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Foreword 

ISO (the international Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bodies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 8288 was prepared by Technical Committee ISO/TC 147, 
Wa ter quality. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

0 International Organkation for Standardization, 1986 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 82884986 (E) 

Water quality - etermination of Cobalt, nickel, topper, 
zinc, Cadmium and lea - Flame atomic absorption 
spectrometric methods 

1 Scope 

This International Standard specifies three methods for the 
determination of Cobalt, nickel, topper, zinc, Cadmium and 
lead in water by flame atomic absorption spectrometry : 

Section one: method A, for direct determination by flame 
atomic absorption spectrometry; 

Section two : method B, for determination by flame atomic 
absorption spectrometry after chelation (APDC) and extrac- 
tion (MIBK) ; 

Section three: method C, for determination by flame 
atomic absorption spectrometry after chelation (HMA- 
HMDC) and extraction ( DIPK-xylene). 

If the concentrations are greater than the upper limits indicated 
in the tablc, the Sample may be diluted before analysis. 

2.2 Methods B and C are applicable when concentrations of 
elements to be analysed in the Sample (or dilution of the 
Sample) are greater than 0,5 pg/l. 

2.2.1 Method B 

The concentrations of the elements which tan be determined 
by method B may vary according to the characteristics of the 
atomic absorption spectrometer used but are generally in the 
ranges indicated in table 2. 

Table 2 

2 Field sf application I 
Element to be determined 

f 

Range of determination 
(pg/l) I 

2.1 Method A is particularly applicable when concentrations 
of elements to be analysed are relatively high and when there 
are no interferences. 

When the samples are of a complex or unknown nature or 
when they contain high concentrations of dissolved solids 
(brines or brackish waters) method A is not applicable and 
either method B or C should be selected. 

The concentrations of elements which tan be determined by 
method A may vary according to the characteristics of the 
atomic absorption spectrometric apparatus used but are 
generally in the ranges indicated in table 1. 

Table 1 

Cobalt 
Nickel 

Copper 

Zinc 

Cadmium 

Lead 

1 to200 

1 to 200 

1 to 200 

0,5 to 50 
0,5 to 50 

5 to 200 

2.2.2 Method C 

With a ratio of test Portion to extraction Solution of 20 to 1 by 
volume as indicated in 21.2, the concentrations of elements 
which tan be determined by method C vary as indicated in 
table 3. 

Table 3 

I Element to be determined 
Range of determination 

(mg/11 I I Element to be determined 
I 

Range of determination 
Q.lg/l) I 

Cobalt 

Nickel 

Copper 
Zinc 

Cadmium 

Lead 

0,l to 10 

0,l to 10 

0,05 to 6 

0,05 to 2 

0,02 to 2 

0,2 to 10 

Cobalt 

Nickel 

Copper 

Zinc 

Cadmium 

Lead 

0,5 to 100 

0,5 to 100 

0,5 to 100 

0,2 to 50 

0,2 to 50 

2 to 200 
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ISO 82884986 (E) 

Lower concentrations may be determined by choosing a higher 
ratio of test Portion to extraction Solution. A ratio of 50 to 1 by 
volume is possible since the organic solvent mixture is only very 
slightly soluble in water. 

NOTES 

1 When determining total metals, it is necessary to pretreat the 
Sample before analysis (sec examples of procedures in annex A). 

With method C, Separation of the aqueous and the organic 
phases is faster. The metal chelates, especially the Cd-chelate, 

2 Methods B and C are not applicable when the Chemical Oxygen 
demand (COD) of the samples (or diluted samples) is greater than 

are more stable in the organic solvent mixture. 500 mg/l. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 82

88
:19

86

https://standardsiso.com/api/?name=34d951e95ceebd2b74021ec830451c73


ISO 8288-1986 (E) 

Section one: ethod A - irect determination by Harne atomic 
sorption spectrometry 

3 Principie 

Aspiration into the flame of an atomic absorption spectrometer 
of a test Portion of the acidified filtrate of the Sample (or diluted 
Sample). 

