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SAMEVATTING 

Hierdie studie maak deel uit van die reeks interlaboratoriumvergelyking-
studies wat deur die NINN georganiseer word en betrek laboratoriuns in 
suidelike Afrika wat gemoeid is met water- en afvalwaterontleding. Oit 
behels ontleding deur 20 laboratoriums van twee gedroogde slykmonsters vir 
aluminium, kadmium, chroom, koper, yster, lood, mangaan, nikkel an sink. 
Die resultate wat verkry is, sowel as sommige van die voor- en nadele van 
verskeie monstervoorbehandelingstegnieke word geëvalueer en bespreek. 

Die gemiddelde waardes van die resultata wat verkry is deur van die VSA-EPA 
se aanbevole monstervoorbehandelingsprosedure gebruik te maak, net, met die 
uitsondering van aluminium, goed ooreengestem met die wat verkry is deur 
van 'n verskeidenheid ander monstervoorbehandelingstegnieke gebruik te 
maak. Orastiese voorbehandeling soos smelting of 'n sterker verteringsproses, 
is raadsaam vir volkome ekstraksie van hierdie metaal. 

Die meeste van die laboratoriums het gebruik gemaak van vlamatoomabsorpsie-
spektrofotometrie vir die ontledings. Die gebruik van geskikte steurings-
onderdrukkers an, in sommige gevalle, agtergrondregstelling, word vir 
hierdie m«tode aanbeveel. 

SYHOPSIS 

This study forms part of the NIWR's series of interlaboratory comparison 
studies involving .southern African laboratories engaged in water and 
wastewater analysis, and is concerned with the analysis by 20 laboratories 
of two samples of dried sewage sludge for aluminium, cadmium, chromium, 
copper, iron, lead, manganese, nickel and zinc. The results obtained are 
evaluated and discussed, along with some of the advantages and disad
vantages of various sample .pretreataent techniques. 

The mean values of the results obtained using the U.S. EPA's recommended 
sample pretreatment procedure were found to be in good agreement with those 
obtained using a wide variety of other sample pretreatment techniques, with 
the exception of those for aluminium. More drastic pretreatment, in the 
form of fusion or a more vigorous digestion procedure, is advisable for 
complete extraction of this metal. 

Most of the laboratories employed flame atomic absorption spectrophotometry 
for the analyses. The use of suitable interference suppressants and, in 
certain cases, background correction, was recommended with this method. 
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INTRODUCTION 

Study no. 80/C, part of the NIWR's series of inter laboratory comparison 
studies involving southern African laboratories engaged in water and 
wastewater analysis, is concerned with the determination of certain 
trace metals, namely aluminium, cadmium, chromium, copper, iron, lead, 
manganese, nickel and zinc, in two sample? of dried sewage sludge. 
Large quantities of digested sewage sludge are disposed of to land, 
either for ase as a secondary fertilizer or for burial in sanitary 
land fills. Sewage sludge often contains trace metals in concen
trations higher than those found in typical agricultural soils. 
Continued use of such a sludge could lead, in the first case, to 
adverse crop and food chain effects due to plant uptake of certain 
trace metals, and, in the second case, to groundwater contamination by 
toxic metals leached from the sludge. The determination of trace 
metals in sewage sludges, and consequently the necessity of having 
reliable methods of sample pretreatment and analysis of these sludges, 
has therefore recently become of increased importance, hence the 
reason for this particular study. 

The results of the study, in which the 20 laboratories listed in 
Appendix 1 participated, are summarized and evaluated in this report. 

SAMPLE PREPARATION 
Sample 1 was obtained directly from the U S Environmental Protection 
Agency (EPA). A "Municipal Digested Sludge", it is one of a series of 
EPA quality control samples. The sample consisted of 55 grams of 
freeze-dried digested sludge, which had been mixed and blended for 
homogeneity and then sterilized for safe handling. Mean values and 
95 % confidence limits for each metal, obtained through exhaustive 
analyses by EPA referee laboratories, were also provided with the 
sample. Each laboratory was supplied with a vial containing approxi
mately 1,5 g of the sample. 

Sample 2 consisted of air-dried digested sludge from Daspoort Sewage 
Works, Pretoria, which had been oven-dried at 105°C, grounu for 24 
hours in a porcelain ballmill, sieved through & 100 mesh sieve, and 
well-mixed for optimum homogeneity. Each laboratory was supplied with 
a vial containing approximately 6 g of this sample. 

ANALYSIS INSTRUCTIONS 
It was requested that both samples be analysed for: aluminium, 
cadmium, chromium, copper, iron, lead, manganese, nickel and zinc. 

Each laboratory was supplied with details of the approximate concen
tration range into which each determinand would fall (mg/kg). 

