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SYNOPSIS 

In addition to a brief discussion on sewage sludge disposal, sludge 
contaminants, and the potential beneficial and adverse effects of the 
various inorganic chemical contaminants and nutrients commonly present 
in sewage sludge, this technical guide presents a scheme of analysis for 
the determination of the major inorganic contaminants and nutrients. 
Safety and simplicity were the main criteria considered in the selection 
of the various sample pretreatment procedures and analytical techniques. 

SAMKVAITING 

Benewens 'n kort oorsig van rioolslykdisponering, slykkoncaminante, en 
die potensieel voordelige en nadelige effekte van die; verskeie anor-
ganiese chemiese kontamir.ante r.n voedingstowwe wat gewoonlik in rioolslyk 
aangetref word, bied hierdie tegniese gids ook 'n ontledingstelsel vir 
die bepaling van die hoof anorganiese kontaminante en voedingstowwe. 
Veiligheid en eenvoud was die vernaamste kriteria wat vir die seleksie 
van die verskeie monstervoorbereidingsprosedures en ontledingstegnieke 
gegeld het. 
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FOREWORD 

The increasing need to control environmental pollution has focussed 
attention on effective disposal of solid wastes, particularly sludges 
derived from water purification and air scrubbing. Due to public 
awareness of water hygiene the technology of water treatment processes 
has been relatively well advanced to the detriment of final disposal of 
sludges derived from the former. 

The effective treatment of sludges pivots on their dewaterability and 
various other characteristics viz., physical, chemical and biological, 
which have hitherto been somewhat ill-defined. In response to requests 
from local authorities and the water industry in general, the Water 
Research Commission (WRC) negotiated with the National Institute for 
Water Research (NIWR) to conduct research on characterization of slud
ges. The prime objective was 'to identify those sludge characteristics 
that are best suited to evaluate the treatability of various sludges and 
which may be used to assess how effective various treatment processes 
are.' 

The NIWR has consequently conducted extensive research on various 
aspects of sludge characterization. It is intended to publish a separate 
report on the physical characterization of sewage sludges in relation to 
their dewaterability. This manual, which deals with the chemical 
characterization of sludges, should therefore be seen as partial fulfil
ment of the requirements of the formal agreement which was negotiated 
between the WRC and the NIWR. If does, however, also form part of a 
series of laboratory manuals prepared by the NIWR in the course of its 
National Programme of Interlaboratory Calibration Studies. 

The manual was prepared and processed under the auspices of a WRC 
Steering Committee for Sludge Characterization. Mr J. McGIashan, Senior 
Adviser of the WRC was chairman of this Committee and his guidance and 
encourangement as well as that of several members of the Committee are 
gratefully acknowledged. 

fiv) 



The chemical characterization of sludges is of particular importance 
when sludges are cc be disposed of on land. It has previously been 
established that the heavy metal content in particular may seriously 
prejudice its use as a soil conditioner and many overseas countries have 
already imposed strict limitations on heavy metal loading. It i* 
therefore important to ensure that chemical analyses of sludges are 
standardized satisfactorily and that reliable methodology is used. 

An examination of the methods available for sewage sludge analysis 
showed that a wide variety of techniques are being employed not onl) for 
the actual analysis of the sludge sample but also for its collection, 
preparation, and pretreatment prior to analysis. This manual is therefore 
an attempt to bring together in one publication what are considered to 
be the most suitable methods for the determination of the most important 
constituents of sewage sludge. The methods have been selected as being 
the most suitable in terms of safety, speed and simplicity, and are 
based on well-knovn and well-tried analytical techniques. Most of the 
laboratories in South Africa involved in the analysis of sewage sludge 
will be equipped with the instrumentation necessary for the implementa
tion of most, if not all, of the analytical methods described. 

It is hoped that this manual will promote effective disposal of sludge 
to the benefit of not only the water industry, but also to the fertility 
of our soils which are being depleted to an ever increasing extent. 

CHIEF DIRECTOR: NATIONAL INSTITUTE FOR WATER RESEARC" 
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INTRODUCTION 

Sewage sludge disposal 

Sewage treatment separates sewage into two components: 

(1) The effluent, which is purified and disposed of at the required 
quality standard by discharge into rivers. 

(2) The sludge, which is heavier and thicker than the effluent, 
and which can be disposed of by any of the following means: 

(a) Application, in raw or composted form, to agricultural 
land. 

(b) Burial in sanitary land fill sites. 

(c) Disposal at sea. 

(d) Incineration. 

Some form of pretreatment aad dewatering is generally required 
prior ••o disposal by methods (a), (b) and (d) above. 

The disposal of sewage sludge to agricultural land can be beneficial, 
as valuable nutrients such as nitrogen and phosphorus are utilized, 
while dispose! to land fills, although unproductive, often has 
economc advantages and may avoid many of the risks associated with 
land application. Since many sludges will contain toxic substances 
in concentrations higher than those found in typical soils, their 
conti.iued use could lead to adverse crop and food chain effects due 
to plant uptake of certain trace metals and other contaminants, 
and, secondly, to groundwater contamination by toxic substances 
leached from the sludge. 

Although the properly designed disposal of sewage sludge to sea is 
unlikely to have any direct effects on public health when adequate 
dilution is provided for, careful selection of the disposal site is 



advisable in order to avoid any detrimental effects on the marine 

environment, in particular on accumulator organisms such as mussels 

and oys ters. 

Incineration will avoid the problems associated with the disposal 

of sludge to land or the sea, but it requires considerable capital 

outlay, while operating costs are relatively high, and careful 

control is necessary in 'cï.e removal of the resulting ash, dust and 

scrubber water and in chimney emissions. 

Contaminants in sludges 

It is essential that sewage sludges be adequately monitored in 

o^der that contamination be maintained at levels which permit their 

biological treatment and ultimately their safe disposal. Contami

nants may be present in any or all of the following forms: 

(1) Inorganic, for example, arsenic, boron, cadmium, chromium, 

copper, fluorine, lead, mercury, molybdenum, nickel, selenium, 

zinc. These can detrimentally affect the biological treatment 

of the sludge as well as the growth of plants and the health 

of animals and marine life. 

(2) Organic, for example, pesticides, herbicides, organotin and 

organophosphorus compounds, so-ne of which are known to be 

carcinogenic or teratogenic. In addition, detergents and 

other organic materials have been found to cause serious 

inhibition of sludge digestion. 

(3) Pathogens, in the form of bacteria, viruses, egg£ of parasitic 

worms, protozoan cysts. 