Direct determination of the concentration sf each element, 
either Brom the specific absorbance sf each element using a 
spectrometer fitted with a continuous background correction 
System, or, in the absence sf such a System, after having car- 
ried out a correction for a non-specific absorbance. 

4 Reagents 

All reagents shall be of recognized analytical grade so that their 
use does not affect the accuracy of the determination. The 
water used shall be deionized water or distilled water contain- 
ing no detectable concentration of the metals being determined 
when analysed by a blank test. 

4.1 Nitrit acid, Q = 1,4 g/ml. 

4.2 Nitrit acid, c( HNO,) = l,5 mol/l. 

Add 100 ml of nitric acid (4.1) to 600 ml of water and dilute to 
1 000 ml. 

4.3 Nitrit acid, c(HNO$ = 0,03 mol/l. 

Add 1 ml of nitric acid (4.1) to 400 ml of water and dilute to 
500 ml with water. 

4.4 Metals, Standard solutions corresponding t-o 1,000 g of 
metal per litre? 

For each element to be determined, weigh 1,000 g of pure 
metal and dissolve it in nitric acid (4.1), heating to effect com- 
plete dissolution. Allow to cool and transfer each Solution 
quantitatively to a 1 000 ml one-mark volumetric flask, dilute to 
the mark with water and mix. 

For preparing Standard solutions, it is also permissible to use 
metal salts of accurately known composition. 

Store each of the Standard solutions in either polyethylene or 
borosilicate glass Containers. 

1 ml of each of these Standard solutions contains 1,00 mg of 
the respective metal. 

5 Apparatus 

Usual laboratory equipment, and 

Atomic absorption spectrometer, fitted with hollow 
cathode lamps for the appropriate metals or electrodeless 

1) Standard solutions are commercially available. 

discharge lamps, and with a suitable device for allowing for the 
correction of the non-specific absorbance and with a nebulizer- 
burner with an acetylene-air flame. 

Follow the manufactu 
/ ment Parameters. 

rer’s instructions for adjusting all instru- 

NOTE ON CLEANING OF GLASSWARE 

All the glassware shall 
then rinsed with water. 

be carefully soaked in nitric acid (4.2) 

6 Sampling and samples 

6.1 Polyethylene or borosilicate glass Containers which have 
been previously cleaned with nitric acid (4.2) then rinsed with 
water, shall be used for sampling. 

6.2 lf total metals are to be determined, samples shall be 
treated by the addition of nitric acid (4.1) immediately after 
collection in Order to obtain a pH between 1 and 2 (usually 2 ml 
of acid per litre of Sample is sufficient). Note the amount of acid 
added and use the same volume in the preparation of the 
blank (7.2). 

If only dissolved metals are to be determined, filter the Sample 
as soon as possible after collection through a membrane filter 
of nominal pore diameter 0,45 Pm and acidify the filtrate im- 
mediately with nitric acid (4.1) in Order to obtain a pH between 
1 and 2. 

Before use, filters shall be tho 
(4.2) and rinsed with water. 

lroug hly washed with nitric acid 

7 Procedure 

7.1 Test Portion 

Lento a 100 ml one-mark votumetric flask, place a test Portion of 
the acidified Sample (6.2) such that it contains 0,2 to 1 mg of 
metar (sec table 1 for the upper limits corresponding to each 
element). Make up to the mark with water. 

7.2 Blank test 

Carry out a blank test in parallel with the determination, by the 
same procedure, using the same quantities of all the reagents 
as in the sampling and determination, but replacing the test 
Portion by water. 

3 
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ISO 82884986 (ET) 

7.3 Preparation of the sets of calibration 
solutions 

Before each batch of determinations, prepare from each of the 
Standard solutions (4.4) at least four calibration solutions cover- 
ing, for each element, the range of the concentrations to be 
determined. 

