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SYNOPSIS 

This study forms part of the NIWR's series of interlaboratory comparison 
studies involving southern African laboratories engaged in water and waste
water analysis, and is concerned with the analysis by 21 laboratories of a 
standard reference sample of river sediment for arsenic, cadmium, cobalt, 
ccpper, lead, manganese, mercury, nickel and zinc. The results obtained 
are evaluated and discussed, along with some of the advantages and dis
advantages of various sample pretreatment techniques. 

The mean values of the results obtained for Cu, 3g, nb, Ni and Zn were found 
to be in good agreement with the certified values for the standard reference 
sample, but those for Cd and Mn were considerably lower than the corresponding 
certified values. 

A fairly wide range of acid extraction or digestion procedures for pretreat
ment of the sample was used by the participating laboratories, most of whom 
employed direct flame atomic absorption spectrophotometry for the measurement 
of Cd, Co, Cu, Pb, Mn, Ni, and Zn. The few laboratories who determined As 
and Bg did so mainly by means of vapour generation/atomic absorption techniques. 

SAMEVATTING 

Hierdie studie maak deel uit van die reeks interlaboratoriumvergelykingstudies 
vir laboratories in suidelike Afrika gemoeid met water- en afvalwateront-
leding, wat deur die NIWN georganiseer is. Dit behels die ontleding van "n 
standaardverwysingsmonster van rivierafsaksel vir arseen, kadmium, kobalt, 
koper, lood, mangaan, kwik, nikkel an sink deur 21 laboratoriums. Die 
resultate en sommige van die voor- en nadele van verskillende monstervoor-
bereidir.gstegnieke, word geêvalueer en bespreek. 

Die gemiddelde waardes van die resultate vir Cu, Hg, Pb, Ni en Zn net goed 
ooreengestem met die erkende waardes vir die standaardverwyoingsmonster, 
maar die vir Cd en Mn was aansienlik laer as die ooreenstemmende erkende 
waardes. 

Die deelnemende laboratoriums het *n redelike verskeidenheid suurekstraksie-
of verteringstegnieke vir vocrbehandeling van die monster gebruik. Die 
meerderheid het direkte vlamatoomabsorpsiespektrofotometrie gebruik om Cd, 
Cu, Pb, Mn, Ni, en Zn te bepaal. Die enkele laboratoriums wat As en Hg 
bepaal het, het van hcofsaaklik dampgenerasie-/atoomabsorpsietegnieke ge
bruik gemaak. 
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1. INTRODUCTION 

Study nc. 83/A, the first in the NIWR's third programme of inter-
laboratory comparison studies involving southern African laboratories 
engaged in water and wastewater analysis, is concerned with zhe deter
mination of certain trace metals, namely arsenic, cadmium, cobalt, copper, 
lead, manganese, mercury, nickel and zinc, in a standard reference 
sample of river sediment. The results of the study, in which the 21 
laboratories listed in Appendix 1 participated, are summarized and 
evaluated in this report. 

2. SAMPLE PREPARATION 
A 70 g sample of the US National Bureau of Standards (NBS) Standard 
Reference Material 1645 (River Sediment) was obtained from the office 
of Reference Materials of the UK National Physical Laboratory. The 
sample had been prepared from material dredged from the bottom of the 
Indiana Harbour Canal near Gary, Indiana, USA, by first screening to 
remove foreign objects, then freeze-drying and sieving to pass a 
no. 80 (180 ym) screen. It was then thoroughly -nixed in a 'V-blender' 
and radiation-sterilized to minimize alteration from biological 
activity. Certified values for cadmium, copper, lead, manganese, 
mercury, nickel and zinc (Table 1), based on the results of 6 to 30 
determinations on a dried sample of at least 100 mg by means of one or 
more of the following techniques, were provided along with the sample: 

Atomic absorption spectrophotometry. 
• Isotope dilution mass spectrometry. 

Neutron activation analysis. 
• Polarography. 

Estimated uncertainties, due to sample variation, possible method 
differences, and errors of measurement, were also given (Table 1). 
These represent the 95 % confidence limits (c.l.) for an individual 
sub-sample. 

