a phosphorus content that is negligible 
compared with the smallest concentrations to be determined in the samples (see section 
All .1). l)istilled or deionized water is usually suitable. 

A5.2 14°o V/V Sulphuric acid 
Add slowly and cautiously, with stirring, 140 ± 2 ml. of sulphuric acid (d20 1.84) to 
800 10 ml. of water in a 2-litre beaker immersed in cold water, allow to cool and dilute 
to about 1 litre. Store in a glass bottle. 

A5.3 4o rn/V Ammoniurn rnolvbdate 
I)issolve 20 0.2 g of finely ground ammoniuni molybdate (N114)61V1o702441l20 in 
water and dilute with water to 500± 10 mL. Store in a polyethylene bottle. 

A5.4 O.28°,o rn/V Antimony potassium tartrate 
l)issolve 0.26 ± 0.01 g of antimony potassium tartrate (K(ShO)C4}1406) in water, 
warming, if necessary and dilute with water to 100 ± I ml. Store in a borosilicate glass 
bottle, in a refrigerator. 

A5.5 1.76Yo rn/V Ascorbic acid 
I)issolve 1.76±0.02 g of ascorbic acid in 100±1 ml. water. This solution must he 
prepared just before use, prepare only as much as is required, scale up if necessary. A 
full hatch of Mixed Reagent (A5.6) requires 150 ml.. 
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A5.6 Mixed reagent 
A quantity suitable for 50 determinations may he prepared by mixing together, in the 
order given, 250 2 ml, of 14o V/V sulphuric acid, 75 I ml. of 4 rn/V ammoniurn 
molybdate, 150 2 ml of I .76'o rn/V ascorbic acid and 25 ± 0.5 ml. of 0.28o ni/V 
antimony potassium tartrate, mixing after each addition. This reagent should be 
prepared fresh as required and kept in a refrigerator when not in use. Under these 
conditions it should be suitable for use during 1 working day, any excess remaining after 
one day should be discarded. Do not prepare more than is required. 

A5.7 Sodium hydroxide solution (M). May be required to neutralize sonic samples 

Cautiously dissolve 20 + I g of sodium hydroxide pellets in about 400 nil, of water. Cool 
and dilute with water to 500 ± 10 ml.. Store in a polyethylene bottle. 

AS.8 Sulphuric acid (M). May he required to neutralize some samples. 
I)ilute 20 ml of I 4'o V/V sulphuric acid with water to 100 ± 10 ml. Store in a glass or 
polyethylene bottle. 

A5.9 O.5°/o rn/V Phenolphthalein solution 
l)issolve 0.5 0.05 g of phenolphthalein in 60 ± I ml. industrial methylated spirit. Add 
40t I nil, water. Mix well and store in a glass dropper bottle. 

A5.1O Standard phosphate solutions 

A5.10.1 Solution A 1 mL is equivalent to 100 tg P 

I)issolve 0.4394 ± 0.0005 g of potassium dihydrogen orthophosphate (KI12P04), previ- 
ously dried at 105°C and cooled in a desiccator, in water and dilute to I litre in a 
calibrated flask. Store in the dark in a borosilicate glass bottle in a refrigerator. This 
solution is stable for at least 3 months. 

A5.10.2 Solution B 1 mL is equivalent to 1 tg P 

l)ilute 10.00 + 0.02 ml of solution A with water to I litre in a calibrated flask. This 
solution may he stored in a refrigerator and is stable for up to a few days, however it 
should he prepared freshly when required. 

A6 Apparatus A6.1 Spectrophotorneter 
A spectrophotometer for use at 882 nm and capable of accepting 40 mm cells is suitable. 
If this wavelength is not obtainable, a wavelength of 725 nm may he used with 
approximately 70'o of the sensitivity at 882 nm. Alternatively, a filter photonieter with 
a suitable red filter may he used, but a loss of sensitivity will occur and the results will he 
less reliable, linearity of calibration should be checked. 

A6. 1 .1 40 mm optically matched cells 

Both sample and reference cells should be kept scrupulously clean and should not be 

interchanged. They should always be placed in the same position in the holder with the 
same face towards the light source. 

10 mm cells may he used, hut a fourfold loss of sensitivity will occur, different standards 
should he used and the calculation should be adjusted. 

For greater sensitivity 100 mm cells can be used with a suitably large capacity 
spect ro photometer. 

A6.2 Classware 
Glassware should he cleaned and allowed to stand overnight filled with sulphuric acid 

(d12( 1 .84), then rinsed several times with water and stored filled with water. On no 
account should glassware he allowed to conic into contact with detergents or alkaline 
liquids. 

With reasonable care, the acid hardening treatment need only be repeated occasionally. 



A7 Sample Collection A7.iI Phosphate is readily adsorbed on to many plastic surfaces. For this reason, good 
and Preservation ciuality horosilicate glass containers niust be used. They should first be conditioned as 

described in A6.2 arid stored in a dark, cool place. The use of plastic containers for 
samples at higher concentration ranges may he acceptable. Sonic losses may occur, but 
they may he small in relation to the phosphate present and at lower concentrations the 
suitability must he ascertained. Ideally, waters should be analysed as soon as possible 
after sampling as there is rio generally satisfactory niethod of long term preservation. 

Refrigeration (without freezing) is reasonably effective over short periods of storage (eg 
a few days). 

Some samples may require filtering on site to ensure changes do not occur during transit 
or storage (see also Part 1)1). 

A7.2 Sample pretreatment 
l'he majority of samples encountered probably require no pretreatment at all, except 
possibly, the need to eliminate interference as given in sect ion A3. 

If other forms of phosphorus, in addition to reactive phosphorus, are to be determined 
consult I'ar( I). 

A7.3 As a guide to analysts supporting algology projects, if the niajor requirement is 
to measure 'dissolved reactive phosphate' in saniples containing less than 25 j,rgl;' P, 
carry out one of the following procedures: 

(a) filter the saniple 'on site' through a glass fibre paper, pre-washed with about 500 ml, 
of water (Ref 13), into a suitable bottle arid analyse within 3 hours of sampling. 

If this is not possible, filter the saniple through a pre-washed 0.45 pm nienibrane filter 
within 3 hours of sampling and store in the dark at, or close to, 4°C. The delay should he 
stated. 

NOTE. If the pressure drop of the filter is too high or if the sample is allowed to freeze, 
changes of dissolved phosphate concentrations may result from biological cell rupture 
arid the release of phosphate into the solution. 

'On Site' filtration niay be mandatory depending upon which forms of phosphate are to 
he measured. The insoluble phosphate content of an unfiltered sample can increase due 
to the continuation of zooplanktori activity to give deposits containing phosphate. 

A8 Analytical 
Procedure 

Step Procedure Notes 

Analysis of sample 
(see note a and section AlO) 

A8.l Transfer a suitable volume V ml, (riot exceeding (a) The sample may be the original sample or a 
40 iii!.) of the sample to a 50 ml, calibrated flask pretreated sample. If necessary it should be just 
(note h) neutralized to phenolphthalein by addition of 

sodium hydroxide solution (NI) or sulphuric acid 
(NI) as appropriate and its temperature adjusted 
to 15—25°C. 

(b) See section AlO for suitable sample volume. 

Add sufficient water to produce a volume of (c) An automatic pipette is suitable for dispensing 
40 I nil., add 8 a 0.2 nil, of mixed reagent (note this reagent. 
c), dilute to the niark with water, stopper and niix 
ve1l (note d). (d) For shipboard use, it is convenient to substitute 

the calibrated flask by a conical flask arid o" 
the making up to volume stage. 
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Step Procedure Notes 

AS. 2 After at least 6 minutes but within 10— 15 minutes, 
(see A2) (note e) measure the absorbance of the 
solution at 882 nm (note f) using 40 mm cells, the 
teferenec cell being filled with water (notes g and 
Ii). I et the absorhance = A 

Blank determination 

(e) The colour formed is stable for up to 24 hours, 
but there is a tendency for some non reactive 
phosphorus to hydrolyse in the acid solution 
giving rise to a slow increase in colour intensity 
when determining reactive phosphorus. 

(f) The exact wavelength of maximum absorption 
must be checked for each instrument and used 
throughout the analytical procedure. This maxi- 
mum should be checked at regular intervals and 
after each service. If this wavelength is not 
achievable see section A6. I 

(g) If greater sensitivity is required, longer cells may 
be used, eg 100 mm with proportional increase 
in absorption. 
For higher concentrations 10 mm cells can be 
used. 

(h) Matched cells should he used. 

A8.3 40 nil of \vatel is used in place of the sample 
through steps AS. I and A8.2 (note i). 
I et absothance he Ab. 

(i) If the water used for the blank determination or 
dilution water contains phosphorus, the blank 
correction will be falsely high and the results for 
samples falsely low. It is the responsibility of the 
user to assess the importance of this error, but 
the following advice may be useful to users of 
this method. 

A reasonable target for the lowest concentration 
of interest is 1 .tgL' P. This implies that a bias 
arising from the phosphorus content of the 
blank water of 0.2 pgl;1 P is acceptable 
(Ref 14). Users should aim to produce consist- 
ently, a high quality blank water satisfying this 
criterion, rather than to estimate the phosphorus 
content of the blank water. Correction is not 
advised as it will lower the precision and accu- 
racy of the test results. 

Therefore, users of the method wanting high 
accuracy should satisfy themselves that the water 
used for blank determinations contains less than 
0.2 p.gL-' P by examining a concentrated sample 
of blank water (Al0.2). The criterion that the 
concentration technique described in AlO.2 
should lower the limit of detection of the analyti- 
cal method means that a concentration factor 
for testing the blank water should he at least 10 
fold greater. 
This preconcentration is not applicable if a 
synthetic sea or other minerali?ed water is used 
as a blank (in order to correct for refractive 
index effects). In which case see A 12.2. 
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Procedure Notes 

Compensation for colour and turbidity 
(note j) 

AS.4 A separate portion of \' ml of the sample is 
piocessed through steps A8.l and A8.2 in exactly 
the same way as the sample, except that 4 ± 0. 1 ml 
of l4° V/V sulphuric acid is used in place of the 
mixed reagent in step A8. I. 
I et the absorhance = A. 

Calculation of results 

AS.5 1 he absorhance A,, due to phosphorus in the 
pi ocessecl sample is given by 

A,z A- Ab 

or when a coriection for colour and turbidity is 
in ad e 

A,: A.- Ab- A 

A8.6 Using the calibration curve and the value of A,, 
determine the mass M (in pg P) of phosphorus in 
the processed sample. (See section A9). 

A8.7 ('alculate the phosphorus concentration, C (note 
k) in the original sample (in mgi;' P) from 

. 
V 

(j) This step may be omitted when it is known that 
the colour or turbidity of the sample is not 
contributing an appreciable fraction of the total 
absorbance. 

(k) A factor may be required if the sample was 
diluted or concentrated before analysis or from 
manipulations during pretreatment stages. 

A9 Calibration Graph 1 he piocedure given in this section must be carried out on at least two independent 
occasions before application of this method to any samples and regularly thereafter. 
Any significant departure from linearity indicates that the technique is suspect at some 
St age. 

lo each of a series of 50 ml. calibrated flasks add 0.00, 1.00, 2.00, 5.00, 10.00, 
15.00 ml of standard phosphate solution B. The flasks now contain 0.0, 1.0, 2.0, 5.0, 
10.0, 15.0 pg P respectively. Subject the solutions to the procedure given in section AS 
steps 1-2. Plot the results for (A — Ab) against pg P. The calibration curve is linear to at 
least 15 pg P. 

A 10.1 Aliquots for higher concentration samples 
Suitable aliquots of sample to he used may be estimated from the following table: 

Expected concentration Aliquot to be used 
(mgi ;'P) 

\\'hen high concentrations of phosphorus are likely to be encountered, it is recom- 
niended that the samples ate diluted to an appropriate concentration and a correspond- 
ing niultiplication factor be incorporated in the calculation of the results. Alternatively, 
10 mm cells could be used, but the calibration standards should be adjusted accordingl\ 

AlO Changiog the 
Concentration Fange of 
the Method 

<0.2 
0.2-0.5 

(ml.) 

40.0 
20.0 

0.5—I 10.00 
1-2 5.00 
2—S 2.00 

5—IS 1.00 



and the linear range of the method must be checked (tests have indicated the limit of 
linearity under these conditions is 50 pg in a 40 ml, sample). 

Method B may also he used. 

A 10.2 I'reconcentration for lower concentrations 
(Not applicable for highly mineralized waters, see A12.2). 
Although concentration of water by evaporation is time consuming and subject to the 
risk of contamination from the atmosphere or equipment used, and to the adsorption of 
phosphorus on to the container walls, a procedure follows which is suitable for use with 
this method. This procedure was tested by concentrating samples of both good quality 
distilled water and a low concentration phosphorus standard (KH2PO4) and deterniin- 
ing the phosphate content. No gain or loss was found. The test also demonstrates the 
absence of normally non-reacting phosphorus compounds such as some organophos- 
phates which hydrolyse on boiling. 

A 10.2.1 Procedure for concentration by evaporation 

Procedure 

A 10.2.1 .1 Set aside in clean, horosilicate aspirators sufficient volumes of the distilled water to be used and of any 
samples concentrated. 