Prepare these calibration solutions by diluting Standard 
solutions (4.4) with nitric acid (4.3). 

7.4 Calibration and determination 

Proceed as follows for each metal being determined. Before 
carrying out the spectrometric measurements, set up the spec- 
trometer according to the manufacturer’s instructions by 
aspirating a calibration Solution (7.3) of the particular metal 
being determined and using the information in table 4. Op- 
timize the aspiration and flame conditions (aspiration rate, 
nature of the flame, Position of the Optical beam in the flame). 
Adjust the response of the instrument to zero absorbance with 
water. 

Table 4 

I Element 
to be determined 

Cobalt 

Nickel 

Copper 
Zinc 

Cadmium 

Lead 

Wavelength 
(nm) I 

Flame 

240,7 
232,0 

324,7 

213,8 
228,8 

Acetylene-air 

Oxidizing acetylene-air 

Oxidizing acetylene-air 
Acetylene-air 

Acetylene-air 

-t 
283,3 
217,O I 

Acetylene-air 

For each metal being determined, aspirate the set of calibration 
solutions (7.3) and, as zero member, the blank Solution (7.2). 
Plot a graph having the metal contents, in milligrams per litre, 
of the calibration solutions as abscissae and the corresponding 
values of absorbance as ordinates. lt is advisable that the 
caiibration graph be checked, for example by measuring the ab- 
sorbance of a calibration Solution every 5 samples. 

Aspirate the test Portion (7.7) into the flame of the burner. 

Measure the absorbance of the metal being determined and 
after each measurement aspirate the nitric acid (4.3) in Order to 
rinse the nebulizer System. 

NOTE ON CORRECTION FOR NON-SPECIFIC ABSORPTION 

If the spectrometer used is not fitted with a background correction 
System which supplies automatically a Signal corresponding to the 
specific absorbance A of the metal to be determined, it is necessary to 
measure the non-specific absorbance AO. To do this, proceed as 
follows. 

Choose a spectral line in the proximity of that of the metal to be deter- 
mined in Order to ensure that the differente between the wavelengths 
of the two spectral lines does not exceed 1 nm. 

Use a spectral line of the gas contained in a hollow cathode lamp 
(argen or neon), or a spectralline emitted by a zirconium or deuterium 
hollow cathode lamp (sec table 5). 

Measure the absorbance AO corresponding to this spectral line by re- 
aspirating the test portion. 

Calculate the specific absorbance 

A = A, - Ao 

where Al is the total absorbance at the wavelength of analysis. 

The flame conditions and the energy assigned to the lamps shall 
remain unchanged throughout the measurements of the absorbances 
/Ij and AO. 

Table 5 

Element 

Cobalt 

Nickel 

Copper 

Zinc 

Cadmiua 

Lead 

Al measurement 
wavelength 

(nm) 

240,72 

232,00 

324,75 

213,86 

228,80 

283,30 

AO measurement 
wavelength 

(nm) 

241 (D) 

232 (D) 

325 (Zr) 

214 (D) 

229 (D) 

283,7 (Zr) 

7.5 Check test 

Carry out check tests in Order to reveal any matrix effect. To do 
this, use the method of Standard additions. 

If a matrix effect is found to be present, the method is not ap- 
plicable : recommence the determination using either method B 
or method C or use the results obtained by the method of stan- 
dard additions. 

8 Expression of results 

By reference to the calibration graph, determine, for each 
metal, the concentrations corresponding to the absorbances of 
the test Portion (7.4) and of the blank (7.2). 

For each metal being determined, the concentration, expressed 
in milligrams per litre, of the Sample is given by the formula : 

100 
(et - @b) x I/ 

where 

et is the metal concentration, in milligrams per iitre, cor- 
responding to the absorbance of the test Portion; 

@b is the metal concentration, in milligrams per litre, cor- 
responding to the absorbance of the blank; 

V is the volume, in millilitres, of the acidified Sample taken 
for the analysis (see 7.1). 