Values were also provided for arsenic (66 mg/kg) and cobalt (8 mg/kg), 
but these were not certified because they were either not based on 
results of a reference method or were not determined by two or more 
independent methods. 

It was also indicated that the material contained approximately 3 % 
chromium, 11 % iron, 4 % magnesium oxide, 4 % calcium oxide, 4 % aluminium 
oxide, 51 % silica, 1 % potassium, and 0,5 % sodium. 

Each participating laboratory was supplied with a vial containincr 
approximately 2 g of the sample. 

j. ANALYSIS INSTRUCTIONS 
It was requested that the sample be analysed for: arsenic, cadmium, cobalt, 
copper, lead, manganese, mercury, nickel and zinc. Each laboratory was 
supplied with details of the concentration range into which each 
determinand would fall, and given complete freedom of choice with regard 
to the sample preparation procedure and analytical technique to be used. 



Laboratories carrying out the determinations by atomic absorption 
spectrophotometry were requested to supply details of flame, wavelength, 
and interference suppressant employed. A period of approximately two 
months was allowed for the analysis of the sample and submission of the 
results. The code number allocated to each laboratory was known only to 
that laboratory and the originator of the study. 

4. RESULTS 
Summaries of the results received, together with a statistical analysis 
of the results, are shown in Table 2. The results were first reviewed 
for outliers ('wild' results), using the ASTM procedure (ASTM, 1979), 
before analysing for mean, mean error, relative mean error, standard 
deviation, and coefficient of variation. The results obtained for each 
metal by each participating laboratory are compared graphically ir 
Figure 1 to 9. 

Brief summaries of the various sample pretreatment techniques used by 
each laboratory are given in Table 3 (Cd, Co, Cu, Pb, Hn, Ni, Zn), 
Table 4 (As) and Table 5 (Hg). Full details of each pretreatment method 
used, as supplied by each laboratory, are shewn in Appendix 2 (Cd, Co, 
Cu, Pb, Mn, Ni, Zn), Appendix 3 (As) and Appendix 4 (Hg). Details of 
background correction and interference suppression applied by each 
laboratory in the determination of Cd, Co, Oi, Pb, Mn, Ni and Zn are 
given in Table 6. 
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Taole 1: NBS certified values and 95 % confidence limits 

Determinand Certified value 
(mg/kg) 

95 % confidence linits 
(mg/kg) 

Cadmium 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Zinc 

10,2 

109 

714 

785 

1,1 

45,8 

1720 

8,7 - 11,7 

90 - 128 

686 - 742 

688 - 882 

0,6 - 1,6 

42,9 - 48,7 

1551 - 1889 



- ' ^ 

Determinant! Units 
Laboratory number 

Determinant! Units 
4 5 6 10 12 13 14 16 20 22 24 25 27 31 34 35 38 

Arsenic mg/kg As 44 - - - 42 - - - 37 - - - - - - - -

Cadmium mg/kg Cd 23,2* 4,0 9.2 10.1 10,0 10,6 9,3 24* 9,3 9 <0,1* 4,9 - - 8,4 8,1 10,2 

Cobalt mg/kg Co 5 20 16,0 11,1 8,0 16,0 7,1 - 8,4 - 22 4,9 - - 13,8 38,6* 33,2* 

Copper mg/kg Cu 108 100 98 102 116 95 84 132 112 117 88 98 - - 128 102 113 

Lead Oy/kg Pb 670 - 534 700 720 749 1118* - 690 862 794 555 - *.? '' 748 880 807 

Manganese mg/kg Mn 588 604 613 688 716 700 499 - 720 - 573 609 - - 706 710 718 

Mercury mg/kg Hg 0.1 - - 1.1 1.0 1.8 0,7 - 0,6 0,1 - - - 122,9* - - -

Nickel mg/kg Ni 37,2 24 48 44,0 36,0 58 42,2 - 43,3 54 88* 34,4 - - 68,0 110, Q* 61,6 