A 10.2.1.2 Assemble the apparatus shown in Figure 1 

A 10.2.1.3 Transfer 1,000 ml. of the water or sample to the 1 litre stainless steel beaker placed on the hot plate. 
I'lacc the inverted funnel in position as shown and start up the air pump. Switch on the hot plate and 
evaporate the water down to about 180 mL. Control the heating to avoid humping or splashing. 

Al0.2. 1.4 Allow the concentrated solution to cool and quantitatively transfer to a 200 ml, volumetric flask, adjust 
the volume by the addition of distilled water. Carry out steps AS. I to A9, to determine the phosphorus 
content. 

A 10.2.1.5 l)ivide the result obtained by 5 to give the concentration of phosphorus in the original water. 

Al 0.2.1.6 ihis determination should he done in niultiplicate and the mean result used. 
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Figure 1 Evaporation Apparatus 
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Notes 1 his procedure replaces A8.3 for blank measurement. The procedure is likely to be impracticable for coloured 
Or turbid waters. 1 he ci-iterion of practicability is that the procedure does not cause precipitation or change in the 
sample absorption wavelength. Blank values must he very low especially, if the sample itself has been pre 
coneent atecl 

All Sources of Error AIl.l Phosphorus content of the water used for blank determinations 
1 he reagent blank, although small, is not insignificant for the most accurate work or 
when less than 0.05 mgI;' P is being determined. \Vhen working with samples at or near 
the limit of detection, a possible bias of this order may be considered important. If this is 
so, the analyst should preconcentrate (see section A 10.2). 

Al1.2 (;olour and turbidity blank 
This measurement is rarely required for every sample, but may he an appreciable 
fraction of the total absorbance for some samples. If the colour and turbidity blank 
gives an absorhance exceeding 0.05, the suspended matter may adversely affect the 
method and consideration should he given to determining the filterable phosphorus 
fraction (see Part D2). 

All.3 interferences 
Attention to detail is essential. See Introduction note 10 and section A3. 

Al 1.4 Determination of different species of phosphorus 
See Introduction notes I and 2 and Part D. 

All.5 Sampling 
If the sample cannot he thoroughly homogenized, the sampling error will exceed the 
analytical error. This is especially true for solid samples and multiphase samples. 

A12 Adaptation to Al2.1 1'he method can he adapted for use on: 
Automatic Analysers i. Air segmented continuous flow analysers (Refs 15 and 16). 

ii. Flow injection analysers (Ref 17). 

iii. I)iscrete analysers (Refs IS and 18). 

A12.2 Recent work at the University of Southampton has shown that the limit of 
detection can he lowered without preconcentration when using flow injection by use of 
long capillary cells, It is necessary to add a phosphorus-free surfactant to prevent wall 
plating. 
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B Phosphorus in Waters and Acidic Digests by 
Spectrophotometry — 

phosphovanadomolybdate method 

Bi Performance 111.1 Substance determined Phosphorus as orthophosphate 
Characteristics of the - - - - 

Method 111.2 'lype of saiiiple \Vaters and acidic digests 
Sec also Ref 34 - — —----- - - 

111.3 Basis of nlethod* The sample, acidified with sulphuric acid, is 
reacted with ammonium molybdate and 
ammonium vanadate to form a yellow col- 
oured soluble complex with orthophosphate. 

111.4 Range of application 0—0.75Vo P (= 0—50 mgl-'P in digest solution) 

111.5 Calibration curves linear 

111.6 Standard deviations** Samples of plant material 
(within batch) Concentration Std I)ev 

0.20o P 0.0l/o P 

Orthophospliate concentration 
10 rngU' P 0.1 niglH p 
50 nigL-' P 0.2 mgL'- P 

111.7 1 iniit of detectionj 1 mgl' P ( = 0.02°Jo P) 

111.8 Sensitivity 50 mgL' P gives an absorbance at 420 nm of 
about 0.3 using a 50 mm flow cell 

111.9 Time required for analysis Analysis time: 40—80 samples per hr. Allow an 
extra hour if solid samples are to be digested. 

Notes 
* See section 112 
** The standard deviations quoted for standard solutions were obtained by analysis in 

ascending order of concentration with 9 degrees of freedom and those quoted for the 
plant material were obtained by successive analysis of replicates also with 9 degrees 
of freedom. 

1- The limit of detection was obtained visually from the recorder traces. 
l)ata from Water Research Centre Report LR1033 July 1979. 

B2 Principle ihe acidic solution is analysed for orthophosphate using an automated colorimetric 
technique which involves the spectrophotometric measurement at 420 nni of the yellow 
coloured heteropoly acid, formed by the reaction between orthophosphate and 
animonium molybdate under acidic conditions in the presence of vanadium. 

B3 Interferences Any substance giving appreciable absorption at 420 nm under the conditions of this 
method. 
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B4 Apparatus An auto-analyser consisting of: 

Sampler 
Proport loliing pump 
('olorimeter fitted with floweell and 420 nm interference fitters, or equivalent 
spect rophotometer 
Recorder 

Assemble the apparatus as shown diagramatically in Figure 2 

B5 Reagents 115.1 Water 
l)istilled water should be used when indicated and the phosphate content of this water 
should he negligible compared with the smallest concentrations to be determined in the 
samples. See A8 note h. 

85.1.1 Add I ml. of wetting agent per litre to the water used to supply the wash 
receptacle on the sampler. 

115.2 Ammoniurn molybdate solution 

I)issolve 25.0 ± 0.1 g ammonium paramolybdate (NI-I4)6 Mo7 024 4H20) in 400 ± 5 ml. 
of water. 

115.3 Acidified ammonium metavanadate solution 

Cautiously with continuous stirring add 65.0±0.1 ml, of sulphuric acid (d20 1.84) to 
500 - 5 nil of water. I)issolve 1.25 ± 0.01 g of ammoniuni metavanadate in this acid 
solution and cool to room temperature. 

115.4 Vanadomolybdate working reagent 
l'our solution 8.5.2 into solution 1-1.5.3. Mix, cool and make up to I litre with water in a 
calibrated flask. Store in a dark glass bottle. This solution is stable for at least four 
weeks. 

115.5 Slock standards solution, I m1O.333 rug P 
I)ry about 2 g of potassium dihydrogen orthophosphate, Kl-12P04 at 105°C for 1 hr. 
Cool in a desiccator. I)issolve 1.4644 ± 0.0002 g of the dried salt in water. Transfer 
quantitatively to a 1-litre volumetric flask and make up to the mark with water. This 
solution is stable for at least 4 weeks. 

115.6 Calibration standard solutions 
Using grade A hurettes, prepare a series of mixed standard solutions by adding 1.50, 3.0, 
6.0, 9.0, 12.0 and 15.0 ml. of the stock solution respectively to 100-nil, volumetric 
flasks* and making up to the mark with water. These calibration standards, which are 
stable for at least one week, contain respectively: 5, 10, 20, 30, 40 and 50 mgl, P. 

* 'I lie volunietiic flasks used to contain the standard solutions are first 'acid-hardened' by soaking them in 
concentrated sulphuric acid overnight and then rinsing them free of acid with water (see A6.2). 

B6 Sample Collection Sec section A6. 
and Preservation 



B7 Analytical procedure 

Step l'rocedure Notes 

117.1 Connect the system as shown in the flow-diagram 
(liurc 2) (note a) and switch on the colorimeter 

117.2 \Vith the saniple probe at rest in the wash- 
receptacle solution, place all the reagent lines in 
their respective reagents (note h) and start the 
punip (note c) 

initial sensiliviI selling 
117.3 \Vhen an acceptably smooth baseline trace is given 

on the measurement unit, adjust the baseline 

response to about S per cent of full scale (note d) 
and then transfer the sample probe into a C 
standard solution (note e). 

117.4 \Vhen there is a positive stable response at the 
measurement unit due to the colour produced from 
the CM standard solution (note f), adjust this 
response to read between 90 and 95 per cent of full 
scale (notes g and Ii). 

117.5 Return the sample probe to rest in the wash 

position (note i). 

Anal sis of samples 
117.6 1 oad the sample tray in accordance with 

mann fact urer' s general instructions (notes j and 

Use calibration standards in ascending order. 
Blank (clistillcd water) and samples should be 
interspersed according to users requirements (see 
notes Ito r) 

(a) Follow manufacturer's general operating 
instructions. See also Ref 15. 

(h) Ensure that there is sufficient of each reagent 
to avoid refilling during a batch of analyses. 

(c) Allow the system to equilibrate and during 
this period check that the bubble pattern and 
hydraulic behaviour of the system are satis- 
factory. If not, eliminate difficulties before 
proceeding to step B7.3 

(d) An elevated setting of the baseline allows for 
any negative drift that may occur. 

(e) C is the greatest concentration that the 
calibration is intended to cover. 

(f) The sample probe need only remain in the C1 
standard solution for sufficient time to give a 
stable reading. 

(g) A setting S to 10 per cent below full scale 
allows for any increase in sensitivity that may 
occur. 

(h) This may be directly possible on some 
measurement units but others may require 
range expansion facilities. 

(I) First remove any traces of CM standard 
solution from the outside of the sample 
probe. 

(j) The tray can be loaded during the initial 
stahilisation period. 

(k) The order can he chosen to suit users 
requirements. 

(I) At least two portions of the blank solution 
should be analysed in succession after a CM 
standard, since the first portion may give a 
falsely-high reading. 

(m) Two portions of the first sample should he 
taken in succession, since the first portion 
may give an erroneous result due to instru- 
mental lag if the change in concentration is 

great. 

(n) A third portion of the first sample is included 
in the last sample in each block of samples for 
quality_control* purposes. 
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Sic1) Procedure Notes 

(o) An 0.5 CM standard solution is analysed at 
the end of each block of samples for quality- 
control* purposes.** 

(p) An 0.8 C1 standard solution is included at 
the end of each block of samples for cali- 
bration checking purposes. 

(ci) The calibration curve may he repeated at the 
end of the batch of analyses if considered 
necessary. 

(r) If cross-contamination occurs between two 
samples (visible on the recorder trace as 
incomplete separation of consecutive 
plateaux), both samples should be repeated. 

117.7 \Vlicn a steady baseline is obtained on the 
measurement unit (after step 147.5) re-adjust the 
baseline IC) about S per cent of full scale if necessary 
and start the sampling unit. 

117.8 \Vlien all the system responses clue to the processed (s) The complete calibration may be checked at 
solutions have appeared on the measurement unit the end of the analytical batch if necessary. 
and a final baseline has been obtained, the unit can 
be switched off. (Note s). 

(aIcLulatioIl of results 

147.9 Plot a calibration curve of measurement unit (t) Providing the blank corrected responses of 
I esponses (y axis) against concentration of the calibration standard analysed at the end 
standard solutions (x axis) (note I). of each group of samples and those at the end 

of the turn-table (if used) are all acceptably 
close to their respective blank corrected initial 
calibration standard response. If not, refer to 
reference 15 for suggested procedures to 
obtain calibration curves. 

147.10 Using the calibration curve, convert the (u) The measurement unit responses of the 
measurement unit responses clue to the samples samples must first he corrected for any 
into concentrations of orthophosphate in the baseline and sensitivity changes. 
samples (note u). i'he results are expressed as 
In!l 1'. 

Slur I —d OW U proced Li res 

117. Il iran sfer all reagent lines to water and continue to 
pump for at least 15 minutes or according to 
maim fact u ret 's instructions. Switch off pump and 
detection unit. 

* .1 he control standard and duplicate samples analysed with each block of samples are required to maintain a 
continuous check of analytical errots of samples and standards. (Ref 14). 

* 1 his control standard, os (' standard solution, is prepared from a different standard stock solution from 
that used to prepare the calibration standards, hut which has been stored under the same conditions. See note 
e above. 

B8 Sources of Error Sec Ref 15. 
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Figure 2 Flow Diagram for Method B 
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Ion Chromatographic Methods for the Deter- 
mination of Phosphorus Compounds 
(Silicates are not usually determined by chromatography though it is possible using resin 
colunins) 

Cl Introduction Jon Chromatography is a very useful technique for the speedy determination of 
phosphorus species, especially phosphates; however because of the often rapid intercon- 
version of polyhasic ions with p11, it is essential to tailor the method to the analysis 
required. l'he following is a short resume of the problems with, where appropriate, 
niethods which can he found in the companion booklet in this series (Ref 1). 

l'hosphorus forms a large number of ions, chiefly anions, which can be separated by 
chromatography. Presumably the phosphonium cations can, if necessary, be separated 
in the same way as ammonium ions, provided care is taken over their stability. 

l'hosphorus forms a series of acids, all based on the P04 - unit which can form both 
linear and ring poly acids (such as pyrophosphate P207 - and cyclic trimetaphosphate P0 ). Interconversion can he slow and in addition, one or two of the oxygen atoms 
in the P04 group may he replaced by a hydrogen or an organic radical; two 

phosphorus atoms may even bind directly (similarly to carbon and sulphur). Typical 
acids of this type are: 

Phosphites (111)03)2 
- 

Monophosphonates (RPO3)2 
- 

I lypophosphites (l21'°2) - II ypophosphates (03PP03)4 - 

These too, can sometimes disproportionate to form mixtures of other phosphorus 
compounds. Although the common phosphorus anions are based on the fully oxy- 
genated mono and poly acids, there are industrial uses for some of the others, especially 
the organophosphonates. I lowever, there is an additional problem in that many of these 
acids are polybasic, especially orthophosphoric acid iteif, which can therefore occur as 
free acid I l31'04 and 3 different ions: 112P04 , }1P042 

- and P04 - dependent on the 
p11 of the sample, with instantaneous interconversion on change of p1 1. This means that 
the location of even the orthophosphate ion in a chromatogram is dependent not only on 
the p11 of the initial sample hut even more on the pH of the eluent. 