9 Test report 

The test report shall contain the following information : 

- a reference to this International Standard; 

- a reference to the method used; 

- complete identification of the Sample ; 

- the results of the determinations; 

- any details not specified in this International Standard 
or which are optional, as weil as any-factor which may have 
affected the results. 

4 
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ISO 8288-1986 (E9 

Seetion tw : Method B - Determination by flame atomic absorption 
spectrometry after ehelation (APDC) and extraction (MIBK) 

10 Principle 

Formation of a complex between the metais being determined 
and ammonium 1 -pyrrolidinedithiocarbamate (APDC) and ex- 
traction at pH 2,5 with methyl-isobutylketone (MIBK). 

Determination of the metals in this organic Phase by fiame 
atomic absorption spectrometry. 

11 Reagents 

See clause 4. 

11 .‘I Mitric acid, Q = 1,4 g/ml. 

11.2 Podium hydroxide, c(NaOH) = 2,5 mol/l. 

With care, dissolve 100 g of sodium hydroxide in water and 
dilute to 1 litre. 

11.3 Hydrochioric acid, c(HCI) = 0,3 mol/l. 

With care, mix 25 ml of concentrated hydrochloric acid 
(@ = 1,19 g/ml) with water and dilute to 1 Iitre. 

11.4 Methyl-isobutylketone (MIBK)? 

11.5 Ammonium 1-pyrrolidinedithiocarbamate 
(APDC)*j, 20 g/l Solution. 

Dissolve 2,0 g of APDC in water. Make up the volume to 
100 ml with water and mix. Filter the Solution if a precipitate is 
present. If the Solution is coloured, purify it by repeated extrac- 
tion with MIBK (11.4) until the solution is colourless. 

Prepare this Solution freshly for each batch of samples. 

11.6 Bromophenol blue, indicator Solution, 1 g of 
bromophenol blue per litre of 50 % (V/ V) ethanol Solution. 

11.7 Metals, Standard solutions, corresponding to 1,000 g 
of metal per litre. See 4.4. 

12 Apparatus 

See clause 5. 

1) 4-Methyl-2-penta none. 

2) Ammonium-pyrrolidinocarbodithioate. 

13 Sampling and samples 

See clause 6. 

14 Procedure 

14.1 Test Portion 

Place in a 100 ml one-mark volumetric flask a test Portion of the 
acidified Sample (see clause 6) containing 5 to 20 pg of the 
metal being determined (see table 2 for the upper limits cor- 
responding to each element). Make up to the mark with water. 

14.2 Chelation and extraction 

Place the test Portion (14.1) and 100 ml of each of the cali- 
bration solutions (14.4) into a series of 250 ml separating 
funnels fitted with polytetrafluoroethylene (PTFE) taps. 

Add to each funne12 to 3 drops of bromophenol blue indicator 
(11.6) and sodium hydroxide (11 92) until a blue colour persists. 

While stirring, add dropwise hydrochloric acid (11.3) until the 
blue colour just disappears. Then add 2 ml of hydrochloric acid 
(11.3) in excess. The pH value shall then be 2,3 to 2,5. (See 
note 1.) 

Add 5 rnt of APDC (11.51, mix then add 10,O ml of MIBK (11.4). 
Shake vigorously for 2 min. The pH shall be approxi- 
mately 2,8. 

Allow the mixture to settle for at least 1 h away from light or 
heat in the stoppered funnel. The settling time shall be strictly 
the same for all the solutions. Collect the organic layer taking 
care to avoid any trace of the aqueous Phase (centrifuge if 
necessary). (See note 2.) 

NOTES 

A pH meter may be used in place of the indicator. 