Zinc mg/kg Zn 1188* 1392 1739 1580 1640 1760 1789 1672 1585 1605 1984 1570 1608 1751 1785 1801 1615 

* Outlier 

fable 2; Summary of resu l t s 



Table 2 (continued) 

Determinand Units 
Laboratory r.uiaber Range 

(excluding 
outliers) 

Mean 
Value 

NBS 
Certified 

Value 
Mean 
Error 

Relative 
Mean 
Error 
(%) 

Standard 
Deviation 

Coefficient 
of 

Variation 
(%) 

No. of 
Outliers Determinand Units 

39 56 62 63 

Range 
(excluding 
outliers) 

Mean 
Value 

NBS 
Certified 

Value 
Mean 
Error 

Relative 
Mean 
Error 
(%) 

Standard 
Deviation 

Coefficient 
of 

Variation 
(%) 

No. of 
Outliers 

Arcenic mg/kg As - - - - 37-44 41 ** 1 - 3 7,2 0 

Cadmium mg/kg Cd - - 8.3 8,8 4,0-10,6 8,6 10,2 1,6 15,8 1,8 21.5 3 

Cobalt mg/kg Co - - 7.4 9,4 4,9-22,0 11,5 *** - - 5,4 46,9 2 

Copper mg/kg Cu 110 242* 114 115 B4-132 107 109 2 1,5 12 11,5 1 

Lead mg/kg Pb - 605 796 695 534-880 720 714 6 0,9 99 13,7 2 

Manganese mg/kg Mn 750 605 941* 675 499-750 655 785 130 16,6 68 10,4 1 

Mercury mg/kg Hg - - - - 0,1-1,8 0,8 1,1 0,3 29,9 0,6 71,9 1 

Nickel mg/kg Ni 49 - 51.1 39,7 24,0-68,0 46,0 45,8 0,2 0,4 11 24,0 2 

Zinc mg/kg Zn 1610 1613 1880 1539 1392-1984 1676 172 J 44 2,6 131 7,8 1 

Outlier 
Uncertified value : 66 mg/kg As 
Uncertified value : 8 mg/kg Co 



TABLE 3: Determination of Cd, Co, Cu, Pb, Mn, Ni, Zn - Summary of sample 
pretreatment methods 

Lab. no. Method of sample p" ̂treatment 

4, 5, 6, 
V, 

10, 12, 16, 'Extraction with aqua regia 
22, 25, 

11, 31, 56 / 

13 Extraction with a 1:1 mixture of HNO, and HCl followed 
by extraction with H,02 

14 Extraction with HNO, 
20 Digestion with a 3:1 mixture of HNO, and HClOi,, followed 

by extraction with 50 % HCl 
24 Extraction with a mixture of HNO, and HC10* 

34 Extraction with HNO, , followed by extraction with a 
2:1 mixture of HClOi» and HF, followed by extraction with 
50 % HC] 

3 5 Digestion with a mixture of BF, HNO3 and BClOi, 
38 Digestion with a 2:1 mixture of HNO, and HClOi», followed 

by digestion with HNO, 
39 Digestion with 50 % HCl, followed by digestion with a 5:1 

mixture of HCl and HNO, 
62 Digestion with a mixture of HNO, and HClOi,, followed by 

extraction with 10 % HNO. 
63 Digestion with a 4:1 fixture r: HNO, and HC10., 



TABLE 4: Determination of As - Summary of Scunple pretreatment methods 

Lab. no. Method of sample pretreatment 

4, 12 

20 

Extraction with a mixture of Hj S(\ and potassium 
persulphate solution 
Extraction with a mixture of tartaric acid solution, 
HNO, and HP 

TA3LE 5: Determination of Hg - Summary of sample pretreatment methods 

Lab. no. Method of sample pretreatment 

4, 10, 12, [Extraction with a mixture of H, SOi,, potassium 
13, 22 [persulphate and potassium permanganate solutions 

14 Extraction with a mixture of H2SO1, and potassium 
permanganate solution 

20 Extraction with a mixture of HNO, , HClOi» and HF 
31 Extraction with aqua regia 



TABLE 6: Determination of Cd, Co, Cu, Pb, Mn, Ni, Zn 
and interference suppression details 

Background correction 

Lab. No. Background correction details Interference suppression details 

4 ICPOES used:- off-^eak background 
emission correction for Cd„ Co, Pb and 
Ni. 
No background correction employed. 

No interference suppressant added. 