Effects of inorganic chemical contaminants and nutrients commonly 

determined in sewage sludges 

(1) Potential beneficia) effects 

Increased yields from the application of sewage sludge to 



agricultural land come mainly from the nutrients nitrogen and 
phosphorus contained in the sludge. Other components of sludge, 
such as potassium, .agnesium and cer:ain trace elements, may 
also be beneficial to crops, and the added lime in some 
sludges can be useful in raising soil pH levels. 

Potential adverse effects 

Careless or indiscriminate application of sewage sludge may 
result in adverse effects such as spread of disease or pollu
tion of water sources. Soils mav also be contaminated, 
affecting crop yields or resulting in the presence of toxic 
residues in crops. With proper care in treatment, handling, 
and monitoring, these effects can be kept to acceptable 
levels. Heavy metals in particular should be viewed in terms 
of the following definitions: 

Zinc: This metal, although essential to plant life, can be 
phytotoxic in excessive quantities. It rs readily taken up by 
plants from the soil and accumulates ;.n their tissues, but it 
has a relatively low toxi Lty to animals and humans. 

Copper: This netal is also essential r,o plant life, but can 
alsc be phytotoxic in large quantities. It is taken up by 
plant roots but translocated only to a limited extent. Copper 
is also essential in animal diet, but can be toxic in excessive 
amounts, particularly to sheep. The toxicity effects of this 
element are reduced in the presence of other metals such as 
iron, zinc and molybdenum. 

Nickel: This metal is very toxic to most plants. It appears 
to occupy an intermediate position as regards uptake, with 
some translocation into shoots and leaves from the roots. It 
is not very toxic to animals. 

Zinc equivalent: Zinc, copper and nickel often occur together 
in sewage sludge and since their effects appear to be additive 
when present in high concentrations, the 'zinc equivalent' can 
be used for determining the maximum permissible sludge addition 
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and soil concentration. This is a convenient way of expressing 
in a single figure the total level of these three phytotoxic 
elements, viz: 

Zinc equivalent = (lXmg/kg Zn)+(2Xmg/kg Cu)+ (8Xmg/kg Ni) 

Cadmium: This metal is not only phytotoxic, but is also 
highly toxic to humans. It is readily absorbed from soils and 
translocated by plants, the major route of exposure of man to 
cadmium through food being from cereals and vegetable crops. 

Chromium: This metal is normally present in sewage sludge 
predominantly in the insoluble trivalent form, which is 
relatively non-toxic. The more toxic and soluble hexavalent 
form is unlikely to be found in significant concentrations i' 
raw sludge. Toxic effects due to chromium in sewage sludge 
have not been observed in plants cr in animals consuming crops 
gtovn on sludge-treated land. 

Lead: Althougn it has not been shown to be particularly 
phytotoxic, lead is both toxic and cumulative in humans and 
animals. It is a non-essential element. When lead is equilibra
ted in soil it tends to become very insoluble and is not 
readily taken ix\> and translocated by plants. The main ricks 
from this metal are from surface contamination of crops ar.d 
the ingestion of lead-contaminated sludge or soil by grazing 
animals. 

Mercury: This element is very toxic to animals and man, but 
the extent to which it is taken up by plants is believed to be 
slight. Mercury is largely lost from the surface of soils by 
volatilization and che content in soils is usually low. 

Arsenic: Plant growth can be affected in soils with 'available' 
arsenic content of 5 mg/kg or more. 

Selenium: This is an essential element for livestock but is 
toxic in high amounts. Its availability to crops increases at 
higher soil pH. in alkaline soils a to^al content of 5 ing/kg 
or more would have adverse effects. 



j " ^n 
Molybdenvm: This metal is not phytotoxic but high intakes by 
grazing animals can cause or exacerbate copper deficiency 
problems. Like selenium, molybdenum becomes more available to 
plants with increasing soil pH. 

The pH value of sewage sludge is used to assess the application 
rate of disposal of the sludge to land, and, in the case of 
digested sludge, to monitor digester performance. The availabi
lity of selenium and molybdenum to plants increases with 
increasing soil pli. Aluminium and manganese can be toxic in 
very low pH soils. 

1.4 Scheme of analysis 

This guide is primarily concerned with the determination of the 
wain inorganic chemical contaminants and nutrients found in sewage 
sludge. The methods in the guide have bee'- selected as being the 
most suitable in terms of safety and simplicity. In this regard, 
the use of such hazardous chemicals as hydrofluoric acid, hydrogen 
peroxide and perchloric acid for the pretreatment of the sludges 
prior to analysis has been avoided, while the use of instrumental 
analytical techniques has been limited basically to potentiometric 
and UV/visible and atomic absorption spectrophotometric measurements. 

A flow diagram of the sample pretreatment procedures and analytical 
techniques used for the determination of the various constituents 
and parameters specified in Lh:.s manual is shown in Figure 1 . 
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Figure 1: Flow diagram for sewage sludge analysis 



2. SAMPLE COLLECTION AND PREPARATION 

The importance of applying valid sampling techniques cannot he too 
strongly emphasized if the subsequent analysis is to have any 
significant /alue. Because of their heterogeneous nature sampling 
and sample preparation of sewage sludges prior to pretreatment and 
analysis should be carried out with extreme cart if the sample is 
to be a truly representative one. In the case .' wet sludges, 
gross atypical soJids should first be removed by passing the sample 
through a 5 mm sieve, and the sample ar.3lysed . soon as possible. 
If samples are to be stored before analysis, their temperature 
should be maintained between 0 and 5 °C and/or suitable preservatives 
added, depending on the constituent or parameter being determined. 
Foi the sampling of air-dried sludges from drying beds, portions of 
sludge should be taken from throughout the bulk and not only from 
the surface. A composite sample should be prepared from about 20 
to 25 'core' samples collected from throughout the bulk. Subsampling 
of this composite and subsequent drying and grinding procedures 
should be aimed at producing a truly homogeneous sample which can 
pass through a 0,5 mm sieve. 

Sewage sludge samples for analysis may be in any of the following 
forms: 

(1) Sample 'as is': In this case the sample will be in the same 
form as it was collected. If 'dry basis' results are required, 
a total residue determination should be carried out on a 
separate portion, as in Section 3, and a correction applied. 

(2) Sample after air-drying (below 30 °C): Again, for 'dry basis' 
results, a total residue determination rhould be carried out. 

(3) Sample after freeze-drying or drying a;. 105 °C: Results on 
this sample will be 'dry basis'. 