2 The settling period may be prolonged without disadvantage if it 
takes place in the dark at a temperature of about 5 OC. In this case it 
may not be necessary to centrifuge the organic Phase. 

14.3 Blank test 

Carry out a blank test in parallel with the determination, by the 
same procedure (14.2), using the same quantities of all the 
reagents as in the sampling and chelation and extraction, but 
replacing the test Portion by water. 
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ISO 8288-1986 (E) 

14.4 Preparation of the sets of calibration 
solutions 

Dilute with watet-l) immediately before use, each of the stan- 
dard solutions (4.4) corresponding to the elements to be deter- 
mined, in Order to obtain diluted solutions containing 10 mg of 
element per litre. 

In a 500 ml one-mark volumetric flask, place 

- 
con 

5 ml of each of the zinc and Cadmium 
tain 1 0 mg/1 of the respective metal ; 

solutions that 

- 20 ml of each of the topper, Cobalt, nicke1 and 
solutions that contain 10 mg/l of the respective metal 

- 0,5 ml of nitric acid (11.1). 

Make up to the mark with watet-. This is Solution S. Prepare at 
least four calibration solutions by diluting solution S with water 
so as to cover the following ranges of concentrations: 

Zn, Cd = 0 to 50 pg/l 

Cu, Co, Ni, Pb = 0 to 200 pg/l 

Acidify each calibration Solution by adding the same nitric acid 
(11 .l 1 which has been added to preserve the samples (sec 6.2). 
The volume added shall be such that the concentrations of 
nitric acid are the same in the Sample and in the calibration 
solutions. 

14.5 Calibration and determination 

Proceed as follows for each metal being determined. Before 
carrying out the spectrometric measurements, set up the spec- 
trometer according to the manufacturer’s instructions by 
aspirating the organic extract (14.2) of a calibration Solution of 
the metal being determined and using information in table 4. 
Optimize the aspiration and flame conditions as before (7.4). 
Adjust the response of the instrument to zero absorbance with 
MIBK (11.4). 

For each metal being determined, aspirate the set of organic 
extracts of the calibration solutions. Plot a graph having the 
metal contents, in micrograms per Jitre, of the calibration 
solutions as abscissae and the corresponding values of absorb- 
ante as ordinates. lt is advisable that the calibration graph be 
checked, for example by measuring the absorbance of a 
calibration Solution every 5 samples. 

Aspirate the organic extract of the test Portion. 

Measure the absorbance of the metal being determined and 
after each measurement aspirate MIBK in Order to rinse the 
nebulizer System. 

For correction of non-specific absorption see the note to 7.4. 

NOTE - It is vety important to protect the organic solutions from heat 
and light because the complexes of Cobalt, topper, zinc and especialiy 
Cadmium are unstable in MlBK. Cadmium must be measured im- 
mediately. The other metals tan be stored for a few hours. 

1) When determining metals in sea Vater or other waters containing a high concentration 
the blank solution with a water of the same content of Na Cl as the water being analysed. 

15 Expression sf resuits 

15.1 Calculation 

By reference to the calibration graph, determine, for each 
metal, the concentrations corresponding to the absorbances of 
the test Portion and of the blank. 

For each metal being determined, the concentration, expressed 
in micrograms per litre, of the Sample is given by the formuia : 

(et - @b) x 100 
V 

where 

et is the metal concentration, in micrograms per litre, cor- 
responding to the absorbance of the test Portion; 

@b is the metal concentration, in micrograms per litre, cor- 
responding to the absorbance of the blank; 

V is the volume, in millilitres, of the acidified Sample taken 
for the analysis (sec 14.1). 

15.2 Precision 

An international interlaboratory trial was organized in 1981 in 
Order to compare the repeatability and reproducibility of the 
two methods with extraction (methods B and C). 

The composition of the two samples analysed was as given in 
table 6. 