5 

ICPOES used:- off-^eak background 
emission correction for Cd„ Co, Pb and 
Ni. 
No background correction employed. No interference suppressant added. 

6 No background correction employed. No interference suppressant added. 
10 No background correction employed. CsCl (10 g Cs/l) for all metals. 
12 No background correction employed. CsCl/LaO (0,5 g Cs + 2 g La/l) 

for all metals. 
13 No background correction employed. CsCl/LaO (0,5 g Cs + 2 g La/l) 

for all metals. 
14 Background correction for Cd, Co, 

Pb, Mn, Ni, Zn. 
No interference suppressant added. 

16 No background correction employed. CsCl/LaO (0,5 g Cs + 2 g La/l) 
for all metals. 

20 Background correction for Cd, Co, 
Pb, Ni. 

No interference suppressant added. 

22 Details not supplied CsCi/LaO (0,5 g Cs + 2 g La/l) 
for all metals. 

24 No background correction employed. Cs-La for all metals. 
25 Background correction for all metals. Details not supplied. 
27 No background correction employed. Cs-La for all metals. 
31 No background correction employed. CaClj (800 mg/l) - Zn only. 
34 Background correction for all metals. CsCl/LaO (0,5 g Cs + 2 g La/I) j 

for all metals. j 
35 Background correction for Pb and Zn. No interference suppressant added. 
38 Details not supplied. CsCl/LaO (0,5 g Cs + 2 g La/l) 

for all metals. 
39 Details not supplied. 0,5 g Cs + 1,9 g Sr/l for all metals. 
56 Details not supplied. CsCl./LaO (0,5 g Cs + 2 g La/t) 

for all metals. 
62 Background correction for Cd, Co, 

Pb, Ni, Zn. 
No interference suppressant added. 

63 Background correction for Cd, Co, Fe, 
Pb, Ni, Zn. 

No interference suppressant added. 

3 



TABLE 7: Determination of Cd, Co, Cu, Pb, Mn, Ni, Zn : Comparison of 
r e s u l t s obtained by labora tor ies using d i f fe ren t sample p re -
treatment procedures 

Mean value - Mean value - Mean value - i 
NBS 1 * laboratories 4 laboratories 6 laboratories) 

Determinand certified 
value 

using aqua 
regia extraction 

using other 
acid extraction 

using j 
digestior. ! 

(mg/kg) procedure orocedures procedure i 
(mg/kg) (mg/kg) (mg/kg) 

Cadmium 10,2 7,9 9,4 3,9 ! 
j Cobalt * 10,3 14,7 8,4 

Copper 109 97 99 111 
Lead 714 CS4 764 773 
Manganese 785 632 620 715 ! 
Nickel 45,8 39,7 56,0 48,9 
Zinc 1720 1617 1830 1672 

* Uncertified value : 8 mg/kg 
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5. DISCUSSION, CONCmSIOWS AND RECOMMENDATIONS 

The sediment present in natural water systems plays a significant role 
in water quality. Sediment has the ability to bind substances such as 
metals and pesticides, thus removing them from the water phase. 
Conversely, by means of a variety of chemical and biochemical reactions, 
toxic substances present in the sediment can be released to the surrounding 
water. The existence of heavy metal pollution in a water system can often 
be detected in the sediment before it becomes apparent in the overlying 
water (Inland Waters directorate, 1983). The determination of heavy 
metals in rivei, lake and marine sediments by means of suitable sample 
pretreatment procedures and analytical techniques thus forms an important 
part of the investigation of natural water systems. 