(4) Water-washed sample: The sample will have been filtered, the 
residue washed with cold water to remove extraneous sewage 
effluent and other water-soluble material, and either air-dried, 
freeze-dried, or oven-dried at 105 °C . This sample will 
contain only water-insoluble constituents. 
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DETERMINATION OF TOTAL, FIXED AND VOLATILE RESIDUE 

Principle 

This method is applicable to the determination of total residue on 
evaporation and its fixed and volatile fractions in sewage sludge. 
The determination of both total and volatile residue in this 
material is subject to negative error due to loss of ammonium 
carbonate and volatile organic matter while drying. Results for 
residues high in oil or grease content may be questionable because 
of the difficulty of drying to constant weight in a reasonable 
time. 'Fixed' residue does not distinguish precisely between 
organic and inorganic residue because the loss on ignition is not 
confined to organic matter, but induces losses due to decomposition 
or volatilization of certain mineral salts. 

Apparatus 

(1) Muffle furnace, for operation at 550 °C . 

(2) Drying oven, for operation at 103-105 °C . 

(3) Desiccator, with desiccant. 

Procedure 

(1) Total residue: Ignite a clean evaporating dish at 550 °C for 
1 h in the muffle furnace. Cool in a desiccator and weigh. 
Place 25-50 g sample in the dish and weigh to the nearest 
0,01 g . Pi.ace the dish in the drying oven at 103-105 °C 
overnight. Cool in a desiccator and reweigh. 

(2) Fixed residue (ash) and volatile residue: Determine on the 
total residue obtained in (1) above. Place the dish in a cool 
muffle furnace, heat to 550 °C and ignite sample for 1 h . 
Cool in a desiccator and reweigh. 

Calcul.-i on 

T . i - j r°r\ B x 100 Tota l r e s i d u e (%) = 
A 



T 
(B-C) x 100 

C x 100 
B 

Volatile residue (% dry basis) 

Fixed residue (% dry basis) 

where : A = mass of sample (g) 
B = mass of dried solids (g) 
C = mass of ash (g) 

Reference 

STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER 1980 15th 
Edition, American Public Health Association, American Water Works 
Association, Water Pollution Control Federation, Washington, D.C. 
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4. DETERMINATION OF pH VALUE 

Principle 

For semi-liquid and solid sludges, a suitable aqueous suspension is 
prepared and the pH determined potentiometrically. For liquid 
sludges, the pH is determined directly. 

Apparatus 

(1) pH meter, consisting of potentiometer, glass electrode, 
reference electrode, and a temperature compensating device. 
For routine work, the meter should be accurate and reproducible 
to 0,1 pH units, with a rang^ of 0-14 units. 

2) Mechanical shaker. 

Reagents 

(1) Water: Use fresh deionizpd distilled water. 

(2) Standard pH buffer solutions of pH values 4,0, 7,0 and 9,0: 
Use commercially available tablets or powders for the preparation 
of these solutions. 

Procedure 

(1) Preparation of samples: 
(a) Liquid sludges (generally less than 100 g/5 solids). 

These do not require any preparation. If oil or grease 
is present, it should be removed by filtration through a 
cotton wool pad before determining the pH, otherwise a 
film may form on the electrodes of the meter. 

(b) Semi-liquid and solid sludges (generally more than 
100 g/f solids). Determine the total residue of the 
sample as described in Section 3. Weigh an amount of 
sample equal to a mass of 5,0 + 0,1 g of sludge dried at 
105 °C into a 150 mi stoppered conical flask. Add to the 
flask sufficient water to make the total volume 100 ± 

2 ml . Stopper the flask and shake, preferably on a 



mechanical shaker, until the sample xs thoroughly dispersed 
(it may be necessary to break down the solids into small 
pieces prior to shaking), but in any event for not less than 
1 F min . 

(2) Measurement of pH value: Set up the pH meter according to the 
manufacturer's instructions. Standardize the meter using 
standard buffer solutions of pri value close to that of the 
sample being tested. Sample solutions, buffer solutions, and 
electrodes should all be at the same temperature (± 1 °C). 

Rinse the electrodes thoroughly with water and immerse in the 
sample after ensuring that the sample is thoroughly dispersed 
by stirring. Read the steady pH value after 30 - 60 s . 

Remove the electrodes and rinse thoroughly with water. At the 
end of the batch of samples clean the electrodes with a soft 
wet tissue and rinse thoroughly with water (If necessary, 
clean with dilute acid before rinsing with water). 

Reference 

DEPARTMENT OF THE ENVIRONMENT 1977 Standing Convmittee of Analys t s . 

Determination of the pH Value of Sludge, Soil, Mud and Sediment; 

and Lime Requirement of Soil. Her Majesty's Stat ionery O f f i c e , 

London. 
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DETERMINATION OF TOTAL KJELDAHL NITROGEN 

Principle 

A sample of the sludge, equivalent to 0,5 g of total solids, is 
digested with a mixture of sulphuric acid, potassium sulphate and a 
mercuric sulphate catalyst in order to conver _ ammonia nitrogen and 
organic nitrogen compounds to ammonium sulphate. After decomposition 
of the mercury aianonium complex by addition of an alkaline solution 
of sodium thiosulpha*-e, the ammonia is distilled into a boric acid 
solution and measured by titration with standard sulphuric acid. 

This procedure converts nitrogen compounds of biological origin, 
such as amino acids, proteins and peptides to ammonia. Organic 
nitrogen in the forn. of azide, azine, azo, hydrazone, nrtrile, 
nitro, nitroso, oxime and semicarbazone is not determined. Total 
kjeldahl nitrogen represents the sum of the organic nitrogen and 
the ammonia nitrogen. Nitrate and nitrite are not determined. 

Apparatus 

(1) Digestion apparatus: Kjeldahl digestion unit, block digester, 
or other heating device capable of adjustment so that 250 m£ 
of water at an initial temperature of 25 °C can be heated to a 
rolling boil in approximately 5 min . A heating device 
meeting this specification should provide the temperature 
range of 365-370 °C for effective digestion. A suitable fume 
hood for the removal of SO3 fumes should also be provided. 

(2) Distillation apparatus: Kjeldahl distillation unit, or a 
steam distillation or other heating unit and condenser with 
condensing tube of borosilicate glass or block tin or aluminium. 

Reagents 

(1) Water: Use deionized distilled water. 

(2) Sulphuric acid: Use concentrated AR grade. 



(3) Sulphuric acid solution, 170 ml/l: Add, slowly and carefully 

with swirling, 170 ml sulphuric acid to 500 mil water, allow to 

cool, and dilute to 11 with water. 