Phosphorus can form permono- and perdi-phosphates (analogous to the permono- and 
pcrcli-sulphates) and also a series of fluorophosphates, of which the monofluoro- 
(P031 and hexafluoro- (PF6) - are industrially important. Thiophosphates, in 
which sulphur replaces the oxygen of the orthophosphate ion (and also of phospho- 
nates) and aminophosphorous acids can also occur occasionally. Several methods are 
therefore necessary for the separation and quantification of the phosphorus containing 
acids in water and effluents. 
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C2 Orthophosphate in This is the simplest case where the only problems are due to variation in ionization with 
the presence of other pit and possible interferences. 
common anions 

For a detailed method, see the related booklet in this series (Ref 1) 'The I)etermination 
of Anions and Cations, Transition Metals, Other Complex Ions and Organic Acids and 
Bases in Water by Chromatography 1990', Part II, Method 1. Orthophosphates can also 
he determined by methods 2, 3,4, 5 and 6 of the same part, depending on the other ions 
present. 

C3 Ortho and 1 hese usually require more specialised techniques than Method I of Part II in the above 
polyphosphates, ieference. 
phosphonates and 
fluorophosphates Phosphite can he separated by method 2, while another variant of method 2 will give 

monofluorophosphate. Method 4 is probably the most useful. Ilexafluorophosphates 
are probably best determined by method 1 

Analysts are advised to consult Part I Chapters 3 and 4 of this reference. 
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Pretreatment Methods for Phosphorus 
Determinations 

Dl General In the past, soluble (or dissolved) reactive phosphate (often considered to he ortho- 
Pretreatment phosphate) was the most frequently required determinand. However polyphosphates 
Information can readily convert into orthophosphate; substituted phosphates, phosphonates, and 

phosphonium compounds can oxidise or hydrolyse (even if only slowly) and insoluble or 
encapsulated compounds can be solubilized. Hence, total phosphorus determinations 
are becoming important. Occasionally, especially when studying sources of pollution, a 
knowledge of the speciation is required. The pretreatments which follow are designed to 
separate off particulate matter, to hydrolyse and to oxidise. It is possible to use several in 
succession. 

As sevet al variations in pretreatment are possible with either method, the analyst is 
recommended to try out the proposed combination of procedures, prior to analysing 
samples. As given, except for the division into particulate and filtrable, the pretreatment 
procedures are written for use with method A. Adaptation is necessary foi use of these 

et reat men! s with method B. 

It must he remembered that as pretreatments do reduce precision and accuracy, analysts 
should check their performance. 

Phosphorus in natural (including saline) and waste waters will almost invariably he 
present in one or more of the following forms: 

(a) orthophosphate (the commonest form found); 

(h) condensed phosphates (eg pyro and polyphosphates), these are often ieferred to as 
hydrolysable phosphates; 

(c) organophosphorus, mainly phosphate esters, but also compounds in which phos- 
phorus is directly bonded to carbon (eg aminophosphonic acids). 

l'hospliorus in suspended matter may be present as phosphate minerals (such as apatite), 
he adsorbed onto other solids or he contained in the microhiota. Even free phosphorus 
has been found following pollution. It is also desirable to make arbitrary distinctions 
between dissolved and particulate forms (arbitrary because this will depend on the 
nominal porosity of the filter used for the separation). The fact that no separation of this 
nature can be truly complete is reflected in the use of the terms 'filtrahle' and 
'particulate'. Natural waters may he filtered through a cellulose membrane retaining 
particulate material greater than 0.45 im in size. On the other hand, glass fibre 
'papet s'—--effective porosity 1 m having relatively fast filtration speeds voulcl be more 
suitable for some effluents where the level of suspended matter is high. If appreciable 
aniounts of solid are retained by the filter, this solid may itself sometimes retain particles 
which might otherwise have passed the filter. 

Of the three groups listed above, only (a) will respond directly to the spectrophotometric 
procedures (described in Methods A and B). The condensed phosphates of group (h) 
require hydrolysis by boiling in the presence of dilute sulphuric acid to convert them to 
orthophosphate. Similarly, the organic forms of group (c) must first he broken down by 
suitable techniques such as oxidation by persulphate. While spectrophotometric pro- 
cedures described in Sections A and 13 will measure the orthophosphate content of the 
sample, the acidic conditions present may concurrently bring about partial hydrolysis of 
some group (b) compounds, or even the conversion of the more labile group (c) forms if 
these are present. For this reason, sonic analysts choose to refer to all the species 
responding to the molybdenum blue procedure as 'reactive phosphate phosphorus' 
instead of orthophosphate. Subject to this limitation, group (h) forms are usually 



determined by difference after separate analyses of hydrolysed and unhyd rolysed 
samples. Group (c) forms are similarly arrived at, via a determination of total 
phosphorus. 

\Vhen studying the phosphorus cycle in water, it may he useful to he able to categorile 
the phosphorus compounds present into types. By determining 6 fractions [a combina- 
tion of 2 physical (total and filtrable) and 3 chemical (orthophosphate, inorganic and 
total)] it is possible to report 15 fractions [a combination of 3 physical (total, filtrable 
and particulate) and 5 chemical (ortho, inorganic, organic, condensed and total)]. 
Although strictly speaking these fractions are defined analytically, they may he of 
practical use to users of the analytical data. The fractions are detailed in Table I with 
information on the relevant sections for pretreatment suggestions and/or calculation 
steps required. \Vhen an accurate determination of a particulate fraction is required, 
and this fraction is very small compared with the dissolved fraction, filter a large volume 
of sample and determine by pretreatment of material retained on the filter (see also Ref 
19). 

Great care is needed if filtering off hiota not to rupture cells as this may greatly increase 
the apparent soluble phosphate value. 

lable I 

Approximate composition of Analytically defined Details of Calculation 
fraction I )ct ermi nand Pretreatment 

1otal orthophosphate (1RP) Total reactive phosphorus None 
required. 

I )issolvecl orthophosphate Filtrable reactive See section 
(l)RI') phosphorus 1)2. 
l'articulatc orhophosphate (PRP) = (TRP — 1)RP) 
(l'Rl') 
lotal inorganic phosphate Total reactive and See section 
(1 1 P) hydrolysable phosphorus 1)3. 
l)issolvecl inorganic Filtrable reactive and See sections 
phosphate (l)lP) hydrolysable phosphorus 1)2 and 1)3. 
l'at ticulate inorganic (PIP) = (TIP I)IP) 
phosphate (P1 1') 
1 otal condensed phosphate (TCP) = (TIP— TRP) 
(1 ('I') 
I )issolved condensed (I)CP) = (1)1 P — 1)RP) 
PhosPhate (I )Cl') ltt ticulate condensed (PCP) = (TIP 4 DRP — TRP — DIP) 
phosphate (PCP) 
1 otat phosphate (iP) Total phosphorus See section 

1)4. 
1 otal dissolved phosphate Total filtrable phosphorus See sections 
(11)1') 1)2 and D4. 
1 otal particulate phosphate (TPI') = (TP — TDP) 
(1 l'I') 
1 otal organic phosphate (TOP) = (TP — TIP) 
(101') 
I)issolved oi ganic phosphate (1)OP) = (TDP — DIP) 
(l)OP) 
l'at t iculate organic (POP) = (TI' -f DII'—- TIP— T1)P) 
phosphate (POT') 

The suggestions on pretreatment given in detail in the sections which follow, must be 
regarded as tentative. Each analyst should make tests to ensure that the appropriate 
pretreatment is chosen for the particular sample being analysed. 
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D2 Filtration to Note: Care is necessary to avoid rupturing the cell walls of biota. 
separate dissolved from 
particulate phosphorus 

D2.1 Apparatus A filter assembly suitable for membrane filtration, with 0.45/Am or O.lpm membrane 
filters as required (which is used should be stated when reporting the analytical results). 

D2.2 Procedure 

Procedure Notes 

Iihei a known volume of sample through the membrane, (a) It is recommended that a blank be carried 
sufficient to meet the requirements of subsequent analyses through this pretreatment procedure. If particu- 
(notes a and h). late phosphorus is also to be determined by a 

section D4 procedure, the blank filters should be 
treated as the corresponding blank samples. 

If the sample contains much suspended matter, a preliminary (b) If biota are present, avoid an excessive pressure 
filtration thi ough an appropriate porosity ashless cellulose differential, which may rupture cells. 
filtei paper may he added as an initial step. 

Store the filtrate in a clean bottle for subsequent analysis by 
met hod A, It, C or II (see section A7). 

If, as mentioned in Section 1)1, direct analysis of the 
Particulate phosphorus fraction is desired, preserve the fil- 
ters for ti cat ment by one of the Section 1)4 procedures (note 

D3 Acid hydrolysis (Some labile organophosphorus compounds may he included). Check whether hiota cell 
procedure for the walls are ruptured, liberating phosphorus. This is best achieved by examining both a 
determination of Total small portion of the unfiltered sample and the material on the filter using a suitably 
Inorganic Phosphorus powered microscope. 
(TIP) and Dissolved 
Inorganic Phosphorus 
(DIP) 

D3.1 Reagents D3.1.1 Water see AS.l. 

D3.1.2 Phenolphthalein see A5.9. 

D3. 1.3 Sodium hydroxide (M) see A5.7. 

D3. 1.4 Sulphuric acid (M) see A5.8. 

D3.2 Procedure 

Step Procedure Notes 

1)3.2.1 Add a suitable volume V ml. of the sample (note a) (a) For TIP use original sample, for DIP use the 
to a ISo ml. graduated beaker and dilute to about filtrate from the pretreatment described in see- 
40 ml with water. A blank determination must he tion D2. See section AlO. I for suitable volumes. 
included with each hatch of samples. 



}'i ocedure Notes 

1)3.2.2 Neutialize to phenolphthalein with sodium (b) If the sample to be analysed for TIP contains 
hydroxide (NI) or sulphuric acid (NI) if necessary particulate matter, the analyst should first ascer- 
(note b). tam whether the solid is leached by acid (1)3.2.3 

to D3.2.5) then decide whether to filter (section 
Dl) and treat as 2 separate samples—liquid and 
solid. 

1)3.2.3 Add 10 :1 0.2 ml NI sulphuric acid 

1)3.2.4 Covet the hcakei with a watch glass and heat to (c) The solution should not be allowed to evaporate 
boil the solution gently for 25 ± 5 minutes (note c). to less than 15 ml. and may be maintained at 20 
Allow the solution to cool then neutralize with ± 5 mL by topping up with water from time to 
sodium hydroxide (M). (Note d). time. 

(d) If the sample contains metals with phosphates 
insoluble at neutrality, omit the neutralization; 
but if necessary, adjust the acidification accord- 
ingly, as in the spectrophotometric method. 
Note that double anion compounds such as 
Ca3(P04)3F exist, which may also he precipi- 
tated. 

1)3.2.5 1 ransfer the solution cuantitatively to a 50 ml, (e) The quantity of rinse water used should be 
calihiated flask (note e) and reserve the solution controlled so that the final volume at this stage 
fot the colorimetric stage (see section A8). does not exceed 40 ml. 

D4 Determination of (Note: oxidative pretreatments will liberate phosphorus from biota). 
Total Phosphorus (TP) 
and Total Dissolved 
Phosphorus (TDP) by 
oxidation 

Introduction 1 he analyst may he required to determine total phosphorus (or total filtrable phos- 
phorus) or organic phosphorus (or filtrable organic phosphorus) and will require a 
pretreatment to convert all forms of phosphorus to reactive phosphorus. It will usually 
he advantageous to use the simplest possible method of pretreatment, consistent with 
maximum conversion to orthophosphate. 

The simplest method, which is described in section D4.l uses a fixed amount of 
persulphate to achieve oxidation and is often suitable. However the presence of other 
organic matter in the sample may cause interference because of the competition for the 
oxidising agent and the presence of chloride interferes with the oxidation of some 
organic phosphorus compounds. Variants are described in section 1)4.2. 

Rigorous pretreatments are described in section D4.3. Some of these techniques will 
convert almost every form of phosphorus compound and even the free element to 
reactive phosphorus if allowed to react for sufficient periods of time. The important 
disadvantages are slowness and markedly worsened precision of the analytical results. 
1 hese disadvantages make it desirable not to employ these procedures for routine 
analysis if a persulphate pretreatment is suitable. 
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D4.1 Mild oxidative 
digestion step for the 
determination of Total 
Phosphorus (TP) and 
Total Dissolved 
Phosphorus (TDP) 

D4.1 .1 Reagents (all D4. 1.1.1 Water see A5.1. 
reagents must be 
phosphate free) D4. 1 .1 .2 Sodium hydroxide (M) see A5.7. 

D4. 1 .1 .3 Sulphuric acid (M) see A5.8. 

D4. 1 .1 .4 Phenolphthalein see A5.9. 