Table 6 

Sample L (low level) 
(pg/l) I 

Sample H (high Ievel) 
(pg/I) I 

Lead 20 100 

Cadmium 4 30 

Copper 6 40 

Cobalt 5 120 

Nickel 10 100 

The statistical analysis of results according to ISO 5725 is given 
in table 7. 

15.3 Interferences 

Other substances when present at 
5 mg/ I do not normally interfere. 

16 Test report 

See clause 9. 

concentrations of less than 

of sodium chloride, prepa re the calibration solution and 

6 
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ISO 82884986 (El 

Table 7 

Metal 

Level 

Number of participating 
laboratories 

Number of retained 

laboratories after statistical 
elimination 

Lead Cadmium Copper Cobalt Nickel 

L H L H L H L H L H 
-- 

14 14 14 14 14 14 14 14 14 14 
-- 

14 12 11 13 32 14 13 14 14 14 

Mean (Hg/11 

Repeatability 

19,7 96 4 30,2 5,7 40,6 5J 121,3 10,7 103,2 
-.-- 

Standard deviation, or 

Coefficient of Variation 

of repeatability 

Repeatability, r ( = 253 a,) 

Weproducibility 

1,5 23 OJ 0,7 02 lt7 014 13 0,4 2,3 

i 
7,6 % 2,7 % 2,5 % 2,3 % 3,5 % 4,2 % 7,8 % 1,6 % 3,7 % 2,2 % 

4,24 7,36 0,28 1,98 0,57 4,8 1,13 5,38 1,13 6,5l 

Standard deviation, aR 

Coefficient of Variation 

of reproducibility 

Reproducibility, R ( = 2,830~) 

32 5,3 0,3 7,3 0,7 59 Ir4 7,6 Ir4 16,2 

16,2 % 5,5 % 7,5 % 4,3 % l2,3 % 14,5 % 27,5 % 6,3 % 13,i % 15,7 % 

9,05 15 0,85 3,68 1,98 l6,7 3,96 Zl,51 3,96 45,85 

7 
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ISO 82884986 (E) 

Section three: Method C - Determination by flame 
atomic absorption spectrometry after chelation (HMA-HMDC) 

and extraction (DIPK-xylene) 

17 Principle 

Formation of a complex between metals and hexamethylene- 
ammonium-hexamethylenedithiocarbamate O-QMA-HMDC) and 
extraction wirb diisopropylketone-xylene in a buffered medium 
of pH value 2 to 4. 

Determination of the metals in this organic Phase by flame 
atomic absorption specarometry. 

18 Weagents 

See clause 4. 

18.1 Nitrit acid, Q = 1,4 g/ml. 

18.2 Hexamethyteneammonium - hexamethylenedithio- 
carbamate (HMA-HMDC). l) 

To a solution of 224 mi;ofdistilled hexamethylene imine (bp 136 
to 139 OC) in 300 ml of xylene, which is cooled by an ice-bath, 
add within 30 min and with constant stirring and cooling, 60 ml 
of distilled carbon disulfide (bp 46,2 OC). 

Continue cooling and stirring for 1 h. Filter the Solution and 
collect the flocculent white precipitate; wash it three times with 
diethylether and dry between two filter Papers. 

18.3 HMA-HMDC, 6,8 g/l extraction solution. 

Dissolve, in a dry 250 ml one-mark volumetric flask, 1,7 g of 
HMA-HMDC (18.2) in 75 ml of xylene, heating gently. Make up 
po the mark with diisopropylketone*) (DIPK) (bp 124,5 OC). 

This solution is stable for a week if stored at 5 OC away from 
light. 

18.4 HM&HMDC, 55 g/l solution in methanol. 

In a dry 100 ml one-mark volumetric flask, dissolve 5,5 g sf 
HMA-HMDC (18.2) in methanol, heating gently. Cool to room 
temperature and make up to the mark with methanol. 