(4) Mercuric sulphate solution, 80 g/2. : Dissolve 80 g red 

mercuric oxide (AR grade) in 500 mi, of 170 g/l sulphuric acid 

solution and dilute to 1 I with water. 

(5) Digestion reagent: Dissolve 134 g potassium sulphate (AR 

grade) in 650 mi. water and 200 mí. sulphuric acid. Add 25 mi 

of 80 g/£ mercuric sulphate solution and dilute to 1 I with 

water. Maintain this solution at a temperature close to 

20 °C to prevent crystallization. 

(6) Sodium hydroxide/sodium thiosulphate solution, 500 g/i./25 g/l : 

Dissolve 500 g sodium hydroxide (AR grade) and 25 g sodium 

thiosulphate pentahydrate (AR grade) in waer and dilute to 

1 I with water. 

(7) Mixed indicator solution: Dissolve 0,2 g methyl red indicator 

in 100 ml 95 % ethyl alcoho1. Dissolve 0,1 g methylene blue 

indicator in 50 mi. 95 % ethyl alcohol. Combine the two 

solutions. Prepare a fresh solution monthly. 

(8) Indicating boric acid solution, 20 g/i: Dissolve 20 g boric 

acid (AR grade) in water, add 10 ml mixed indicator solution, 

and dilute to 1 I with water. Prepare a fresh solution 

monthly. 

(9) Standard sulphuric acid solution, 0,01 ir.ol/f.: Prepare by 

appropriate dilution of an ampoule of concentrated volumetric 

solution of sulphuric acid (Riedel-de Haën 'Fixanal'* or 

equivalent) in a standard volumetric flask with water. 

One m9 of 0,01 mo 1/2. sulphuric acid solution 0,28 mg N. 

Pretreatment of samples 

(1) Digestion procedure: Weigh into an 800 ml. Kjeldahl flask an 

amount of the sample equal to a mass of approximately 0,5 g of 

'-'•'Mention of trade names is for information purposes only and does not 
imply endorsement by the National Institute for Water Research. 



the sludge dried at 105 °C . Add carefully 50 mi. of digestion 
mixture, followed by a few boiling granules. Mix by swirling. 
At low to medium heat, slowly digest the mixture until SO3 
fumes ai _ evolved and the solution turns colourless or pale 
yellow. Increase the temperature to full heat and continue 
digestion for a further 30 min . Allow the mixture to cool 
and dilute to about 300 mi. with water. Tilt the flask and 
carefully add 50 mil sodium hydroxide/sodium thiosulphate 
solution. Connect the flask to a previously steamed-out 
distillation apparatus, and swirl the contents of the flask to 
ensure complete mixing. 

(2) Distillation procedure: Attach a 500 mi- Erlenmeyer flask 
containing 50 mi- of indicating boric acid solution to the 
condenser outlet of the distillation apparatus, ensuring that 
the tip of the outlet is below the surface of the boric acid 
solution. Distill and collect 200 mi- of distillate at a rate 
of about 6 to 10 mi/min . Lower the flask and rinse the 
outlet tip into the distillate with v.^er. 

Measurement of ammonia concentration 

Titrate the ammonia in the distillate with the standard 0,01 mol/i. 
sulphuric acid solution to a pale lavender end-point. Note the 
volume of 0,01 mol/i- sulphuric acid solution required. 

A blank solution should be carried through all the steps of the 
digestion, distillation and titration procedures, and the necessary 
correction applied. 

Calculation 

Concentration of total Kjeldahl nitrogen in sample (mg/kgN, dry 
basis) 

= 28 000 (B-C) 
AT 

where : A = mass of sample (g) 
B = volume of 0,01 mol/i sulphuric acid solution titrated 

for sample (mi) 
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C = volume of 0,01 mol/í. sulphuric acid solution titrated 
for blank (mí.) 

T = total residue (%) 

Notes 

(1) Determinations of total Kjeldahl nitrogen on samples of sewage 
sludge dried at 105 °C are not accurate, as drying by this, 
procedure can result in the loss of ammonium salts. The total 
solids content should therefore be determined on a separate 
portion of the sludge. 

(2) Commercially available Kjeldahl digestion tablets may be used 
in the digestion mixture instead of potassium sulphate and 
mercuric sulphate. 

Reference 

STANDARD METHODS FOR THE EXAMILiTION OF WATER AND WASTEWATER 1980 15th 
Edition, American Public Health Association, American Water Works 
Association, Water Pollution Control Federation, Washington, D.C. 
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DETERMINATION OF TOTAL PHOSPHORUS 

Principle 

Approximately 0,2 g of thf sludge dried at 105 °C is digested with 
sulphuric acid and ammonium persulphate to convert polyphosphates 
and organic phosphorus compounds to the orthophosphate form. The 
mixture is diluted and filtered and the filcrate diluted to iOO mi . 
An aliquot of the solution is treated with sodium bi.ulphite 
solution to reduce ferric to ferrous iron, after which the orthophos-
phate is determined colorimetrically by measurement of the intensely 
blue-coioured complex formed by reaction with ammonium molybdate 
and potassium antimonyl tartrate, followed by addition of ascorbic 
acid. 

The total phosphorus content of a sample includes all of the 
orthophosphates an! conder-=ed phosphates, both soluble and insoluble, 
and organic and inorganic species. 

Apparatus 

(1) Hot-plate, thermostatically controlled. 

(2) Water bath, thermostatically controlled. 

(3) Spectrophotometer or filter photometer suitable for measurements 
at 880 nm with a light path of 1 cm or longer. 

Reagents 

(1) Water: Use deionized distilled water. 

(2) Sulph-iric acid solution, 300 ml/SL: Add slowly and carefully, 
with swirling, 300 ml sulphuric acid (concentrated, AR grade) 
to 600 m£ water, allow to cool, and dilute to I ? with water. 

(3) Potassium persulphate: Use AR grade. 

(4) Sodium biaL^phite solution, 50 g/i,: Dissolve 50 g sodium 
bisulphite (AR grade) in J £ of water containing 3 mi sulphuric 
acid (concentrated, AR grade). 



(5) Ammonium molybdate-po*-.assium antimonyl tartrate solution, 
8 g/i/ 0,2 g/£: Dissolve 8 g ammonium molybdate (AR grade) 
and 0,2 g potassium antimonyl tartrate (AR grade) in 800 ml 

water and dilute to 1 I . 

(6) Ascorbic acid solution, 60 g/i.: Dissolve 60 g ascorbic acid 
(AR grade) in 800 m£ water and dilute to 1 I with water. Add 
2 mi- acetone. 