D4.1 .1.5 Ammoniurn (Sodium or Potassium) Peroxodisuiphate. 

D4. 1 .1 .6 Bromocresol green 
1o a clean hard plastic beaker add 14.4 ml. of O.IM sodium hydroxide solution 
(prepared by dilution from A5.7). Add Ig of bromocresol green and stir until dissolved. 
Transfer to a I litre plastic volumetric flask and make up to the mark with water. 

D4.1.2 Procedure 

step 1',ocedure Notes 

1)4.1 .2.1 1 tansfer a suitable volume \' nil of the saniple (a) For TP use original sample, for TDP use filtrate 
(note a) to a 150 nil graduated beaker. I)ilute to from pretreatment described in section 1)2. See 
about 40 ml with water. A blank determination section AlO for suitable volumes. 
must he included with each hatch of samples. 

1)4.1 .2.2 Neutralize with sodium hydroxide (M) or sulphuric (b) The quantity of sodium hydroxide or sulphuric 
acid (NI) if necessary (note h). acid to be added should be determined on a 

separate portion of V ml. of the sample. 

1)4.1 .2.3 Add 0.2 0.01 g ammoniuni peroxodisuiphate 
and swirl to dissolve. 

1)4.1 .2.4 Add 10 0.2 nil sulphuric acid (NI) and mix well. 

1)4.1.2.5 ('over the beaker with a watch glass and heat to (c) The solution should not he allowed to evaporate 
boil the solution gently for 25 5 minutes (notes c, to less than 15 niL and may be maintained at 20 
cl and e). Allow the solution to cool then neutralize + 5 ml, by topping up with water from time to 
with sodium hydroxide (NI). (notes f and g) time. 

(d) A few organophosphorus compounds are more 
resistant and may need up to 3 hours boiling, 
with occasional addition of extra amounts of 
ammonium peroxodisulphate. This is sometimes 
preferred to using procedure D4.3. 

(e) If arsenic was present originally, it will now he 
present as arsenate and will interfere in the 
colorimetric stage—see section D5. 

(f) To the green of broniocresol green is suggested. 

(g) See also 1)3.2 note d. 

1)4.1 .2.f 1 ransfer the solution quantitatively to a 50 nil. (h) The quantity of rinse water used should he 
calibrated flask (note Ii) and reserve the solution controlled so that the final volume at this st'c 
fo the colorimetric stage (see section A8). does not exceed 40 ml.. 



04.2 Variant mild Several variant procedures are often used for oxidising organic and reduced phosphorus 
oxidative procedures compounds. The most commonly used methods are described below. 

1)4.2.1 As Procedure 1)4.1 hut instead of using a glass beaker at step 1)4.1.2.1 and 
heating at step 1)4.1.2.5, a fused silica reaction tube is used and the sample is irradiated 
with ultraviolet light. For a typical procedure, see reference 20. 

1)4.2.2 hydrogen peroxide may he used, with ultraviolet light instead of 
peroxod isuiphate. 

A typical procedure is as follows: 

Step Piocedure 

1)4.2.2.1 Place 250 2 ml of sample into a beaker, and, using a p11 nietel, adjust the pH to 8.1 0.1 (as in 
1)4.1.2.2). 

1)4.2.2.2 ] i ansfer the solution cuantitatively to a silica irradiation tube using the minimum of rinse water. ACId 0.5 
0.2 ml of 30°o v/v hydrogen peroxide. A suitable apparatus is given in reference 20. 

1)4.2.2.3 Cap the tube loosely (to allow gas to escape) and irradiate with ultraviolet light for 5.0 0.5 hours at 60 ± 
3('. Cool to room temperature. Note the fiiial volume if significantly changed. 

1)4.2.3 Acid peroxodisulphate pressure digestion procedure 
The procedure given in section 1)4.2.1 may he carried out in a pressure bottle or 
container at 120 5°C (c 1 bar pressure). Take care to cool the bottle or container 
before opening. (See Ref 21 for a method and Ref 22 for an alternative pressurised 
reactor technique). 

04.3 Rigorous 1)4.3.1 The procedures given in references 23 and 24 have proved suitable, hut the 
oxidative digestion limits of detection tend to he higher than those for Method A on clean samples. This is 

steps especially true if the sample is solid or semi-solid. The automated analytical method in 
Reference 25 has been used with these procedures. 

1)4.3.2 on rare occasions, free elemental phosphorus and other refractory phos- 
phorus conipouncls have been encountered in sludge and sediment samples. The 
following procedure has been suggested for these substances. 

04.3.2.1 Reagents D4.3.2.1.1 Sulphuric acid (d20 1.84). 

[)4.3.2.1.2 Nitric acid (d20 1.42). 

D4.3.2.1.3 Water seeA5.1. 

D4.3.2. 1 .4 Sodium hydroxide (SM). 
l)issolve 20 I g of sodium hydroxide in about 80 ml of water, cool and dilute to 100 

I nil with water. Store in a polyethylene bottle. 

D4.3.2.2 Apparatus 200 iiil Kjeldahl flasks 
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D4.3.2.3 Analytical Procedure 

I'roceclwe Notes 

Aiial sis of Samples (notes a and h) 
1)4.3.2.3.1 Digestion 

1)4.3.2.3.1.1 1 o liquid samples 

Acid 50 0,5 ml of sample to a 200 ml (a) For 1 p use original sample, for 1 1)P use 

Kjeidahl flask. Acid cautiously 2.0 - 0.1 ml. filtrate from pretreatment 1)2. 
of sulphui ic acid ((120 1 .84) and heat gently 
until white fumes begin to he evolved. Allow to (h) Great care must he taken during this stage to 
cool. avoid contamination. 

A wat e blank determination must he included 
with each hatch of samples. 

1)4.3.2.3.1.2 1i solid samples (see also 1)6). 

After preparation of the diluted acid and 
before heating, carefully add a known weight 
of solid, not exceeding 50 mg of P. Swirl to 
mix, then continue with the heating. If fluoride 
or fluorapatite is present use a new thick 
walled flask. Avoid skin contact. 

1)4.3.2.3.2 Acid cautiously 0.5 ± 0.05 ml of nitric acid 

(d7 1 .42) dropwise and continue heating until 
brown fumes cease to he evolved. 

1)4.3.2.3.3 Repeat step 1)4.3.2.3.2 at least 3 times (note c). (c) This step should be repeated until the solu- 
(ool, add 10 + I ml water and heat to tion is clear and colourless. 
fuming. Allow to cool, add a further 10 
I ml of water, heat to fuming and allow to 
cool. 

1)4.3.2.3.4 (autiotisly wash down the sides of the flask (ci) If arsenic \'as present originally, it will now 
with 25 I nil of water and allow to cool be present as arsenate and will interfere in 
(note ci). the colorimetrie stage—see 1)5. 

1)4.3.2.3.5 Neutrali7e the solution with sodium hydroxide (e) To the green of bromocresol green is 
(SM) (note e). suggested (see D4. 1 .1 .6) 

1)4.3.2.3.6 (a) If organophosphorus compounds, not 
attacked by the nitric acid-sulphuric acid treat- 
ment hut decomposable by pcroxodisulphate 
are also present, proceed to section 1)4.1 at 
step 1)4.1.2.3. 

(h) Otherwise, transfer the solution quan- (f) The sample is restored to its original 
titatively to a 50 ml calibrated flask and dilute volume. 
to the mark ' ith water (note f). The color- 
imetric procedure ciesci iheci in section A8 can (g) For solid samples amend the calculation 
now he applied by taking V ml of this solution accordingly. 
(note g). 
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D5 Elimination of Arsenate, hut not arsenite, can interfere. 
arsenic interference 

1)5.1 If Method A is used and the phosphorus absorhance is read at 6 ± I minutes 
after the mixing at step A8.2, the interference due to moderate amounts of arsenic will 
he negligible due to a slower rate of reduction to a blue complex. It is essential to 
standardi7e the reading time for samples, standards and blanks if using this procedure. 
Otherwise, if arsenate interference is significant use the reduction procedure 1)5.2. 

D5.2 Reduction of 
arsenate to arsenite 

D5.2.1 Principle Arsenic (V) is reduced to Arsenic (III) by an acidic mixture of hisulphite and 
h iosulph ate. 

D5.2.2 Reagents I'repare freshly as required. 1)o not store. See D5.3. 

D5.2.2.1 14% V/V Sulphuric acid see A5.2. 

D5.2.2.2 10% rn/V Sodium metabisuiphite. 
I)issolve 4.0 ± 0.1 g of sodium metabisulphite in 40 ± 1 ml, of water. 

D5.2.2.3 1% rn/V Sodium thiosuiphate. 
l)issolve 0.40 0.01 g of sodium thiosulphate pentahydrate in 40 ± I ml. of water. 

D5.2.2.4 Arsenate reducing reagent (prepare only as required for use). 
Mix together 20 ± 0.5 ml. of 14°/o V/V sulphuric acid, 40 ± I ml. of l0o m/V sodium 
metahisuiphite and 40 ± I ml. of I % rn/V sodium thiosulphate solution. 

D5.2.3 Hazard 1 he mixed reagent 1)5.2.2.4 evolves sulphur dioxide. Use in a fume hood and flush away 
waste with copious amounts of water to clear sinks, traps and drains. 

D5.2.4 Procedure 

Step l'rocedure Notes 

1)5.2.4.1 1 o the sample, before dilution to volume at the end 
of the respective pretreatment step, acId 5 ± 
0.1 ml of the arsenate reducing reagent, mix 
thoroughly and allow to stand for 15 minutes 
before diluting to volume as required (note a). 

\Vhilst the majority of analyses will he made on samples sufficiently clean not to require 
filtration with separate analysis of the solid component, analyses are often required on 
samples containing much suspended matter, or on those sludges and sediments that are 
best treated as solids. This raises sample homogeneity problems which lower the 
standards of accuracy and precision attainable. To improve accuracy, such analyses 
should always be carried out on at least duplicate, preferably triplicate, or even a higher 
number of samples and care must be taken to look for obvious anomalies. For advice on 
these sampling problems see references 25 and 26. For such heterogeneous samples, the 
sampling error can greatly exceed the analytical error. 

D6 Sampling Solid 
Samples 

(a) If used in conjunction with section D4, this step 
is carried out prior to the final neutraliiation, 
which must also be carried out prior to volume 
adjustment. 
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Determination of Silicon 

(Methods E, F and H plus 
Pretreatrnents G) 
See also Introduction notes 4—14. 
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Spectrophotometric Determination of 
Molybdate Reactive Silicon— 
1 -amino-2-naphthol-4-sulphonic acid 
(ANSA) or Metol reduction methods 

El Performance El .1 Substance determined Molybdate reactive silicon—mainly mono- 
Characteristics of the meric and dimeric silicic acids and silicate. 
Method (a) Fluorosilicate may also be determined as 

silica. 
(I 'or further inforniat ion 
on the determination and El .2 1 ype of Sample Clean waters. 
definition of performance — 

characteristics see Ref 34) El .3 Basis of method See E2.2 

El .4 Range of application Up to 500 pgl 1 as Si02 

El.5 Calibration curve linear to at least 500 gL— ' Si02, for a 
100 nil, sample volume. 

El .6 Total standard deviation Type of Sample Si02 concen- Total 
tration gL- I standard 

deviation 
pgl 1 

standard solu- 10 0.5 
tions (b) 200 0.8 

500 1.3 

distilled water 10 1.1 
plus 200 1.1 
50 mgl,' 1 500 2.0 
PO - (b)(d) 
boiler water (c) 4,800 18 
each estimate has 19 degrees of freedoni 

11.7 limit of detection 2 Lg1, ' Si02, when PO4 absent. 
4 gl Si02, when 50 mgL ' P043 
present, both estimated with 10 degrees of 
freedom. 

El.8 Sensitivity 100 gL ' Si02, gives an absorbance of 
approximately 0.13 in 40 mm cell at 810 nm, 
for a 100 ml. sample volume. 

El .9 Bias In fresh water, no bias greater than 2o was 
detected, except when interference occurred. 

El .10 Interferences Phosphate, arsenate, and germanium may 
interfere slightly. Ferrous iron, hydrazine 
and sulphite may also interfere slightly in the 
presence of phosphate. All these effects will 
normally be inappreciable, but for full 
details and the effects of other substances see 
section E.3. 



El .11 Time required for analysis The total analytical and operator times are 
the same. Typical times for 1 and 10 samples 
are 40 and 60 minutes respectively excluding 
any pretreatment. 

(a) These data are from results obtained at the Central Electricity Research 
laboratories 

(h) 100 ml sample volume 
(c) 10 ml. sample volume. 
(d) For the slight positive interference due to phosphate see Table 2. 

E2 Principle E2.l The method is based on the work of \Vebber and Wilson (Ref 28) and 
experimental work by Central Electricity Research laboratories, I eatherhead (Refs 28, 
29, 30) 

U2.2 Reactive forms of silicon are treated with ammonium molybdate under acid 
conditions, molybdophosphoric acid, which is formed in the presence of phosphates, is 
destroyed by addition of tartaric acid. The resultant silicomolybdic acid is reduced by 
means of I -aniino-2-naphthol-4-sulphonic acid to the heteropolymolybdenum blue 
complex. Metol (4-methylaminophenol sulphate) may be used as an alternative reduc- 
tant with similar test data (communication from Prof J P Riley). 