18.5 Formate, buffer Solution. 

Dissolve 368 g of formic acid [98 to 100 % (m/m)] and 14 g of 
citric acid monohydrate in 350 ml of water. Slowly a&j, wjth 
constant stirring and cooling, 243 g of sodium hydroxide. Add 

1) This reagent is commercially available. 

50 mg of m-cresolsulfonephthalein (metacresol purple). Purify 
this solution by two consecutive extractions with extraction 
solution (18.3), with constant stirring. 

18.6 Metals, Standard solutions, corresponding to 1,000 g 
sf metal per litre. 

Dissolve jointly 1,000 g of each metal to be determined in nitric 
acid (18.1) by heating until complete dissolution. Cool and 
make up to 1 000 ml with water. The acid concentration of this 
solution shall be approximately 0,l to 0,5 mol/l. 

When preparing the Standard solutions, it is also permissible to 
use metal salts of accurately known composition. 

18.7 Metals, organic Standard solution, corresponding to 
50 mg of metal per litre. 

In a dry 100 ml. one-mark volumetric flask, place 5 ml of 
aqueous Standard solution (18.6). Add 50 rnl of formic acid 
[98 to 100 % (mlm)] and 0,2 to 0,5 g of citric acid mono- 
hydrate. Make up to the mark with diisopropylketone. 

19 Apparatus 

The apparatus specified in clause 5, and 

Microlitre pipettes. 

Clean the plastic tips of microlitre pipettes by soaking in nitric 
acid (4.2) for several hours. Avoid temperatures above 40 OC. 
Rinse with water before use. 

20 Sampling and samples 

See clause 6. 

21 Procedure 

21.1 Test Portion 

The test Portion of the acidified Sample (see clause 6) is 
generally 400 ml. 

Other volumes which give a ratio of aqueous Phase to organic 
Phase of up to 50 to 1 by volume may be used when it is desired 
to obtain greater or smaller enrichment factors. 

2) 2,4-Dimethyl-3-pentanone. 
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ISO 82884986 (El 

21.2 Chelation and extraction organic calibration solutions I21.4.2) and using the information 
in table 4. Optimize the aspiration and flame conditions as 
before (7.4). Adjust the response of the instrument to zero 
absorbance with extraction Solution (18.3). 

Place the test portion (21 .l) in a 500 ml one-mark volumetric 
flask. Add 20 ml of formate buffer Solution (18.5). The colour 
of the indicator shall be a pure yellow. If a red colour appears, 
add an additional 20 mi of formate buffer Solution. For each metal being determined, aspirate the set of organic 

calibration solutions (21.4.2). Plot a graph having the metal 
contents, in micrograms per litre, of the organic cafibration 
solutions as abscissae and the corresponding values of absorb- 
ante as ordinates. 

Add 2,0 ml of HMA-HMDC Solution in methanol (18.41, Shake 
and allow to stand for 3 to 5 min. 

Add 20,O ml of extraction Solution (18.3) and Shake the flask 
vigorousiy for at least 3 min. Aspirate the organic extract of the test Portion (21.21. 

AIlow the mixture to settle for 10 to 15 min in Order to obtain a 
good Separation of the layers. Then carefully add water until 
the organic layer is completely in the neck sf the flask. 

Measure the absorbance of the metal to be determined. After 
each measurement rinse the nebuiizer System by aspirating 
with methanol to avoid clogging. 

Aspiration of the orga nie layer for the determina 
be done directly from the neck of the flask. 

tion (21.51 may If necessary, correct for non-specific absorption (see the note 
to 7.4). 

If the organic iayer has to be kept for a longer time, pipette it 
off, taking care to avoid any trace of the aqueous Phase, and 
store in a cool dark place. 22 Expression of results 

21.3 Blank test 22.1 Calculation 

Carry out a blank test in parallel with the determination, by the 
same procedure (21.2}, using the same quantities of all the 
reagents as in the sampling and chelation and extraction, but 
replacing the test Portion by nitric acid (4.3). 