(7) Standard stock solution: Dissolve 0,4394 g of potassium 
dihydrogen phosphate (AR grade), which has been dried at 
105 °C, in water and dilute to 1 I with wattr. This solution 
contains 100 mg/i. P. 

Preparation of standard solution 

Transfer, by pipette, 100 ml of standard stock solution tc a I I 
standard volumetric flask and dilute to I I with water. This 
solution contains 10 mg/i. P. 

Pretreatment of samples 

Weigh accurately approximately 0,2 g of the sample dried at 105 °C 
into a 150 ml Erlenmeyer flask. Add 50 ml water and 1 mi, of 300 ml/I 

sulphuric acid solution, swirling to mix, followed by 0,5 g potassium 
persulphate. Add a boiling granule and boil on a preheated hot-plate 
until a volume of about 10 m£ is reached (.do not allow the mixture 
to spatter). Cool and dilute to about 60 mi. with water, filter 
through a Whatman No. 42 paper into a 100 ml standard volumetric 
flask, and dilute to 10J mi- wi water. 

Measurement of orthophosphate concentration 

Pipette 5 mi. (or, if necessary, a smaller aliquot) into a 150 mi. 
Erlenmeyer flask and dilute to about 30 mi . Transfer, from a 
burette, 0, 5, 10, 15, 20, 25 and 30 mi portions ot the standard 
solution (10 mg/i. P) to a series of 150 mi. Erlenmeyer flasks and 
dilute each solution to about 30 ml . 
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/dd to each flask 1 ni& of 300 m£./2. sulphuric acid solution and 5 mi. 
of sodium bisulphite solution, and swirl to mix. Transfer to 
water bath and heat at 95 °C for 30 min . Cool and dilute to 50 -IA, 
with water. Add 4 mH of ammonium-molybdate-potassium antimonyl 
tartrate solution and mix. Add 2 mi ascorbic acid solution and 
mix. After 10 min , measure the absorbance at 880 nm (1 cm cell). 

Determine the mass of orthophosphate in each sample aliquot by 
reference to the calibration curve obtained by plotting the mass of 
orthophosphate contained in each standard solution aliquot (0, 
0,05, 0,10, 0,15, 0,20, 0,25, 0,30 mg respectively) versus the 
corresponding absorbance readings. 

Calculation 

Concentration of total phosphorus in sample (mg/kgP, dry basis) 

1000 B 
A x _V_ 

100 

where : A = mass of sample (g) 
B = mass of orthophosphate in sample aliquot (mgP) 
V = Volume of sample aliquct (m£) 

References 

STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER 1980 15th 
Edition, American Public Health Association, American Water Works 
Association, Water Pollution Control Federation, Washington, D.C. 

ENVIRONMENTAL PROTECTION AGENCY No date Total Phosphorus in Bottom 
Material. 
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7. DETERMINATION OF CALCIUM AND MAGNESIUM 

Principle 

Approximately 0,5 g of the sludge dried at 105 °C is extracted with 

12 mí- of aqua regia for a minimum of 30 min . After addition of 

5 m£ of water, the mixture is filtered and the filtrate diluted to 

200 mi- . The calcium and magnesium present in this solution are 

determined by means of flame atomic absorption spectrophotometry, 

using a nitrous oxide-a etylene flame. 

Apparatus 

(1) Hot-plate, thermostatically controlled. 

(2) Atomic absorption spectrophotometer, equipped with a nitrous 

oxide- acetylene burner and suitable hollow cathode lamps. 

I 

Reagents I 

(1) Water: Use deionized distilled water. 

(2) Aqua regia: Add 3 mi of nitric acid (concentrated, AR grade) 

to 9 m£ of hydrochloric acid (concentrated, AR grade). 

Prepare this reagent only as required. 

(3) Caesium-lanthanum interference suppressant solution: Add 

400 mi- of hydrochloric acid (concentrated, AR grade) slowly 

and carefully (fume cupboard) to 117,0 g of lanthanum oxide 

(AR grade) in a 2 £ pyrex beaker. Stir the mixture until the 

lanthanum oxide is completely diss lved, then add 25,3 g of 

caesium chloride (AR grade) and again stir until dissolved. 

Cool the solution and add it to 800 ml of water. Dilute to 

2 I with water. Thiá solution contains 10 g/f Cs and 50 g/5. La. 

(4) Standard stock solutions: Use standard solutions of metals 

(I 000 mg/?) for atomic absorption spectrophotometry (BDH 

'Spectrosol''•'•' or equivalent). 

'•'Mention of trade names is for information purposes only and does not 

imply endorsement by the National Institute for Water Research. 

21 



J 

Preparation of sfandard solutions 

Add from a burette, the following quantities of standard stock 
solutions (1 000 mg/£) of calcium and magnesium to 500 mi standard 
volumetric flasks, each containing 6,8 mil nitric acid, 20,3 m£ 
hydrochloric acid, and 50 mi caesium-lanthanum solution: 

Standard Calcium Magnesium 
No. (mi) (mil) 

MSI 0 0 
MS 2 1,0 1,0 
MS 3 5,0 5,0 
MS4 10,0 10,0 
MS 5 15,0 15,0 
MS 6 25,0 25,0 
MS 7 35,0 35,0 
MS8 50,0 50,0 

Dilute these solutions to 500 mil with water and transfer to 500 mil 
polythene bottles. The concentrations of the solution are as 
follows: 

Standard 
No. 

Calcium 
<mg/£) 

Magnesium 
<mgM) 

MSI 0 0 
MS 2 2 2 
MS 3 10 10 
MS4 20 20 
MS 5 30 30 
MS 6 50 50 
MS/ / V 70 
MS8 100 100 

Pretreatment of samples 

Weigh accurately approximately 0,5 g of the sample dried at 105 °C 
into a tall-form 100 mi beaker and add 12 m? of aqua regia and a 



boiling granule. Cover the beaker with a watch-glass and heat on a 
hot-plate at medium heat until all bubbling has ceased (30 min 
minimum). Add 5 mi of water, filter through a Whatman No. 42 paper 
into a 200 mi standard volumetric fiask, and dilute to 200 m£ with 
water. (This soli ..ion can also be used for the determination of 
cadmium, chr^jiium, copper, lead, nickel and zinc - refer Section 8.) 

Measurement of calcium and magnesium concentrations 

Add 5 mx of caesium-lanthanum solution to a clean dry 50 mx standard 
volumetric flask and dilute to 50 mx with the pretreated sample 
solution. 