E2.3 The method determines only 'molybdate reactive' silicon compounds. Certain 
silicon containing species may not react with molybdate even though they pass through 
filters and produce no noticeable turbidity in the solution. The extent to which these 
forms of silicon exist varies with the type of water and the analyst should decide whether 
pretreatment by fusing or heating with alkali is required (see Part G). 

E3 Interferences 13.1 If the p11 of the sample falls outside the range 2—10 units or if the sample is 
heavily buffered, the required silicomolybdate complex may not be formed under the 
conditions of this method. Neutralize the sample to a methyl orange indicator end point 
with the appropriate acid or alkali (see A5.7 or A5.8) to eliminate this cause of 
interference. 

E3.2 Phosphate, arsenate and germanium may interfere slightly, hut in a complex way 
(Ref 27); the latter two are unlikely to be present in most natural water samples. If their 
presence is confirmed in effluents, investigate the effect using spiked synthetic standards 
and samples. Ferrous iron, hydrazine and sulphite may also interfere slightly in the 
presence of phosphate, although these effects will normally be minimal, details are given 
in Table 2. 

lahle 2 

Other ion or substance Concentration of other sub- Effect in zgL ' Si02, of other substances at 
stances (mgI. 1) (in order silicon concentrations of stated value (pgl. - 1) 
given in first column if two 
impurities) 

0 100 500 

Iron (III) 5.0 <1 —2 
Cinomium (Ill) 5.0 < 1 < I 
Aluminium (III) 5.0 < I — 

Copper (II) 5.0 3 — 3 
Nickel (II) 5.0 <1 
7inc(Il) 5.0 <1 <1 
('alcium 100 <1 —2 
N1agneiuni 100 < 1 — 5 
Potassium 100 <1 — 2 
Sodium 100 < 1 — 3 
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Otlict ion oi substance Concentration of other sub- Effect in gI. I Si02, of other substances at 
stances (mgI. 1) (in order silicon concentrations of stated value (/LgI 1) 
given in fii st column if two 
impurities) 

0 100 500 

r\1anarcse (II) 0.1 
('obalt (11) 0.1 
liii (II) 0.1 
Nlolybclate (VI) 0. 1 < 1 2 
\'anadatc (V) 0.1 
1 itailiutu (IV) 0.1 
1 unstate (VI) 0.1 
I !UOli(IC 10 <1 <1 
('vclollc\ylariii ne 10 < 1 < 1 

Nloipholinc 10 <1 <1 
Octadccylalninc 1 .0 1 < I 
Alkyl-aT vI-suipliate 5.0 2 2 
I luot ccein 5.0 1 2 

Oi ihopliosphate 0.1 3 2 0 
5.0 3 3 1 

25.0 4 3 1 

50.0 5 2 -7 
Sulphate 1 0i thopliosphate 50 - 0 < I < I 

5045 3 2 
50450 4 <1 

It oil (ii) 4 Ot thopliosphate 0.1 4 0 < I 
0.140,2 7 
0.1-1 1.0 7 
0145.0 7 
0.1425 5 
0.1450 5 
0.340 <1 
0.34 0.2 14 
0.34 1.0 15 
0.34 5.0 11 

0.3425 9 
0.3450 7 
1.040 <1 <1 <1 
1.040,2 17 <1 
1.04 1.0 37 12 
1.04 5.0 35 11 <1 
1.0425 20 9 
1.0450 15 8 <1 

I lydi a,inc 4 Oi thopliosphate 0.2 -t 50 5 — 6 
1.040 <1 —3 
1.045 6 3 
1.04 50 14 4 

If the otliet substances (lid not interfere, the effect would he expected (9507o confidence) to lie within the following 
iange; 04 7 for 0 pgl Si02, 500±3 for 500 ig1 Si02. 
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[4 Hazards Some aromatic amino compounds can cause health problems. No data are available for 
ANSA or Metol (Reagents F5.4 and E5.4.1 below), hut no hazard has so far been 

reported from their industrial use. It is recommended that either he handled with care to 
avoid skin contact, inhalation, ingestion or spillage. 

ES Reagents Analytical reagent grade chemicals are suitable unless otherwise specified. 

[5.1 Water 

Prepare and store in a polythene bottle, a large batch of water containing not niore than 
5 gL - Si02. Determine the 'reactive' silicon content of this water by treating it as a 
sample and analysing it as described in section E8 (ie taking 100 ml, aliquot at step 
F8.l). Use this water to prepare reagent and standard solutions and for diluting 
samples. 

1)istillecl water from a still, the boiler of which has first been flushed out with fresh tap 
water and the first litre of distillate rejected; or alternatively, water that has been passed 
through a laboratory-scale mixed-bed dc-ionization unit, have been found to be 
adequately pure. Precautions should be taken against silica elution from the resin bed. 
(See section Fl 1.2). 

[5.2 Ammonium molybdate— sulphuric acid reagent 
I)issolve 89±1 g of finely ground ammonium molybdate. (N}14)6Mo702441l20 in 
about 800 ml. of water at room temperature. 

Add slowly and cautiously with stirring 63 ±0.5 ml, of sulphuric acid (d201 .84) to about 
100 ml. of water in a beaker immersed in cold water, allow to cool. Add the acid 
solution to the molybdate solution with stirring. Cool and dilute with water to 
1000± 10 ml.. Store in a polyethylene bottle. 

This solution is stable for at least 6 months. 

If a blue colour appears in the solution it need not be discarded until the ahsorhance of 
the blank determination exceeds 0.02 units. 

[5.3 28% rn/V Tartaric acid solution 
I)issolvc 280 ± 3 g of tartaric acid, in about 800 ml. of water and dilute with water to 
l000 10 ml.. Store in a polyethylene bottle. 

ihis solution is stable for at least 6 months. 

[5.4 O.2%rn/V l-Arnino-2-naphthol-4-sulphonic acid* (ANSA) 

I)issolve 2.4 ± 0.1 g of sodium sulphite, Na2SO.7ll2O in about 10 ml. of water. Add 
0.2±0.002 g of 1-amino-2-naphthol-4-sulphonic acid, N112C101-150}1.S0311 (purest 
grade available) and stir to dissolve. Dilute the solution to about 90 ml. with water and 
add 14 ±0.7 g of potassium metabisulphite, K2S205. Stir to dissolve and dilute the 
solution with water to 100 ± 1 ml 

Store in a polyethylene bottle in the dark. Prepare this solution freshly each week. 

*also known as 4-amino-3-hydroxy-naphthalene- 1 -sulphonic acid. 

[5.4.1 Metol Reagent 
l'repare as ANSA hut substitute 0.15 ± 0.002 g of 4-methylaniinophenol sulphate 
(Metol) for the aminonaphthol sulphonic acid. Use analytical grade reagent. 
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[5.5 Standard silica solutions 
E5.5.1 Solution A I ml. is equivalent to 1000 pg Si02 
Weight 1000 ± 0.001 g of finely powdered predried (at 105°C) silica, spectrographic 
grade, into a clean platinum crucible, add 5 ± 0.1 g of anhydrous sodium carbonate and 
mix intimately with a thin nickel spatual, cover the crucible with a platinum lid. Heat the 
crucible until the mixture begins to fuse. Careful control of the heating will be required 
to avoid losses due to spitting as the melt bubbles. \Vhen bubbling has subsided heat the 
crucible strongly to a bright red heat until a clear transparent melt is obtained. Allow the 
crucible to cool, place it on its side in a 250 ml, polyethylene beaker and place the lid in 
the beaker. Add 150± 10 ml, of boiling water to the beaker and place it on a steam bath 
until the melt has dissolved. After rinsing the crucible and lid, remove from the beaker 
and cool the solution. Transfer the contents of the beaker with washings to a I I. 
calibrated flask and dilute to the mark with water, mix well, and transfer the solution to 
a clean, dry polyethylene bottle. An equivalent amount of dry sodium hydroxide 
(2.1 ±0.1 g) may he used instead of sodium carbonate. In which case a silver or nickel 
crucible must he used and heat only to a dull red heat. 

The solution is stable for at least 1 year. 

NB. Alternatively, transparent Spectrosil rod, 3 mm diameter, may be used to prepare 
the solution, instead of the spectrographic grade silica. As supplied by Thermal 
Syndicate Limited the impurity content is less than I mgL- ' and the rod does not 
require lobe heated or ignited before use as it is not appreciably hydroscopic. 300 mm of 
rod weighs about 5 g. 

A solution of sodium fluorosilicate containing the appropriate concentration of silicon 
may he used, provided that the reagent is of suitable quality and that the solution 
prepared is free from undissolved particles. Silicon standards are available comnier- 
cially, hut may contain polymeric silicates and may therefore be unsuitable. 

1:5.5.2 Solution B. 1 ml. is equivalent to 5 pg Si02 
I)ilute 5.00± 0.02 ml. of solution A with water to I litre in a calibrated flask. 

Transfer to a dry polyethylene bottle. 

This solution must he freshly prepared on the day of use. 

E6 Apparatus [6.1 Plastic bottles, 125 or 250 ml, capacity, eg polyethylene, polypropylene, 
polycarhonate, or I'TFE. 
('lean new bottles by washing thoroughly with water. 

Before using new bottles check that the effect of contamination is negilgible. \Vhen 
bottles have been shown to be satisfactory they should be reserved for silicon 
determinations only. 

[6.2 Spectrophotometer 
A spectrophotometer for use at 810 nm capable of accepting 40 mm cells is suitable. A 
wavelength of 670 nm may he used or a filter photometer with a suitable filter may be 
used, hut a loss of sensitivity will occur and the results will he less reliable. 

[6.3 40 mm optically matched cells 
Use as described for 100 mm cells in section E6.2. 

E7 Sample Collection Collect a representative sample in a polyethylene or similar plastic bottle and analyse as 
and Preservation soon as possible. If storage is unavoidable, maintain the sample at 4±1°C. Do not 

free7e as experience has shown that freezing can change the form of silica present. If 
microbiological activity within the sample is suspected, or is of special interest, eg in 
eutrophication studies, it may be desirable to filter the sample on site at the time of 
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collection, and also to consider whether either a 0.45 m or a 0.1 rn membrane should 
he used. Silicon can occur as a vital natural or impurity constituent in many forms of 
living matter. Knowledge of the forms in which silicon can occur may be of interest for 
biological and medical studies (see section 01). Prolonged storage can lead to 
polymerization of soluble silica, resulting in either precipitation or formation of gels 
which are very difficult to sample representatively. 

E8 Analytical Procedure 

Step l'roccclurc Notes 

Analysis of sample 
18.1 Acid (100— V) ±0.5 ml. of water to a clean dry (a) The volume of sample taken (\' mL) should not 

plastic bottle. Add V ±0.005 V nil, of sample at a contain more than 50 g silicon (as Si02), and 
temperature not below 15°C (Notes a and b) and not more that 800 g of phosphorus (as P). 
mix by swirling gently. 

(b) If the sample is coloured, or if it contains 
suspended matter, carry out the procedure in 
section El0.l using a separate sample. 

18.2 AcId 2.5 0.1 ml, of ammoniurn molybdate— (c) To ensure rapid delivery of reagents, theuse ofa 
sulphuric acid reagent (E5.2). Note the time and syringe type pipette is recommended. 
immediately mix the contents of the bottle by 
swirling (note c). 

18.3 After 10 1 minutes (step 1/8.2), add 2.5 ± 0.1 ml. 
of 28°/o rn/V tartaric acid solution. Note the time 
and swirl the bottle to mix the solution (note c). 

18.4 After 5 1 minutes (step 1/8.3), add 2.0±0.1 ml. (d) The same volume of Metol solution (E5.4.1) 
of 20° rn/V ANSA solution. Note the time and may be used instead of the ANSA solution. 
again mix the contents of the bottle by swirling 
(notes c and ci). 

18.5 Meanwhile set up the spectrophoton-ieter (see sec- (e) For double beam instruments, water should he 
tion 16.2) according to the manufacturer's instruc- in both cells at this point. 
lions. \Vith water in the reference cell, adjust the 
ahsorhance to zero (note e). 

18.6 After 40- 20 minutes (step 1/8.4) measure the (f) Good laboratory temperature control is recom- 
ahsorhance of the solution in a 40 mm cell at a mended, see E9. 
wavelength of 810 nm against water in the refer- 
ence cell. Let the absorhance of the sample be A 
(note f). 

Blank determination 
18.7 A blank must he included with each batch of (g) Strictly, a blank should he analysed for each 

determinations using the same batch of reagents as different sample dilution that is used in the batch 
for samples. (See Section 1/10.2). Add of analyses, but see section E10.2. 
l00 0.5 ml. of water at a temperature not below 
15°( to a plastic bottle (note g). 

Proceed as described in steps 1/8.2 to 1/8.6. Let the 
ahsorhance of the blank he A0. 
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Step Procedure Notes 

(alculaiion Of results 
1 8.8 1 he absorbance due to silicon, A5 in the sample is 

given by: 

A.= A1- A0 

l)ctei mine the concentration of silicon in gl. 
SiO-, in the processed sample from the calibration 
1 aph (see section 19) taking into account the 
volume, if 1 OOmI of sample is not used. 