Sample pretreatment and analysis 
(ii Cd, Co,_Cu, Pb, Mn,_Ni, Zn: Eleven of the 21 participants carried 

out the pretreatment of the sample by means of aqua regia extraction 
(Smith, 1984). Four other laboratories also used extraction 
procedures, but with different acid mixtures, while the remaining 
6 laboratories employed a wide variety of digestion procedures 
'Table 3). In general, the means of the results obtained by the 
laboratories using aqua regia extraction as the pretreatment pro
cedure tended to be somewhat lower than either the NBS certified 
values or the means of the results obtained by laboratories using 
other extraction techniques or digestion procedures (Table y). 
It is possible therefore that aqua regia extraction may not be 
a sufficiently strong pretreatment procedure for sediment samales. 

One laboratory determined the metals in the sample extract by 
means of inductively coupled plasma optic.-' emission spectro
scopy (ICPOES). The remainder, with two exceptions (one 
laboratory determined lead using the graphite furnace technique 
and one laboratory determined lead by a colorimetric (dithizone) 
method), employed direct flame atomic absorption spectrophotometry. 
All the participants except one, who used the nitrous oxide -
acetylene flame for the determination of Co, Mn, Ni and Zn, carried 
out the determinations with the air-acetylene flame. 

Most of the results submitted for Cu and Zn were within the NBS 
95 % confidence limits and their mean values were fairly close 
to the NBS certified values (Figures 3 and 7). In the case of 
Pb and Ni, the mean values of the submitted results were very 
close to the NBS certified values, but the results were fairly 
widespread, with a significant quantity outside the 95 % con
fidence limits (Figures 4 and 6). Co results were also wide
spread, with the mean value being about 40 % higher than the NBS 
uncertified value (Figure 2). Results for Cd and Mn were mostly 
lower than the NBS certified values, particularly those for Mn, 
and in both cases the mean values were below the lower NBS 95 % 
confidence limits (Figures 1 and 5). 

13 



(ii) As: Only 3 laboratories carried out the determination of this element. 
Two laboratories pretreated the sample by extracting with a mixture 
of H2SOi> and KMnO„ solution (Smich 1984). The remaining laboratory 
used a mixture of tartaric, nitric and hydrofluoric acids for the 
extraccion (Table 4 ) . Hydride generation/atomic absorption was 
employed by 2 laboratories and ICPOES by the other laboratories for 
the measurement of arsenic in the sample extract. Values o^ between 
37 and 44 mg/kg As were obtained, as against s. quoted (uncertified) 
value of 66 mg/kg (Figure 8 ) . 

(iii) Hg: Five of the 8 laboratories carrying out this determination ore-
treated the sample by extraction with a mixture of H230i, and KMnOi, 
and K;S20 8 solutions (Smith, 1984). One laboratory used an extraction 
mixture of H;SOi, and KMnOi, solution, one a mixture of HNO3, HC10., and 
HF, and one used aqua regia (Table 5 ) . The cold vapour atomic ab-
sorptxon technique was employed by all 8 laboratories for the measure
ment of mercury in the sample extract. Excluding a high outlying 
value, all of the results obtained "were between 0,1 and 1,8 mg/kg Hg, 
with a mean value of 0,8 mg/kg, as against the certified value of 
1,1 mg/kg (Figure 9 ) . 

The method of choice for the analysis of a sediment for trace metals would, 
as stated in the report on a previous interlab->ratory comparison study 
(Smith, 1981) ideally be one possessing the combined attributes of accuracy, 
reproducibility, simplicity, rapidity and safety. After completion of the 
sample pretreatment stage, the most suitable measurement technique would 
obviously be direct flame atomic absorption spectrophotometry. However, as 
with sewage sludge, most of the problems, as well as most of the errors, 
will occur at the sampling and sample pretreatment stages. Again, care 
should be taken in ensuring that the sample collected is, to the greatest 
degree possible, representative of the bulk, and that subsequent sub-sampling, 
drying, grinding and sieving procedures are aimed at producing a truly 
homogeneous sample. 