By reference to the calibration graph, determine, for each 
metal, the concentrations corresponding to the absorbances of 
the test Portion and of the blank. 

For each metal being determined, the concentration, expressed 
in micrograms per lit re, of the Sample is given by the formula: 21.4 Preparation of the sets of calibration 

solutions 

(et - 
20 

@b) x v 
21.4.1 Aqueous solutions 

where 
Before each -batch of determinations, prepare at least four 
aqueous calibration solutions covering the range of the concen- 
trations to be determined. Prepare these calibration solutions 
by diluting the aqueous Standard Solution (18.6) with nitric 
acid (4.3). 

Qt is the metal concentration, in micrograms per litre, cor- 
responding to the absorbance of the test Portion; 

@b is the metal concentration, in micrograms per iitre, cor- 
responding to the absorbance of the blank; 

V’ is the volume, in millilitres, of the acidified Sample taken 
for the analysis tsee 21.1). 

NOTE - These sets of aqueous solutions are used for verification of 
completeness of extraction. Laboratories which are not familiar with 
extraction are advised to check complete extraction following the pro- 
cedure described in annex B. 22.2 Repeatability and reproducibility 

21.4.2 Organic solutions An international interlaboratory trial was organized in 1981 in 
Order to compare the repeatability and reproducibility of the 
two methods with extractions (methods Es and Cf. Immediately Prior to use, prepare at Jeast four organic cali- 

bration so(utions covering the range of the concentrations to be 
determined. The compositions of the two samples analysed were as given in 

table 6. 
Prepare these calibration solutions by diluting the organic stan- 
dard Solution (18.7) with extraction Solution (18.3) using dry 
25 ml one-mark volumetric flasks and microlitre pipettes 
(clause 19). 

The statistical analysis of resutts according to ISO 5725 is given 
in table 8. 

22.3 Interferences 
21.5 Calibration and determination 

A total concentration of heavy metals, iron included, up to 
20 mg/1 is toJerabJe. If the total concentration of heavy metals 
exceeds 20 mg/{, a ratb of test Portion to extraction Solution 
smailer than 20 to 1 by volume shaH be taken. 

Proceed as follows for each metai. Before carrying out the 
spectrometric measurements, set up the spectrometer accord- 
ing to the manufacturer’s instructions by aspirating one of the 

9 
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EO 8288-1986 (E) 

Metal Lead Cadmium Copper Cobalt Nickel 

Level L H L ld L H L H L H 

Number of participating 
laboratories 16 16 16 16 16 16 15 16 15 16 

-Mumber of retained 

laboratories after statistical 14 14 13 13 15 16 14 14 11 14 
elimination 

Mean Ipg/l) 20,3 97,7 4 29,8 6,4 41 518 115,8 IO,9 100,2 

Wepeatability 

Standard deviation, C+ 1,M 33 02 03 t5 3,3 05 33 ‘13 4,7 

Coefficient of Variation 
of repeatability 

Standard deviation, aR 

Coefficient of Variation 
of reproducibility 

Reproducibility, R ( = 233~) 7,9 9,62 IJ3 7‘64 3,ll 13,6 3,4 23,21 11,3 383 

The tolerable concentration of nitriloacetic acid is 250 mg/l. 
Ethylenediaminetetraacetic acid (EDTA) inter-feres in the extrac- 
tion of nickel; concentration of 25 mg/l of ethylenediamine- 
tetraacetic acid disodium salt dihydrate (C10H14N208Na2~2H20) 
is tolerable in the extraction of the five other metals. 

heavy metals from the filtrate as hexamethylene dithiocar- 
bamates with diisopropylketone-xylene tan be performed with 
complete recovery. 

Humic acid contained in neutral water samples precipitates 
upon acidif ication. This precipitate should be removed by 
filtration; it does not retain heavy metals. Extraction of the 

23 Test report 

See clause 9. 

10 
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