E9 Preparation of 1 he calibration curve is linear to about 500 gl ' Si02; but the slope of the 810 nni 
Calibration Curve calibration graph decreases by about 0.25'o for an increase in temperature of I CC'. 

Any significant departure from linearity indicates that the technique is suspect at sonic 
St age. 

Using a hufette, add 100,98,96,94,92 and 90 ml. (all to ±0.3 nil.) of water to a series 
of dry plastic bottles. 

Similarly, add 0.00, 2.00, 4.00, 6.00, 8.00 and 10.00 nil respectively of standard silicon 
solution B and swirl to mix. The bottles now contain standard solutions representing 0, 
100, 200, 300, 400 and 500 jgI. ' Si02 respectively. Subject the solutions to the 
procedure given in section L8.2 to U8.6. 

Plot the results of A5 against gl. I Si02. 

ElO Sources of error See also section 111. 

[10.1 Turbidity and/or colour correction 
If the sample is coloured or turbid, carry out the blank procedure in step F8.7 replacing 
the final additions of reagents with an equivalent volume of water. 

Note the absorhance due to this solution. Let this be A1 

1'oi such samples A5 = S1 
— A0 — A1 

[10.2 Silicon content of the water used for blank determinations 
1 he presence of silicon in the water used for blank determinations could lead to an 
unacceptable bias in results close to the limit of detection. There should be no cause for 
concern provided the criterial set out in section ES. I are satisfied and if, when a number 
of samples requiring different dilutions are analysed, a blank is analysed for each 
different dilution as described in section E8.7. \Vhen suitably prepared water (15.1) is 
used for sample and blank analyses, the differences between the different blanks will be 
small and the error introduced by using a blank at only one dilution may he tolerable. 
1 his is for the analyst to decide. 

[10.3 Effect of temperature 
1 he temperature of the sample should not be less than 15°C during the determination or 
the formation of the molybdosilicic acid may be incomplete. 
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Eli Automated Methods F and F for silicon may be readily automated using a continuous flow analysis 
Procedures (Refs 31 & 32), discrete analysis or a flow injection system (Ref 33). 

Manufacturers of automatic equipment may provide data sheets for the determination 
of silicon in water. Note that most silicomolybdate methods give a mixture of an alpha 
complex and a beta complex. The relative proportion of each complex is dependent on 
the molybdate/acidity ratio, the overall concentration and the reaction time. Hence 
some methods niay not he strictly comparable with methods F and F. For sea waters, see 

Refs 42 and 43. 
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Spectrophotometric Determination of 
Molybdate Reactive Silicon— 
ascorbic acid reduction method 

Fl Performance ii .1 Substance determined Molybdate reactive silicon—rnainly monomeric 
Characteristics of the and dimeric silicic acids and silicate. Fluorosili- 
Method (a) cates can also be determined directly as silicon. 

(j:or ftirtlier information __________ 

on the determination and Fl .2 Type of sample All types of water and effluents, and also solu- 
definition of performance tions from pretreatments (see section G). 
characteristics sec Ref 34) - - 

Fl .3 Basis of method Reaction with ammoniuni molybdate under 
controlled acidic conditions to form a yellow 
molybdosilicic acid that is reduced in situ with 
ascorbic acid to yield a siliconiolybdenum blue 
complex which is measured 
spectrophotometrically. 

11.4 Range of application (h) Up to 10 mgL 'as Si02. (Range may be 
extended by dilution or by the use of smaller 
aliquots, see section FlO). 

11.5 Calibration curve (h) Finear to 10 mgL ' Si02. 

11 .6 Total standard deviation Type of Si02 Total 
Sample concentration standard 

(mgL 1) deviation 
(mgL ') 

Standard 
solution (d) 0 0.01 
Standard 
solution (d) 2.0 0.05 
Standard 
solution(d) 8.0 0.10 
Standard 
solution (d) 50.0 0.32(e) 
each estimate has 19 degrees of freedom. 

11.7 Fimit of detection 0.03 mgl. '(10 degrees of freedom). 
Using 10 mm cells. 
Proportionately lower limits can be obtained by 
using 40 mm or 100 mm cells. 

11.8 Sensitivity (h) 10 mgL- ' Si02 gives an absorbance of 
approximately 0.84 in a 10 mm cell (based on a 
sample volume of 50 ml). 

11 .9 Bias (c) In saline waters the slope of the calibration 
curve is changed (see section Fl 1.5 and Ref 40). 

11.10 Interferences (b) See section F3. 
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11.11 Time required for analysis Typical times for 12 samples are 1.5 hr oper- 
ator time, 3 hr total time. 

(a) Data obtained by Imperial Chemical Industries limited, Mond [)ivision, 
Winnington laboratories. 

(h) Confirmed by the former Southern Water Authority, Sussex River and Water 
I)ivision, including the pretreatment in Section G3. 

(c) Confirmed by Imperial Chemical Industries Ltd Brixham laboratory. 
(d) I)istilled water spiked with the stated concentration of silicon. 
(c) Using a 5.0 ml. aliquot. Other data obtained using 50.0 ml, aliquots. 

F2 Principle 12.1 The method is based on work carried out at Imperial Chemical Industries, Moncl 
I)ivision, Winnington laboratories. 

12.2 Monomeric and dimeric silicon in acid solution below pH 2 react with molybdate 
ions to form a yellow silicomolybdate which is reduced in situ with ascorbic acid to a 
blue silicomolybdate complex. 

12.3 When it is required to determine total silicon and forms of molybdate unreactive 
silicon the sample recluires pretreatment to convert the unreactive species to a form 
capable of reacting with molybdate reagent (see appendices). 

F3 Interferences 13.1 There is no detailed information concerning the effects of interfering substances, 
other than those listed below, on the method described. Generally no important 
interference problems are likely with unpolluted fresh waters, but the effect of 
interferences should be considered particularly in polluted samples. The most likely 
sources of interference are listed below. See also Introduction, note 10. 

F3.2 Phosphorus 

Initially, phosphorus and silicon compete for the molybdate reagent to form their 
respective complexes, but the phosphate complex is decomposed under the strongly 
acidic conditions that prevail at a later stage of the method. 

Up to 10 nigl. ' of silicon (as Si02) can be determined in the presence of 60 mgI.- I 

phosphorus (as 1') without interference exceeding 0.01 mgI. 1 (as 5i02). Higher levels 
of phosphorus may prevent complete formation of the silicomolybclate complex and 
also cause a precipitate to form which persists throughout the procedure and interferes 
wit Ii spect rophotometric measurements. 

F3.3 Arsenic (a) 

Although arsenic (V) is known to form an arsenomolybclate complex it has been shown 
that under the conditions of this method no significant interference takes place until the 
arsenic (V) concentration exceeds 400 mgI. - ' (as arsenic). 

F3.4 Germanium 
(lermanates interfere by forming a germanomolybdate complex. If present, quantify 
the effect using spiked standards. 

F3.5 Nitrite (a) 
The effect of nitrite is both complex and variable. At concentrations greater than 
0.5 ingl. I (as N), nitrite appears to catalyse the formation of the silicomolybdenuni 
blue complex. However, where levels exceed 2 mgI. - (as N), colour bleaching may 
subsequently occur and this appears to be related to the degree of exposure to air. 

(a) Based on tests carried out at Southern Water Authority, Sussex River and Water 
I)ivision. 
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F4 Hazards Only normal laboratory ha7ards are known to occur with this method. 

F5 Reagents Analytical reagent grade chemicals are suitable. 

F5.l Water 
The water used for blank determinations, preparing standard and reagent solutions and 
for dilUtiOli purposes, should have a silicon content that is negligible compared with the 
smallest concentration to be determined in samples. 

I)istilled water is preferred. I)eioni,ed water may be suitable if the water supplied to the 
ion-exchange unit has a negligible silicon content (see section Fl 1.2). 

F5.2 10% rn/V Ammoniurn molybdate solution 
I)issolve 25 a- 0.2 g of finely powdered ammoniurn rnolybclate (N114)6Mo7O2441l2O in 
about 200 ml water and dilute with water to 250 ml, in a measuring cylinder. Store in a 

polyethylene bottle. I)iscard if a precipitate forms. 

F5.3 25% v/v Sulphuric acid solution 
Add slowly and cautiously with stirring 200 ± 2 rnL of sulphuric acid (d20 1.84) to 
600 a- 10 ml of water in a 2 litre beaker immersed in cold water, allow to cool. Store in a 

glass or polyethylene bottle. 

F5.4 Ascorbic acid 
0.2 g of ascorbic acid powder is normally used for each determination of silicon. 
Alternatively, use an equivalent weight of ascorbic acid in the form of tablets or a freshly 
prepared l0'o aqueous solution. Solutions should be discarded after each 
determination. 

F5.5 Methyl orange indicator solution (0.05% rn/V) 
I)issolve 0.05 a- 0.01 g of methyl orange in about 100 ml. of water. 

F5.6 Hydrochloric acid solution (1.OOM) 

I )ilutc 90 a- I ml of hydrochloric acid (d20 1.18) with water to I litre in a calibrated 
flask. 

Standardize this solution as follows:— 

I)ry 5 I g of sodium carbonate, anhydrous at 260 a- 10°C for 2 a- 0.25 hours. Allow to 
cool in a desiccator. 

\Veigh out accurately 1.330 a- 0.001 g of this dried material into a 250 ml. conical flask. 
let this mass he W g. Add 50± 5 ml. of water and swirl to dissolve. Add 2 drops of 
methyl orange indicator solution and titrate with hydrochloric acid solution just to the 
appearance of a permanent red colour. Let the titre obtained by T1 ml.. 

The niolarity of the hydrochloric acid solution is given by 
\Vx 18.87 

If necessary, adjust the concentration of hydrochloric acid so that the molarity falls 
within the range 1.000 a- 0.005 M. 

Alternatively, use commercially prepared molar hydrochloric acid solution. 



F5.7 Sodium hydroxide solution (1.0CM) 
I)issolve 40.8 ± 0.3 g of sodium hydroxide in about 800 ml, of water in a plastic beaker, 
cool and dilute with water to I litre in a calibrated flask. Store in a polyethylene bottle. 
Standardi7e this solution as follows. 

Pipette 25.00 0.05 ml, of sodium hydroxide solution into a 250 ml. conical flask. Add 
2 drops of methyl orange indicator solution and titrate with hydrochloric acid solution 
(I .OOM) just to the appearance of a permanent red colour. Let this titre be T2 ml,. 

The niolarity of the sodium hydroxide solution is given by 
12 x M1 

25.00 

where M1 is the molarity of the hydrochloric acid solution (l.OOM) 

If necessary adjust the concentration of the sodium hydroxide solution so that the 
molarity falls within the range 1 .000 ± 0.005 lvi. Alternatively use commercially pre- 
pared molar sodium hydroxide solution. 

F5.8 Standard silica solutions 
15.8.1 Solution A I ml. is equivalent to 1000 g Si02 
I'roceecl as detailed in Section F5.5.l 

15.8.2 Solution B I ml. is equivalent to 50 g Si02 
I)ilute 25.00±0.05 ml. of solution A to 500 ml. with water in a calibrated flask. 

Store in a polyethylene bottle. This solution is stable for at least one week. 

F6 Apparatus F6.1 Spectrophotometer 
A spectrophotometer for use at 700 urn and at 810 urn capable of accepting 10 mm cells 
is suitable. If greater sensitivity is required 40 rnni cells or 100 mm cells may be used. 
(See section 110.2). 

A filter photometer may be used, but a decrease is sensitivity along with possible non 
linearity of calibration niay occur and the results may be less reliable. 

F6.2 10 mm optically matched cells 
Both sample and reference cells must he kept scrupulously clean and should not be 
interchanged. They should always be placed in the same position in the holder with the 
same face towards the lightsource. Alternatively, use 40 or 100 mm cells. 

F6.3 Plastic vacuum filtration unit with 0.45 membrane filters 

A water pump or hand operated piston device is usually satisfactory. 

F6.4 Plastic beakers, 100 rnL capacity, plastic* graduated pipettes, plastic* 
stirring rods and plastic volumetric flasks. 

*eg polyethylene, polypropylene, polycarbonate or PTFE. 

F7 Sample Collection See section E7 and Ref 41. 
and Preservation 
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F8 Analytical Procedure 

Step Procedure Notes 

Aiialsis of sample 
1 8.1 1 iltei a sufficient cluantity of sample through an (a) This step may be omitted if the analyst, due to 

0.45 1ni membrane filtei (note a). his experience, judges it to be unnecessary. If the 
initial filtrate is unclear, refilter through the 
same or a finer filter 

1 8.2 l.Jsing a plastic pipette transfer a suitable volume V (b) See section FlO for suitable sample volumes. 
(not exceeding 50 ml,) of the sample, filtered if 
necessary, to a 100 ml plastic beaker (note h). 

1 8.3 Add a second V ml of (filtered) sample to a 
250 nil conical flask. Add 2 drops of methyl 
01 ange indicator and, as appropriate titrate with 
either hydrochloric acid solution (1 .OOM) or with 
sodium hydroxide solution (1 .OOM) to the mdi- 
catol end point. Note the titre and discard this 
second sample. I et the titre of hydrochloric acid 
solution (1 .OOM) obtained he 1IIA ml. or let the 
titre of sodium hydroxide solution (1 .OOM) 
obtained by 1 s nil.. 
If the sample is neutral proceed to step F8.4a. 
If the sample is alkaline proceed to step E8.4b 
If the sample is acidic proceed to step 18 .4c. 