Possible techniques for treatment of the sample prior to analysis for trace 
metals include extraction or digestion with single or combined mineral acids 
(sometimes with the addition of hydrogen peroxide) , ashing followed by acid 
extraction, or fusion followed by acid extraction. Each of these techniques, 
however, has various disadvantages, for example, ashing, though effective 
for removal of organic matter, can cause volatilisation of certain metal 
compounds, while use of fusion techniques can result in 'non-atomic' 
absorption or 'matrix* interference effects at the measurement stage. 
Agemian and Chau (1975) have laid down the following criteria for the 
suitability of an acid or acid mixture for the pretreatment of sediment 
samples: 
(a) It should dissolve all of the metals present in the sample. 
(b) It should destroy the organic matter present in the sample. 
(c) It should dissolve the siliceous matter present in the sample. 
(d) It should not introduce any interfering ions. 



The necessary safety precautions should be taken when u .ing hydrofluoric 
acid for silica dissolution, owing to its corrosive nature, and when using 
hydrogen peroxide or perchloride acid for the decomposition of organic matter, 
owing to the explosive hazards associated with these reagents. 

Inte.ference suppression and background correction 
Interference suppression, in the fcrm of a Cs/La mixture, was used by 9 of 
the participating laboratories. One laboratory used a Cs/Sr mixture and 
one laboratory a Cs solution only. Another laboratory used a CaCl2 solution 
as an interference suppressant in the determination of zinc, although the 
reasons for doing so are not clear, and this precaution would seem un
necessary. No interference suppression was employed by the remaining 8 
laboratories who had supplied details of this part of the analytical 
procedure. As with sewage sludge (Smith, 1981) the use of suitable inter
ference suppressants, such as caesium and lanthanixa salts, is considered 
advisable, particularly for the determination of chromium, iron, manganese, 
calciun and magnesium. 

Background correction was employed, to varying degrees, by 5 of the 17 
laboratories supplying the requested details. For greater accuracy, it 
is recommended that background correction be applied where necessary when 
determining trace metals in sediments by atomic absorption spectrophoto
metry. 

Because of the wide range cf results obtained and sample pretreatment methods 
employed it was not feasible to compare the results from laboratories using 
interference suppression and background correction procedures with those 
who did not. 
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APPENDIX 2 

DFTr.RMINATION OF Cd, Co, Cu, Pb, Mn, "i , Zn : SAMPLE PRBTREATMENT METHODS 

Laboratory nos 4, 12, 16, 22, 27, 56: 
Approximately 0,5 g of the sample dried at 105 °C was accurately weighed 
into a tall-form 100 mi beaker and 12 mi of aqua regia added. The beaker 
was covered with a watch-glass and heated on a hot-plate (medium heat) until 
all bubbling ceased (30 nin minimum). Five millilitres of water were added 
and the mixture was filtered through Whatman no. 42 paper into a 200 mi 
standard volumetric flask and diluted to 200 mi with water. 

Laboratory no. 5: 
A 0,5 g sample was 'dissolved' in 9 mi aqua regia, filtered and made up to 
200 mi with distilled watex". 

Laboratory no. 6: 
Higher values : A 0,5 g sample was digested with aqua regia, filtered and 
diluted to 100 mi with deionized water. Lower values : A 1,0 g sample was 
digested with aqua regia, filtered and diluted to 25 mi with deionized water. 

Laboratory no. 10: 
Approximately 0,5 g dried sample + 12 mi aqua regia were heated to near 
dryness (30 min minimum;. Two millilitres of CsCl solution (10 g Cs+/i) and 
2 Jii cf ION HNO, were added. After dilution to 200 mi, the mixture was 
allowed to settle overnight. 

Laboratory no. 13: 
A 0,5 g sample was digested with 10 mi HNO, + 10 mi HCl until 5 mi left. 
After cooling, 10 mi of 30 volume H,02 were added and the mixture heated 
until frothing had subsided. Ten millilitres of Cs/La suppressant solution 
(2 g La + 0,5 g Cs/i) were added and the mixture diluted to 100 mi then filtered. 