Aspirate the standard and caesium-lanthanum treated sample solutions 
under the conditions stipulated for the particular instrument being 
operated (see also table below) and note the absorbance values 
obtained. Calculate the concentration of each metal ion in the 
sample solution by reference to the calibration curves obtained by 
plotting concentrations of the standard solutions versus the 
corresponding absorbance readings. (For instruments equipped with 
direct concentration readout, this step will be unnecessary.) A 
correction factor of 9 should be applied to each result in order 
to allow for the addition of the caesium-lanthanum solution. 

A blank solution should be carried through the digestion and 
measurement procedures and the necessary corrections applied. 

Element Wavelength (nm) Flame 

Calcium 422,7 N20-acetylene 
Magnesium 285,2/202,5 NyO-acetylene 

Calculation 
• v(B Concentration of metal in sample (mg/kg, dry basis) = —-r-



where : V = volume of pretreated sample solution (mi.) 
A = mass of sample (g) 
B = concentration of metal in sample solution (mg/X.) 
C = concentration of metal in blank solution (mg/£) 

Notes 

(1) Different amounts of sample and/or diluent may be required, 
depending on the number of constituents in the sample pretreat
ment solution being determined and their concentration. In 
this case, for greater accuracy, the quantity of nitric and 
hydrochloric acids added to the standard solutions should be 
adjusted accordingly. 

(2) The same sample solution and procedure may be used for the 
determination, if required, of potassium and sodium (air-acety
lene flame), in which case standard solutions containing these 
metals should also be prepared. 
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8. DETERMINATION OF CADMIUM, CHROMIUM, COPPER, LEAD, NICKEL AND ZINC 

Principle 

Approximately 0,5 g of the sludge dried at 105 °C is extracted with 
12 mi- of aqua regia for a minimum of 30 min . After addition of 
5 mi of water, the mixture is filtered and the filtrate diluted to 
200 mi . The cadmium, chromium, copper, lead, nickel and zinc 
present in this solution are determined by means of flame atomic 
absorption spectrophotometry, using either an air-acetylene or a 
nitrous oxide-acetylene flame. 

Apparatus 

(1) Hot-pla'.c, thermostatically controlled. 

(2) Atomic absorption spectrophotometer, equipped with air-acetylene 
and nitrous oxide-acetylene burners, suitable hollow cathode 
lamps, and background correction facilities. 

Reagents 

(1) Water: Use deionized distilled water. 

(2) Aqua regia: Add 3 mi- nitric acid (concentrated, AR grade) to 
9 mi of hydrochloric acid (concentrate 1, AR grade). Prepare 
this reagent only as required. 

(3) Caesium-lanthanum interference suppressant solution: Add 
400 mi of hydrochloric acid (concentrated, AR grade) slowly 
and carefully (fume cupboard) to 47,0 g of lanthanum oxide (AR 
grade) in a 2 I pyrex beaker. Stir the mixture until the 
lanthanum oxide is completely dissolved, then add 12,7 g 
caesium chloride (AR grade) and again stir until dissolved. 
Cool the solution and add it to 800 mi. of water. Dilute to 
2 i with water. This solution contains 5 g/it Cs and 20 g/i- La. 

(4) Standard stock solutions: Use standard solutions of metals 
(1 000 mg/£) for atomic absorption spectrophotometry (BDH 
' Spectrosol'"" or equivalent). 

''Mention of trade names is for information purposes only and does not 
imply endorsement by the National Institute for Water Research. 
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Preparation of standard solutions 

Secondary stock solution I: Transfer, by pipette, 100 mi. of the 
standard stock solutions (1 000 mg/i.) of chromium, copper, lead, 
nickel and zinc and 20 mi. of the standard stock solution (1 000 mg/i-) 
of cadmium to a 1 Í standard volumetric flask, and dilute to 1 Í. 
with water. This solution contains 20 mg/i, Cd and 100 mg/i, Cr, Cu, 
Pb, Ni, Zn. 

Secondary stock solution 2: Transfer, by pipette, 100 mi- of 
secondary stock solution I to a 1 i. standard volumetric flask, and 
dilute to 1 I with water. This solution contains 2 mg/i, Cd and 
10 mg/i. Cr, Cu, Pb, Ni, Zn. 

Add the following quantities of secondary stock solutions 1 and 2 
to 250 mil standard volumetric flasks, each containing 3,4 mi, nitric 
acid, 10,1 mi, hydrochloric acid, and 25 mi, caesium-lanthanum 
solution, and dilute to 250 mi, with water: 

Standard 
No. 

Secondary 
stock solution 

No. 

Volume of 
secondary stock 
solution added 

(mil) 

Concentration <PgM> 
Standard 

No. 
Secondary 

stock solution 
No. 

Volume of 
secondary stock 
solution added 

(mil) Cadmium Other 

TS1 - 0 0 0 
TS2 2 0,63 5 25 
TS3 2 2,5 20 100 
TS4 2 12,5 100 500 
TS5 2,5 200 1000 
TS6 5,0 400 2000 
TS7 7,5 600 3000 
TS8 10,0 800 4000 
TS9 12,5 1000 5000 

Pretreatment of samples 
Refer Section 7 - determination of calcium and magnesium. 
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Measurement of metal concentrations 

Add 5 mS, of caesium-lanthanum solution to a clean dry 50 mi standard 
volumetric flask and dilute to 50 mi. with the pretreated sample 
solution. 

Aspirate the standard and caesium-lanthanum treated sample 
solutions under the conditions stipulated for the particular 
instrument being operated (see also table below) and note the 
absorbance values obtained. Background correction should be 
applied. Calculate the concentration of each metal ion in the 
sample solution by reference to the calibration curves obtained by 
plotting concentrations of the standard solutions versus the 
corresponding absorbance readings. (For instruments equipped with 
direct concentration readout, this step will be unnecessary.) A 
correction factor of 9 should be applied to each result in order 
to allow for the addition of the caesium-lanthanum solution. 

A blank solution should be carried through the digestion and 
measurement procedures and the necessary correction applied. 

Element Wav elength (ran) Flame 

Cadmium 228,8 Air-acetylene 
Chromium 357,9 N20-acetylene 
Copper 324,7 Air-acetylene 
Lead 217,0 Air-acetylene 
Nickel 232,0 Air-acetylene 
Zinc 213,9 Air-acetylene 

Calculation 
V (B—C} Concentration of metal in sample (mg/kg, dry basis) = IQOOA 

where : V = volume of pretreated sample solution (m£) 
A = mass of sample (g) 
B = concentration of metal in sample solution (pg/i) 
C = concentration of metal in blank solution (Mg/̂ <) 
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Notes 

(1) Different amounts of sample and/or diluent may be required, 
depeivKng on the number of constituents in the sample pretreat
ment solution being determined and their concentrations. In 
this case, for greater accuracy, the quantity of nitric and 
hydrochloric acids added to the standard solutions should be 
adjusted accordingly. 