18.4 a. Saiiiple neuiral: 
Add l0.00 0.05 nil of hydrochloric acid solution 
(I .OONI) to the filtered sample in the polyethylene 
heakei and stir. 

Sample alkaline: 
AcId (10.00-4 1 i- 0.05 ml of hydrochloric acid 
solution (1 .OOM) to the (filtered) sample in the 
polyethylene beaker and stir. 

c.Sample acidic: 
AcId (10.00- 1 )c 0.05 nil of hydrochloric acid 
solution (1 .OOM) to the (filtered) sample in the 
Polyethylene beakei and stir 

1 8.5 AcId 5.0 0.2 ml of I 0°,o m/\T ammonium molyb- 
date solution stir and allow to stand for 12 ± 2 
minutes 

18.6 Acid 20 0.5 ml of 25° V/V sulphuric acid solu- 
tion stir and allow to stand for 1 to 1 .5 minutes. 

18.7 Add 0.2 0.01 g of ascorbic acid and stir to dis- 
solve. 

1 8.8 1 i ansfer the solution quantitatively to a 100 miii. 
calibrated flask and dilute with water to the mark. 
Stopper the flask, mix well and allow to stand for 
60 10 minutes away from bright sunlight, prefer- 
ably in the clark. 
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Piocedure Notes 

18.9 Meanwhile set up the spectrophotonreter according 
to the manufacturer's instructions. Adjust the 
absor bance reading to zero with water in the 
reference cell. 

1 8.10 Meastir e the absorbance of the solution at 700 urn 
using 10 mm cells, against water in the reference 
cell. I et the absorhance of the sample he A. (note 
c) 

(c) 40 or 100 mm cells can be used if greater sensi- 
tivity is required 

Blank dclcrmination (note cI) 

1 8.11 A blank must he included with each batch of 
determinations using the same batch of reagents as 
for samples. Carry out steps 18.2 to 18.10 using 
So ml water in place of the sample. Let the 
absor bance of the blank he Ab. 

('akulal ion 

(d) The blank sample should he water if no other 
pretreatment was required or, if a pretreatment 
(section 0) has been used, the blank solution 
from a pretreatment described in the section. 

1 8. 12 1 lie absor barice due to silicon in the sample is given 
by 

A1= A- A1 

I or coloured or turbid samples see also section 
111.4. 

I )etermine the mass NI (in tg Si02) of silicon in the 
processed sample, from the value of A1 and the 
calibration curve (see section 1.9). 

Calculate the silicon concentration, C, of the origi- 
nal sample (in mgi. I SiO,) from 

C 

F9 Preparation of 
calibration curve 

1 he procedure given in this section must be carried out on at least two independent 
occasions before the application of this method to any samples and regularly thereafter. 
Any significant departure from linearity indicates that the techniciue is suspect at some 
stage. 

1 o a series of 100 nil plastic volumetric flasks add 0.00, 2.00, 4.00, 6.00, 8.00 arid 
10.00 ml. of standard silicon solution B. The beakers now contain 0,100, 200, 300, 400 
and 500 jg of SiO-,. Dilute each solution to 50±5 ml. with water and mix well. Proceed 
as described in steps 18.5 to 18.10. I'lot tire results for (A — Ab) against Si02. 1 he 
calibration graph is linear to at least 500 tg Si02. 

FlO Concentration 
ranges of the method 

1 10.1 Suitable volumes of sample to be used may he estimated from the following 
table 

1 able 2 

Ixpected 
concentration 
mgi Si02 

<10 
10-20 
20-50 

40 100 

Aliquot to be used 

(rim ) 

50 
25 
10 
5 
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\Vhen higher concentrations of silicon are likely to be encountered, it is recommended 
that the samples are diluted to an appropriate concentration and a corresponding 
multiplication factor incorporated in the calculation of the results. 

}; 10.2 If greater sensitivity is required measure the absorhance at 700 nm using 40 mm 
or 100 nuii cells. 

110.3 Ifeven greater sensitivity is required measure the absorhance at 810 nm in either 
10 mm or 40 mm cells. Even longer cell paths may he used if necessary. See comment 
under phosphorus earlier. 

(At 810 nm, a 40 mm cell offers a sensitivity about 10 times that measured at 700 nni in 
a 10 mm cell). \Vhen using these modifications appropriate calibration graphs must he 
prepared, and the linear range checked. 

Fl 1 Sources of error The attention which it is necessary to pay to sources of error depends on the accuracy 
required of the analytical results. The following sub-sections summarize the main 
sources of error. 

F 11 .1 Contamination 
Silicates are ubiquitous. The technique and working conditions should be critically 
examined and any sources of contamination eliminated or minimised. It is advisable to 
carry out a preliminary series of blank determinations before analysing any samples. 
lhis will ensure that any unduly high and/or variable blank values are detected so that 
steps can he taken to eliminate the problem. 

F ii .2 Silicon content of the water used for blank determinations 
If the water used for the determinations contains silicon compounds, the results for 
saniples will be falsely low. Clearly the importance of this error depends on the silicon 
content of the water and the concentrations of interest in the samples. Experience has 
shown that with good quality reagents, blank values should not exceed 0.02 absorbance 
units under the conditions used in section F8. Ideally, the silicon content of the water 
should he less than I mg 

- and tests should be made to verify this (see section E10.2). 
If this concentration is likely to lead to unacceptable bias in the sample results, then 
method I should be used together with suitably purified water. When preparing 
deionized water, care should be taken not to run ion exchange beds too near to 
exhaustion as 'silica breakthrough' could produce very high silicon concentrations 
without any conductivity increase being found in advance of the appearance of major 
anions. Such breakthrough is a potential source of blank bias. 

Fil .3 Interfering substances 
Sec section 1:3. 

Eli .4 Colour and Turbidity 
Coloured and/or turbid samples may interfere in the spectrophotometric measurement 
of the silico-molybdenum blue complex. 

It may he possible to compensate for such interference by taking the same volume of 
sample through the colorimetric procedure except that step 1-8.5, the addition of 
amnionium niolybdate, is omitted and replaced by an equal volume of water. 

Note the ahsorhance due to this solution, let it he A 
1 hen A1 = A Ab — A and this value of A1 should be used in the calculation step. 



F 11 .5 Saline Waters 
Calibration curves in saline waters and distilled water are linear, but differ significantly 
in slope (eg in sea water of salinity 35 gI 1, 10 mg Si02 0.79 aborbance units in a 
10 mmccli). Saline samples determined using a calibration curve prepared with distilled 
water will he negatively biased. Such saline samples should be analysed by a standard 
addition procedure, with a distilled water reagent blank. See also Ref 42. 

F12 Automated See section Eli. 
Procedures 

F13 Modification to Under certain conditions, both alpha and beta forms of the silicomolybdic acid can he 
Procedure F8 formed. By careful timing of the reagent mixing processes, including the addition of the 

reducing agent, reproducible 'blue' production can be achieved, Interference from 
phosphomolybdate production at high acidities can be minimized by the addition of 
oxalate or tartrate, in significant amounts. 
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Pretreatment Methods to Convert Other 
Forms of Silicon to Soluble Molybdate 
Reactive Silicon 

As several variations in pretreatment are possible, the analyst is recommended to try out 
the proposed procedures prior to analysing samples. As given, the pretreatment 
procedures are written for use with method F hut see the Introduction notes 8 and 9. 
After neutralization, it is often possible to use method F with treated samples. 

For very insoluble materials see Ref 22. 

Gi General Information 

G 1 .1 Forms of Silicon Silicon occurs in natural (including saline) and waste vaters in one or more of the 
following forms (see Figure 3 which summarizes the pretreatment options): 

(a) Silicates and silicic acid present in true solution in monomeric and dimeric forms. 
These are the forms that react with ammonium niolybdate. 

(b) Silicates and silicic acid present in solution in a polymeric form. These may he 
present in a filtered sample, hut do not react with ammonium molybdate unless 
converted to the reactive form by suitable pretreatment. 

(c) Silicon present as submicron particles of 'colloical silica' is difficult to define as 
many fall somewhere between the polymeric form in solution and the insoluble 
form. 

(cl) Insoluble silica that can he retained on a filter. This form can be converted to the 
soluble molybdate reactive form by suitable pretreatment. 

(e) Silicate minerals, usually insoluble. 

(f) Organosilicon derivatives. 

(g) Some hiota such as diatoms, and some grasses etc contain much silica. 

Arbitrary distinctions on the basis of particle size distribution are commonly used. In 
this booklet soluble silicon is defined as that which passes an 0.45 ;m filter. Sometimes, 
however an 0.1 iii filter may he more appropriate. 

Insoluble silica cannot always he determined directly since it may not be possible to wash 
matter retained by a filter without altering its character. Therefore insoluble silica is 
usually determined as the difference between total silica and total soluble silicon. When 
this difference is very sniall, at high total silicon contents, this procedure could lead to 
unacceptably large errors and it niay then be preferable to determine the insoluble silica 
retained on the filter (Ref 35). 

Figure 3 below illustrates this information. 

If hiota are present decide whether the silica it may contain is relevant to the 
investigation. Note that the freezing of samples can change the reactivity of dissolved 
silica. See Ref 41. 



Gi .2 Sample See section F7. 
Collection and 
Preservation Figure 3 

1 orms of silicon obtained using various pretreatments in combination with Method F 

Sainpie 

/ Filter* 
/ (Pretreatment (13 
/ stepG33.I) 

I, 
I v aporat ion 

and alkali—fusion Filtrate Insoluble matter 
(Pretreatment 02) 

y 
Treat with alkali-fusion 

aqueous alkali (Pretreatment (12) 
(Pretreatment (13) (see Ref 39) 

y 
Method F Method F Method F Method F 

(No pretreatment) 

V V V 
lotal Silicon Soluble Total Insoluble 

Molybdate Soluble Silico!1 
Reactive Silicon 
Silicon 

*1 or clean waters in the absence of suspended matter, filtration of the sample is not 
necessary and total soluble silicon will also be the total silicon. 

Polymeric silicon 1 otal soluble silicon— soluble molybdate reactive silicon. 

insoluble silicon = Total silicon - total soluble silicon 

G2 Sample Pretreatment for Converting Total Silicon to 
Molybdate Reactive Silicon 

To determine total silicon it is necessary to pretreat a sample without filtration. Full 
blank determinations should be carried out before the routine use of pretreatment 
procedures and also alongside sample analyses. (See also section Fl 1.4). 

G2. 1 Ha?ardS Only normal ha7ards, especially those associated with strong acids and with alkali 
fusions are known to occur 's ith this method. 

G2.2 Reagents Analytical reagent grade chemicals are suitable. 

In addition to the reagents described in section F5, the following will be required. 

G2.2.1 20% rn/V Sodium carbonate solution 

Using plastic apparatus, dissolve 20.0 ± 0.1 g of sodiuni carbonate anhydrous in about 
80 nil of water, dilute to 100 ± I niL. Filter and store in a polyethylene bottle. 
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G2.3 Apparatus In addition to the apparatus described in section E6 the following will he required. 

G2.3.1 Platinum crucibles of about 30 mL capacity fitted with a lid 
The usual laboratory precautions for (lie care of platinum apparatus nust he observed, 
for instance, fusions must not he carried out it i the presence of peroxides or hydroxides 
of the alkali and alkaline earth metals. 

Never allow red-hot platinu,n crucibles to conic into contact with base ,netals. handle 
crucibles on/ with platinutn tipped tongs. Always use an oxidizing flame when gas 
burners are the source of heat since reducing flames, particularly smoky flames, will 
seriously damage platinumn ware. 

It is not advisable to heat platinu,n ware on hotplates. 

Crucibles may be cleaned by adding a small quantity of potassium hydrogen sulphate 
and heating to fusion. Ensure that the molten salt comes into contact with the entire 
inner surface of the crucible. Cool, dissolve (lie mnelt with water and rinse thoroughly 
wit/i water. 

In addition to (lie above treatmnent carry out the sodium carbonate fusion procedure 
given below in steps G2.4.3—5. Leach (lie crucible with hot water and rinse thoroughly 
with water. Dry (lie crucible in a dust free electric oven at 105°C and store protected 
froni dust. 

G23.2 Plastic beakers 250 ml. eg polyethylene, polypropylene, polycarbonate, or 
PilL. 
G2.3.3 Muffle furnace capable of heating a platinum crucible to a temperature 
sufficient to fuse sodium carbonate (ie intense red heat ca 850°C). 

Alternatively, a suitable gas burner may be used. 

G2.4 Pretreatment procedure 

Step Pioceduic Notes 

Pretreatment of sample 
(12.4.1 1ransfei a suitable volume of homogenous sample (a) Select the volume of sample as shown in section 

to a platinum crucible (note a). Let this volume he G2.5. If the volume V1 exceeds 30 mL, add the 
V1 ml. sample in small portions and carry out step 

(12.4.2 until a total of ml. has been evapor- 
ated. 

(12.4.2 Ivaporate the sample to dryness on a steam bath or (h) Take care to avoid loss of contents by spattering 
by using a radiant heater, taking care to avoid and/or frothing. Also, see section Ci2.3 concern- 
spattering (note h). ing the care of platinum apparatus. 