Laboratory no. 14: 
A 0,7 g sample was weighed into a 150 mi Erlenmeyer flask, 25 mi HNO, added, 
and the mixture heated on a hotplate (24 h) until dry. The residue was 
taken up in 20 mi of 10 % HNO,, allowed to settle, and the supernatant 
liquid used for the analysis. 

Laboratory no. 20: 
A 0,5 g sample was weighed into a Phillips beaker. Fifteen millilitres of 
HCl and 1 mi HP were added and the mixture allowed to simmer on a hotplate 
for 10 min . Ten millilitres of 'decomposing acid' (9 parts HNO3 : 3 parts 
HClOi,) were a-'ded and the mixture again allowed to simmer on a hotplate, 
this time for 30 min, then heated to 'incipient dryness*. Twenty millilitres 
of 500 mi/i HCl were then added and the mixture boiled to dissolve the residue. 
It was then cooled and filtered into a 50 mi standard volumetric flask and 
diluted to 50 mi with water. 

Laboratory no. 24: 
A 0,5 g sample was digested with a mixture of HNO, and HClOu for 30 min and 
then filtered and diluted to 100 mi with water. 



Laboratory no. 25: 
A 1,0 g sample was 'digested* with aqua regia. After filtration, the fil
trate was diluted to 500 ml with water. 

Laboratory no. 31; 
The sample was digested with 2 x 40 ml aqua regia and filtered through a millipore 
filter. The filtrate was diluted to 250 ml with water. 

Laboratory no. 34: 
A 0,5 g sample, after drying at 105 °C, was placed in a PTFE beaker and 
10 ml HNO, added. The beaker was covered with a watch glass and the con
tents boiled for 10 to 15 min . Another 10 ml HNO, were added and the 
mixture was boiled again. After cooling, 10 ml of BC10<, and 5 ml of HF 
were added. The mixture was then heated to near dryness. The residue 
was then cooled and taken up in 1:1 HCl and filtered through a Whatman 
no. 42 paper. The filtrate was diluted to 200 ml with water. 

Laboratory no. 35: 
The sample was treated with a mixture of HF, HNO, and HClOi, and taken to 
fumes. The residue was taken into 10 % HNO,. 

Laboratory no. 38: 
Twenty millilitres of HNO, and 10 ml of HClOi, were added to the sample in a 
beaker, which was than covered with a watch glass and gently heated until 
the mixture had evaporated to fumes. Another 20 ml of HNO, were then added 
and the mixture evaporated to dryness. The residue was dissolved in a small 
quantity of HCl, the mixture filtered, and the filtrate diluted to volume. 

Laboratory no. 39: 
Ten to twenty millilitres of 1:1 HCl were added to the sample and the mixture 
evaporated to dryness on a water bath. Five millilitres HCl and 1 ml HNO, 
were added and the mixture again evaporated to dryness. The residue was 
moistened with 5 ml HCl and warmed on a steam bath. After cooling, 40 ml of 
water were added, and the mixture filtered through a Whatman no. 42 paper, 
and the filtrate diluted to volume. 

Laboratory no. 62: 
Approximately 0,25 g sample was added to a mixture of HNO, and BClOi» and the 
mixture heated under reflux. The final solution was fumed to dryness and 
the residue taken up in 10 ml of 10 % HNO,. 

Laboratory no. 63: 
Approximately 0,2 g sample was accurately weighed into a 50 ml boiling tube 
and 10 ml of a 4:1 mixture of HNO, and HClOi» added. The boiling tube was 
suspended in a stainless steel air-bath on a hotplate and the contents heated 
(120 °C) to dryness (app. 48 h). Another 10 ml of the acid mixture were added 
and the mixture again heated to dryness. After cooling, 20 ml of 10 % HNO, 
were added and the mixture was allowed to stand for about 3 h . The super
natant liquid was poured off for analysis. 