(2) The same sample solution and procedure may be used for the 
determination, if required, of cobalt, iron and manganese 
(air-acetylene flrme), in which case standard solutions 
containing these metals should also be prepared. 
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DETERMINATION OF MERCURY 

Principle 

A sample of the sludge, equivalent to 0,5 g of total solids, is 
subjected to prolonged oxidation with sulphuric acid, potassium 
persulphate and potassium permanganate, in order to convert any 
organic mercury compounds to the inorganic form. The mercury is 
then determined by a cold vapour generation/atomic absorption 
technique. 

Apparatus 

(1) Ice bath. 

(2) Water bath, thermostatically controlled. 

(3) Atomic absorption spectrophotometer; mercury hollow cathode 
lamp. 

(4) Chart recorder, with fast response (0,5 s). 

(5) Mercury vapour generation accessory (Figure 2). 

Reagents 

(1) Water: Use deionized distilled water. 

(2) Sulphuric acid: Use concentrated AR grade. 

(3) Potassium persulphate solution, 50 g/£: Dissolve 50 g potassium 
persulphate (AR grade) in water and dilute to I £ with water. 

(4) Potassium permanganate solution, 50 g/£: Dissolve 50 g 
potassium permanganate (AR grade) in water and dilute to 1 £ 
with water. 

(5) Nitric acid: Use concentrated AR grade. 

(6) Sodium chloride/hydroxylamine sulphate solution, 120 g/i/ 

120 g/i,: Dissolve 120 g sodium chloride (AR grade) and 120 g 
hydroxylamine sulphate (AR grade) in water and dilute to 1 I 

with water. 
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(7) Stannous chloride solution, 100 g/i.: Dissolve 50 g stannous 

chloride dihydrate (AR grade) in 100 mi. hydrochlciic acid 

(concentrated, AR grade) and dilute to 500 mi- with water. 

Filter if necessary. Add one piece of granulated tin (AR 

grade). 

(8) Standard stock solution: Use a standard solution of mercury 

(1 000 mg/£) for atomic absorption spectrophotometry (BDH 

Spectrosol* or equivalent). 

Preparation of standard solution 

Transfer, by graduated pipette, 2,5 mi, of the standard stock 

solution of mercury to a I i standard volumetric flask, add 10 mi. 

nitric acid and dilute to 1 i. with water. This solution contains 

2,5 mg/i Hg. 

Pretreatment of samples and standard solution 

Weigh accurately into a 250 mi. Erlenmeyer flask an amount of the 

sludge sample equal to a mass of approximately 0,5 g of the sludge 

dried at 105 °C . Transfer, by graduated pipette, 0,0, 0,2, 0,4, 

0,6 and 0,8 mi portions of the standard solution into a series of 

250 mi, Erlenmeyer flasks. 

Place the flasks i: an í-e bath and add to each flask 10 mi. of 

50 g/i, potassium persulphate solution. Add slowly and carefully, 

with swirling, 10 mi. of sulphuric acid, stopper the flasks lightly, 

and leave in the ice bath for approximately 1 h . 

Transfer the stoppered flasks to a water bath and heat at 60 °C for 

4 to 5 h , with occasional shaking. Remove the flasks from the 

water bath and allow to stand overnight at room temperature. 

Slowly add 15 mi. of 50 g/i. potassium permanganate solution and 

replace the stopper. (If the permanganate colour disappears, add 

further 5 mi aliquots of 50 g/i. potassium permanganate solution 

'•'•'Mention of trade names is for information purposes only and does not 
imply endorsement, by the National Institute for Water Research. 
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until the colour remains.) i.llow to stand overnight at room 
temperature .Add 1 m£ of nitric acid and 6 mi. of 120 g/£ sodium 
chloride, 120 g/l hydroxylamine sulphate solution and mix by 
swirling. Allow to stand for at least 5 min until the solution has 
decolorized (addition of more sodium chloride-hydroxylamine sulphate 
solution may be necessary). 

Quantitatively transfer the solution to a 250 n£ graduated cylinder 
and dilute with water to 150 m£ . Return the solution to the 
250 ml Erlenmeyei flask and restopper. 

Measurement of mercury concentration 

Set the operating parameters of the atomic absorption spectrophoto
meter and connected chart recorder according to the manufacturers' 
instructions (wavelength: 253,7 nm) and connect the mercury vapour 
generation accessory to the instrument. Transfer, by graduated 
cylinder, 50 mi- (or if necessary, a smaller aliquot diluted tc 
50 mi, in which case the appropriate allowance should be made in 
the calculation) of the pretreated sample or standard solution to 
the reaction vessel of the accessory, and add 3 mi of 100 g/Z 

stannous chloride solution. Immediately insert the bung assembly 
in the reaction vessel and stir the solution vigorously with the 
magnetic stirrer for 90 s . Siiriltaneously turn off the stirrer 
and turn on the air supply to the vessel. Record the absorbance 
obtained as peak height on the chart recorder. (Possible interfe
rence may occur due to the presence of volatile organic compounds 
which absorb at the same wavelength. These may be removed by 
bubbling air through the solution for 5 min prior to the addition 
of the nitric acid and sodium chloride-hydroxylamine sulphate 
solution.) 

Determine the mass of mercury in each sample by reference to the 
calibration curve obtained by plotting the mass of mercury contained 
in each standard solution aliquot (0,0, 0,5, 1,0, 1,5 and 2,0 ug 
respectively) versus the corresponding peak height. 



Calculation 

Concentration of mercury in sample (mg/kgHg, dry basis) 

where : A = mass of sample (g) 
B = mass of mercury in the sample (ygHg) 
T = total residue (%) 

Note 

Cleanliness of glassware is essential in mercury determinations. 
If possible, glassware should be reserved solely for mercury 
determinations and all residual mercury from previous determinations 
should be removed. 

All glassware should be cleaned by filling with a solution of 
10 m£/£ sulphuric acid and 0,5 mg/i. potassium p-.rmanganate in water 
and leaving overnight, after which it should be rinsed thoroughly 
with 500 mi/l hydrochloric acid solution and then with water. 
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10. DETERMINATION OF ARSENIC 

Principle 

A sample of the sludge, equivalent to 0,5 g of total solids, is 
subjected to oxidation with sulphuric acid and potassium persulphate, 
in order to convert any organic arsenic compounds to the inorganic 
form. The arsenic is then determined by a hydride generation/atomic 
absorption technique. 