(12.4.3 AcId 10.0 0.1 ml of 20°o ni/\' sodium carbonate 
solution ensuring that the entire residue is moist— 

cued. 

(12.4.4 ('over tile crucible with a lid, reduce the solution to 
low volume, preferably on a steam bath, then 
evaporate to dryness. I leat gently over a low flame 
until the contents become quiescent (note b). ii ansfeu the crucible to the muffle furnace and 
corn mile this heating until the entire contents 
appear as a transparent glassy melt. (See (12.3.1 
above). 

Allow the crucible to cool to room temperature in a (c) The exterior surface of the crucible must be kept 
dust-free atmosphere (note c). scrupulously clean to minimise contamination. 



Procedure Notes 

(12.4.5 l'lace the crucible on its side together with the lid in 
a 250 ml plastic beaker. 

Add 150 10 ml of boiling water and place on a 
steam bath until the melt has dissolved. 

Remove the crucible and lid from the beaker using 
platinum tipped tongs and rinse with water so that 
the washings are collected in the beaker. Allow the 
solution to cool to room temperature. 

(12.4.6 Cautiously add 50 I ml of hydrochloric acid (d) The acid must be added slowly to prevent 
solution (I .OOM) (note ci). Mix, allow to cool and frothing and loss of solution. 
transfei the solution to a 250 ml calibrated flask, 
dilute with \vatei to the mark, stopper and mix 
well. 

(12.4.7 Reserve the solution for the determination of (e) This solution is used in place of the sample. The 
molybclate reactive silicon as described in section F volume (V ml.) to use is given in section (12.5. 
steps 18.2 to 18.10 inclusive (note e). Pay particular attention to the neutralisation 

steps given in step F8.3 and note c. 

Blank determination (note f) 
(12.4.8 Add 10.0 0.1 ml of sodium carbonate solution (f) Carry out a blank determination with each set of 

to a platinum crucible, sample determinations. 

I'ioceed as desciihed from (12.4.4 to step (12.4.7. 

Reserve this solution for the blank determination (g) This solution is used in place of water. The 
as ciecribcd in step 18.11 (note g). volume to use will he the sanie as that used for 

the sample solution. Pay particular attention to 
the neutralisation steps given in steps 18.4 and 
E8.11 and note c. 

('alculalion of results 

(12.4.9 1 he absorbance clue to total silicon in the processed 
sample is given by A A — A1. 

l)etermine the mass NI (in jg Si02) of total silicon 
in the processed sample from the value of A1 and 
the calibration curse. 

('alculate the total silicon concentration, C, in the 
original sample (in mgi ' Si02) from 

NI 250 Cr 'x 
V V1 
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02.5 Suitable Sample 
Vol times 

Suitable volumes of sample to be used may be estimated from the following table: 

Iable 3 

Fxpected total silicon 
content of the sample 
(mgi - 

Si02) 

<10 
10-20 
20-80 
80-200 

200-400 
400- 1,000 

1,000-2,000 
2,000-4,000 

Aliquots to he used 
for pretreatment stage for colorimetric stage 

V1 nil. V nil. 

100 
50 
25 
10 

5 
S 

5 

50 
50 
50 
50 
50 
20 
10 

S 

G3 Sample Pretreatment for Converting Total Soluble 
Silicon to Molybdate Reactive Silicon 

1 o determine soluble silicon, it is necessary to pretreat a filtered sample. 

G3.1 Reagents 

G3.2 Apparatus 

As described in section 15. 

As described in Section 16. 

G3.3 Pretreatment procedure 

Step I 'weed are 

Prelreatmeiil of sample 

Notes 

3. 1 1 ilter about 100 ml of homogenous sample 
It rotili an 0.45 m membrane filter to obtain a 

cleat solution (notes a and b). 

(13.3.2 Usine a plastic pipette transfer a suitable volume \7 

(not exceeding 50 nil.) of the filtrate to a 100 ml 
plastic beaket (note c). 

(13.3.3 Neutraliic with sodium hydroxide solution 
(I .OOM) or hydrochloric acid solution (1 .OOM) if 
necessary (note d) and add sufficient water to 
produce a volume of 50 - 5 nil if necessary. 

(13.3.4 Add 5.0 0.1 ml of sodium hydroxide solution 
I .OONI) and mix ve1l. 

U3.3.5 I Icat the solution on a steam bath for 30 5 
minutes. 

Allow the solution to cool to room temperature. 

(13,3.6 l'ipctte 15.0 0.1 ml of hydrochloric acid solu- 
ion (I .OOM) into the beaker and mix well. 
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(a) This step may he omitted if the analyst, due to 
his experience, judges it to he unnecessary. 

(h) For some purposes an 0. 1 tni membrane may he 
more suitable. 

(c) See section Fl0.1 for suitable volumes. A poly- 
ethylene bottle may be used instead of the bea- 
ker, in order to reduce the risk of contamination. 

(cl) The quantity of socliuni hydroxide solution 
(I .OOM) or hydrochloric acid solution (1 .OOM) to 
he added to neutralise V ml. or sample to methyl 
orange indicator should he determined on a 
separate V ml, portion of the (filtered) sample. 
(See F8.3). 



Step Procedure Notes 

(13.3.7 Reserve this solution for the determination of 
silicon as described in section F8 commencing at 
step 1 8.5. 

Blank (leterruination (note e) 
(13.3.8 Transfer 50 5 ml water to a 100 ml plastic (e) Carry out at least one blank determination with 

beaker, each set of sample determinations. 

Proceed as described in steps (13.3.4 —6. Reserve 
this solution for the blank determination described 
in step 1 8.11 hut omitting steps F8 .2 to F8 .4 

('ale tu I a lion 
(13.3.9 The absorbance due to total soluble silicon in the 

pi ocessecl sample is given by 

A= A,-A, 
l)ctei mine the mass NI2 (in Si02) of total soluble 
silicon in the processed sample from the value of 

and the calibrated curve. 

Calculate the total soluble silicon concentration, 
(',, in the original sample (in mgi 1 Si02) (from 

- - 
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H Determination of Phosphorus and Silicon by 
Emission Spectrophotometry 

Hi Inductively Coupled Plasma Emission 

Both 1)hOSPhOruS arid silicon can he determined by Inductively Coupled Plasma 
Emission Spectrophotonietry (ICPES). If not already in solution, a known weight of 
sample is brought into solution and made up to a standard volume and analysed 
according to the instrument niaker's instructions. See also the information on ICPES in 
the booklet on Inductively Coupled Plasma Spectronietry in preparation (Ref 36). 

Hi .1 Limits of Silica 10 pgl 
Detection (typical) 

Phosphorus 40 g1 —i (lower on some instruments) 

Hi .2 Wavelengths Many instruments only have set wavelengths (in nm) in which case a choice is not 
possible. 

Silicon 250.69 
251 .61 (usually the most sensitive line) 
288.16 
390.55 

Phosphoi us 177.50 
178.29 using a vacuum path 
213.62 
214.9 
253.57 

Hi .3 Known problems Silicon Sonic instruments develop source problems which must he rectified by 
cleaning. Regular control standards should be included in each batch 
of samples as a guard against this. Doubtful analyses should be 
repeated after rectification of the fault and the calibration has been re- 
checked. 

(;hroiiiiutii, iron, manganese and vanadium riiay interfere at 
251 .61 nni and chromium, iron, magnesium and vanadium at 
288.16 nm. 

Phosphorus Copper, aluminium, chromium, iron, manganese and titanium may 
interfere at some wavelengths. 

H2 DC Arc Emission 

Silicon in solid samples can he determined by 1)C arc emission spectrophotometry 

A weighed sample should he ignited to constant weight at 450CC in a metal crucible, 
cooled and reweighed. Then weigh out 30 mg portions, mix thoroughly with an equal 
weight of silicon free spectroscopic graphite, pack into an undercut graphite CU!) 
electrode and examine using a complete burn I)C arc (10 amp is usual) on a suitable 
emission spectrograph (see ref 37). Prepare a calibration curve using known amounts of 
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pure silica as samples. Addition and use of an internal standard to both standards and 
samples is suggested. 

Useful lines are 

lull 
212.3 over 5°/o in solid sample 
212.4 over 0.1Yo in solid sample 
250.7 
251 .4 usable down to about 
251.6 0.001 o in solid sample 
288.2 

H3 Phosphorus by Flame Photometry 

l'hosphorus, especially in organic compounds, is sometimes determined by measure- 
ment of either tile phosphorus-oxygen band head intensity at 526 11111, or the intensity of 
the phosphorus-oxygen band at 540.8 nm. An oxy-hydrogen or air-hydrogen flame is 
used. ihis is the basis of many of the phosphorus detectors used in chromatography; 
hut, given appropriate standard samples, can be used for simple quantiative analysis. 
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Estimation of the Validity of Analytical 
Results 

The analyst should establish an analytical quality control procedure to check the validity 
of results obtained. Because of the complex nature of phosphorus and silicon in water, 
analysis in respect of the forms to he determined and the wide range of concentrations 
likely to he encountered, it is beyond the scope of this booklet to present a scheme that 
satisfactorily covers all possible parameters. The analyst should follow the guidelines 
and statistical practices recommended in Refs 14 and 34. Controls should he selected 
appropriate to the range and conditions that prevail in the chosen overall analytical 
procedure. 
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Address for correspondence 

Users with information on these methods are requested to send results to the Secretary 
of the Standing Committee of Analysts at the address below. Furthermore, however well 
a method is tested, there is always the possibility of a user discovering a hitherto 
unknown problem. Users with information on these methods are requested to write to: 

The Secretary 
Standing Committee of Analysts 
l)epart ment of the Environment (I)rinking Water Inspectorate) 
43 Marsham Street 
I ON l)ON 
I nglancl 
SW II' 3P"' 

63 



Department of the Environment 

Standing Committee of Analysts 

Members of the Committee Responsible for these Methods: 

A Adams 5 J C McCullins 
P Adams 2,3 D McIntyre 2,5 II 1 Baruhoorn 4 D Midgley 5 
F B Basketter 3,4 J J Monaghan 4 
(1 A Best 1,4 P Morries 1,2 
1' F Bowles 3 R Mounce 5 
B Buckley 4 C C Musselwhite 2,3 F I Butler 3 D Myles 1,2 deceased 
M Clay 6 C J Nash 4 
C \V Clayfield I A H Nield I 
K I Cooper I deceased D I Packham 
II 1' Croll 1,4 H A Painter 1,4 F ('iowther 7 S J Patterson 1,2,3 J \' 1)adswell 4 K \V Petts S 
J A \V I)alziel 2 G F Philips 4 J A I)avics 2 I. R Pittwell 1,2,3,4,5,6 T A 1)ick I J F Portmann 
F I)ryhurgh 4 L I) Purdie 1,4 J \V K I)utton I B D Ravenscroft 1 
M C Finiear 4 B Rhodes 
1) N Fogg 2,3 deceased J P Riley 1,4,6 A R lolkard 2,3 C C Scott 2 
I lox 5,6 R Sinar 1 deceased J (iardiner I P Smith - 6 
NI (Iarclncr 4 P J Statham 6 
J K Garlick 4 M Stockley 2 I) (iclsthorpe 2,5 D Taylor 4 
(11 Gooclfellow 1,2 A Tetlow I 
K (ioodhead 2 K C Thompson 4 
1 K Graham I A M Ure 1 
1' (irecn S R J Vincent 2,4,5 
I llarpc I P J \Valker 4 F hodges I A Ware 4 (ii Ilolland 1,2 K Wheatstone 4 
A S Holmes 5 B T Whitham I deceased 
I) '1 F Ihint I A F Wilson 1 deceased 
Ni R Ilurcombe 4 D R Wood (MAFF) 1 
J ( Jones 4 R Wood (LGC) 1 
K law 4 DWoods 5 
\V 1' lewis 
1' J long 

Original Main Committee I Revising Main Committee 4 
Original Working (iroup 2 Revising Working Group 5 
Original Panel 3 Revising Panel 6 

Correspondent 7 

l'rirrtej the lIrrited rodont for EltrihO 
1)2203134 12/92 C7 (6443 10170 

64 



JIM SO 
IIMSO publlcdtions are available from: 

IIMSO Publications Centre 
(Mail and telephone orders only) 
l'O Box 276, london SWS 511! 
.1 clephone orders 071-873 9090 
General cnquirics 071-873 0011 

(queuing system in operation for both numbers) I ax orders 071-873 8200 

JIMSO Bookshops 
49 High Ilolborn, London VCIV6HB 
071-8730011 Fax 071-8738200 (counter service only) 
258 Broad Street, Birmingham BI 211F 
021-643 3740 lax 021-643 651Q 
Soulhey I louse, 33 Wine Street, Bristol BS1 2BQ 
0272 264306 lax 0272 294515 

- 

9-21 Princess Street, Manchester M60 SAS 
061-834 7201 Fax 061-833 0634 
16 Arthur Street, Belfast Bil 4G1) 
0232 238451 Fax 0232 235401 
71 Lothian Road, Edinburgh E113 9AZ 
031-2284181 Fax 031-229 2734 

IINISO's Accredited Agenis 
(see Yellow l'agcs) 

mid i/i r,zich good hook sellers 


	Bookmarks