APPENDIX 3 

DETERMINATION OF As : SAMPLE PRETREATMENT METHODS 

Laboratory no. 4 and 12: 
Approximately 0,5 g saaple was accurately weighed into a 250 ml Erlenmeyer 
flask. Ten millilicres of 50 q/l potassium persulphate solution were added, 
followed by 10 ml H2SO1,. The mixture was then allowed to stand for 1 h, 
after which it was heated at 95 °C for 2 h, then allowed to stand overnight 
at room temperature. Twenty five ml of water were then added, the mixture 
filtered through a Whatman no. 42 paper, and the filtrate diluted to 100 ml . 

laboratory no. 20: 
Approximately 0,2 g sample was accurately weighed into a PTFE digestion tube, 
to which was added 2 ml of 100 q/l tartaric acid solution, 2 ml HNO, and 
0,5 ml HF. The mixture was digested at 90 °C for 3 h, cooled and mixed on 
a vortex mixer, diluted with water to 10 ml, remixed and allowed to settle. 





APPENDIX 4 

DETERMINATION OF Hg : SAMPLE PRETREATMENT iMETHODS 

Î uxiratory nos 4, 10, 12, 13, 22; 
Approximately 0,5 g sample was accurately weighed into a 250 ml Erlenmeyer 
flask. Ten millilitres of 50 q/l potassium persulphate solution were added, 
followed by 10 mi H2SO1,. The mixture was then allowed to stand for 1 h, 
after which it was heated at 60 °C for 4 to 5 h, then allowed to stand over
night at room temperature. Fifteen millilitres of 50 q/l potassium perman
ganate solution were then added and the mixture again allowed to stand over
night at room temperature. One millilitre of HNO, and 6 ml of 120 q/l 
sodium chloride - 120 q/l hydroxylamine sulphate solution were then added, 
and the mixture allowed to stand until decolorized, after which it was 
diluted to 150 ml with water. 

Laboratory no. 14; 
A 0,7 g sample was weighed into a 150 ml Erlenmeyer flasic and 50 ml of 6 % 
potassium permanganate solution and 10 ml Ĥ SOi» added. After digestion at 
50 °C for 24 h, the mixture was diluted to 100 ml with water. 

Laboratory no. 20; 
Approximately 0,2 g of sample was accurately weighed into a PTFE test tube, 
to which was added 5 ml 'decomposing acid' (9 parts HNO, : 3 parts HC10b) 
and 1 ml HF. After mixing on a vortex mixer, digesting at 90 °C for 3 h and 
cooling, the mixture was diluted with water to 10 ml, remixed, and allowed 
to settle. 

Laboratory no. 31: 
A 5 ml aliquot of the sample pretreatmenL solution for the determination 
of Cd, Co, Cu, Pb, Mn, Ni and Zn was diluted to 100 ml with water. 





APPENDIX 5 

GLOSSARY OF STATISTICAL TERMS USED IN THE STUDIES 

A result which deviates so much from other results in a 
set that it is considered irreconcilable with the other 
data. 

The sum of the results in a set divided by the number of 
results. 

The correctness of a measurement, or the degree of 
correspondence between the results obtained and the true 
value. 

(1) M*>an error - The difference between the arithmetic 
mean of the results and the true value. 

(2) Relative mean error - The absolute value of the mean 
error expressed as a percentage of the true value. 

A measure of the reproducibility of a set of measurements, 
or the degree to which the measurements correspond to one 
another. 

(1) Standard deviation - The square root of the 
variance, the variance being the sum of the squared 
deviations of the sample results from their mean 
divided by one less than the number of results. 

(2) Coefficient of variation - The standard deviation 
expressed as a percentage of the mean. 

(3) Range - The difference between the largest and the 
smallest results in the sample. 

(4) Confidence limits - Limits within which the true 
mean of the population will lie with a given 
probability (usually 95 % ) . 

(1) 't'-test - Used to determine the significance of 
differences between the means of two sets of results. 

(2) 'F'-test - Used to determine the significance of 
differences between the standard deviations of two 
sets of results. 
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Outlier: 

Arithmetic 
mean: 

Accuracy: 

Measures of 
accuracy: 

Precision: 

Measures of 
precision: 

Tests of 
significance: 
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