Apparatus 

(1) Water bath, thermostatically controlled. 

(2) Atomic absorption spectrophotometer, equipped with background 
correction facilities; arsenic hollow cathode lamp. 

(3) Chart recorder, with fast response (0,5 s). 

(4) Hydride generation accessory (Figure 3 - Varian-Techtron 
Ltd: Vapor Generation Accessory"- or equivalent). 

Reagents 

(1) Water: Use deionized distilled water. 

(2) Sulphuric acid: Use concentrated AR grade. 

(3) Potassium persulphate solution, 50 g/£: Dissolve 50 g potassium 
persulphate (AR grade) in water and dilute to 1 1 with water. 

(4) Hydrochloric acid solution, 500 mi/I : Add 500 ml hydrochloric 
acid (concentrated, AR grade) slowly and carefully to 500 mi. 
water. 

(5) Potassium iodide solution, 200 g/£: Dissolve -;00 g potassium 
iodide (AR grade) in water and dilute to 1 I with water. 

(6) Sodium borohydride pellets, 98 %: Use °'32" pellet, made by 
Alfa Division, Ventron Corporation, Danvers, Massachusetts, 
USA- (available from various SA suppliers). 

(7) Standard stock solutions: Use a standard solution of arsenic 
(1 000 mg/2.) for atomic absorption spectrophotometry (BDH 
' Spectrosol'-•' or equivalent). 

'•'Mention of trade names is for information purposes only and does not 
imp 1y endorsement by the National Institute for Water Research. 



Screw cop 

Pellet dispenser 

Stopper 
assembly 

Reaction 
vessel 

Push-button 
drain 

Stirrer 
on/off 
switch 

Inert gas flow 
indicator 

Figure 3. Vapour generation accessory - arsenic 

(Reproduced by permission of Varion-Techtron Ltd., Springvale, Australia, 
through their agents, SMM Instruments (Pty) Ltd., Johannesburg) 

3 5 



Preparation of standard solution 

Transfer, by pipette, 10 mi. of the standard stock solution of 
arsenic to a 1 I standard volumetric flask, add 10 mi, nitric acid 
and dilute to 1 I with water. This solution contains 10 mg/i, As. 

Pretreatment of samples and standard solution 

Weigh accurately into a 250 ml Erlenmeyer flask an amount of the 
sludge sample equal to a mass of approximately 0,5 g of the sludge 
dried at 105 °C . Transfer, by graduated pipette, 0,0, 0,1, 0,3 
and 0,5 ml portions of the standard solution into a series of 
250 mi Erlenmeyer flasks. 

Add to each flask 10 ml of 50 g/i potassium persulphate solution, 
followed by (slowly and carefully, with swirling) 10 ml of sulphuric 
acid. Stopper the flasks lightly and allow to stand at room 
temperature for approximately 1 h . 

Transfer the stoppered flasks to a water bath and heat at 95 °C 
for 2 h , with occasional shaking. Remove the flask from the water 
bath and allow to stand overnight at room temperature. 

Add 25 ml of water to each of the sample solution:;, mix by swirling, 
and f;lter through a Whatman No. 42 paper into a 100 ml standard 
volumetric flask and dilute to 100 mi with water. Transfer each of 
the standard solutions quantitatively to a 100 ml standard volumetric 
flask and dilute to 100 mi. with water. 

Measurement of arsenic concentration 

Transfer, by pipette, 10 mi (or, if necessary, a smaller aliquot 
diluted to 10 n?i, in which case the appropriate allowance should be 
made in the calculation) of the pretreated sample or standard 
solution tD a 50 mi beaker and add 10 mi of 500 ml/1 hydrochloric 
acid solution. Add 1 mi of 200 g/£ potassium iodide solution. 
Reduction will be complete in about 50 nun at room temperature. 



Alternatively, heat the solution to 50 °C for about 4 min and cool 
to room temperature. 

Set the operating parameters of the instrument and a connected 
chart recorder according to the manufacturers' instructions (wave
length: 193,7 nm) and connect the vapour generation accessory to 
the instrument. Set the nitrogen supply regulator to 140 kPa. 
Turn the inert gas control of the accessory to NORMAL. Remove the 
stopper assembly from the reaction vessel of the accessory. Remove 
the rap from the pellet dispenser and, using tweezers, load the 
dispenser with sodium borohydride pellets. Replace the dispenser 
cap and stopper assembly. Set the acetylene and air flows to give 
a fuel-rich air-acetylene mixture. Raise the quarts tube clear of 
the burner, ignite the flame, and lower the tube back to its normal 
position. Adjust the fuel flow so that the flame has a primary 
zone (blue cone) between 2 and 3 mm high. 

Ensure that the stirrer is OFF and remove the stopper assembly from 
the reaction vessel. Us'ng the funnel supplied, transfer the 
contents of the beaker containing the reduced sample or standard 
solution to the reaction vessel. Replace the stopper assembly and 
switch the stirrer ON. Wait about 25 s to ensure that all the air 
has been flushed from the system, then turn the dispenser knob 
through 180 ° and pause briefly to allow a pellet to drop into the 
solution. Check thar a flame is burning quietly at both ends of 
the quartz tube, indicating the start of the hydride reaction, then 
turn the dispenser knob back to the closed position. Wait until 
the reaction is complete, then, with the stirrer still ON, press 
the drain button on the reaction vessel and keep it pressed until 
all the solution has been drained from the vessel. Rinse the 
reaction vessel with water. Turn the stirrer OFF. Record the 
absorbance obtained as peak height on the chart recorder. 

Determine the mass of arsenic in each sample by reference to the 
calibration curve obtained by plotting the mass of arsenic con
tained in each standard s<~'̂ ution aliquot (0, I, 3, and 5 ;jg respec
tively) versus the corresponding peak height. 
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Calculation 

Concentration of arsenic in sample (mg/kgAs, dry basis) 

where : A = mass of sample (g) 
B = mass of arsenic in the sample (ugAs) 
T = total residue (%) 

Notes 

(1) For most determinations, satisfactory results can be obtained 
by measurement of peak heights. In some cases, however, the 
sample matrix may be such that the peaks obtained may 'tail-off 
considerably, or multiple peaks may be produced due to delayed 
reactions. Under these circumstances, line, rity of the 
calibration curve, as well as reproducibility and accuracy of 
the results, may be significantly improved by using peak area 
measurements. 

(2) It is recommended that, if possible, background correction be 
employed for all determinations. 
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