With regard to the method of pretreatment of the samples for analysis, 
it was requested that:-

a) Both samples should be prepared for analysis by the EPA recom
mended method (EPA, 1974) as supplied with sample 1, viz:-



"Transfer a representative aliquot of the well-mixed sample 
to a Griffin beaker and add 3 *L of concentrated redistilled 
nitric acid, place the beaker on a hot-plate and evaporate 
to dryness cautiously, making certain that the sample does 
not boil. Cool th<- beaker and add another 3 ml portion of 
concentrated redistilled nitric acid. Cover the beaker with 
a watch-glass and return it to the hot-plate. Increase the 
temperature of the hot-plate so that a gentle reflux action 
occurs. Continue heating, adding additional acid as 
necessary, until the digestion is complete (generally 
indicated by a light-coloured residue). Add sufficient 
distilled i:l hydrochloric acid, and again warm the beaker 
to dissolve the residue. Hash down the beaker walls and 
watch-glass with distilled water and filter the sample to 
remove silicates and other insoluble material that could 
clog the atomizer. Adjust the volume to some predetermined 
value, based on the expected metal concentrations. The 
sample is now ready for analysis." 

(A volume of 100 mt was suggested, based on preliminary work in 
the originating laboratory). 

For their municipal digested sludge, the EPA recommend a 1 g 
sample size, and also make the following proviso:-

"The digestion method requires that the samples be heated to 
near dryness, not baked. Also, no more than 2 evaporation 
cycles are required, with a total digestion time of less 
than 4 hours." 

b) In addition, sample 2 should also be prepared for analysis by 
another method of the participating laboratory's choice, 
incorporating any desired ashing, fusion, digestion or extraction 
technique, or combination of these techniques. In this case, 
full details of the method of sample pretreatment were to be 
supplied along with the results. 

Complete freedom of choice was allowed with respect to the method 
of analysis employed after completion of the sample pretreatment 
stage. 

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

4. RESULTS 
Summaries of the results received, together with a statistical 
analysis of the results are shown in Table 1. The results were first 
reviewed for outliers ("wild" results), using the JSTM procedure 
(ASTM, 1979), before analysing for mean, standard deviation, 
coefficient of variation and 95 % confidence limits. The results 
obtained for each metal in both samples by each pretreatment method 
used are compared graphically in Figures 1-9. 



The aaan values and 95 % confidence liaits obtained for sample 1, 
using the EPA saaple pretreetaant aethod described (Method 1) are 
ecapered in Table 2 with the corresponding values obtained from 
numerous EPA studies also using this aethod. The aaan values and 95 % 
confidence liaits obtained for staple 2, also using the EPA prescribed 
sample pretreataent aethod, are coapared in Table 3 with these obtained 
for the save saaple using the pretreataent aethods of the participant's 
choice. 

Brief summaries of the saaple 2 pretreataent techniques used by each 
laboratory are given in Table 4. Pull details of each pretreataent 
aethod used, as supplied by each laboratory, are shown in Appendix 2. 
Details of background correction applied by each laboratory for the 
various aetal deterainations are given in Table 5. 
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Table 1: (Continued) 

Determine 
and Units Sample 

no. 
•retreataent 
•ethod no. 

J Laboratory Nunber Ranoe(exclu-
dlng outliers; 

<e*Vkg> 

Mean 
value 
<««/>9> 

Standard 
deviation 

Coefficient 
of variation 

« 

«5 % Confi
dence Units 

(•*/"«> 
Determine 
and Units Sample 

no. 
•retreataent 
•ethod no. 25 29 35 45 49 55 

Ranoe(exclu-
dlng outliers; 

<e*Vkg> 

Mean 
value 
<««/>9> 

Standard 
deviation 

Coefficient 
of variation 

« 

«5 % Confi
dence Units 

(•*/"«> 

Mu»lnlua •g/ka *1 3546 
6850 
5780 

4630 
12100 

4309 
12284 
31228* 

- - -
3546 - 5140 
4950 - 14430 
5790 - 18330 

4312 
ion J 
11255 

467 
3648 
1904 

10,C 
36,2 
29,4 

1417 - 5247 
4921 - 15303 
5603 - 20907 

Cedniua •g/kq Cd 19,3 
5.8 
S.l 

18 
6 

19.5 
6,8 
6,9 

-
20 
10 

4,9 

21 
7,3 
7.4 

15,0 - 34,0 
3,0 - 10,0 
3,0 - 13,0 

19.1 
9,9 
54 

3,1 
1,8 
2,2 

11,0 
31,0 
H,9 

15.0 - 21,2 
2,1 - 9,1 
1,6 - 10,2 

Chroalu» •a/kg Cr 303 
152 
152 

676* 
98 

209 
165 
?'9 

102* 
81 
99 

470* 
310* 
70 

212 
123 
124 

160 - 370 
81 - 370 
70 - 365 

310 
155 
157 

31 
44 
52 

14,6 
29,3 
33,1 

150 - 270 
69 - 241 
55 - 259 

Copper «9/kg Cu 1029 
577 
571 

1140 
540 

1094 
625 
585 

1270 
674 
1263* 

917 
557 
480 

1076 
637 
651 

917 - 1370 
540 • 690 
490 - 740 

1055 
606 
599 

80 
45 
60 

7,5 
7,* 
10,0 

899 - 1211 
517 - 694 
482 - 716 

ire ao/kg re 20239 
29285 
29417 

41100* 
27300 

16953 
25411 
36299 

16900 
23920 
26850 

17430 
21930 
15980 

17545 
23966 
19593 

14490 - 30339 
30000 - 39295 
15990 - 29417 

17199 
34451 
33319 

1134 
T337 
1497 

7,7 
0,-
is.o 

14601 - 19791 
20462 - 28425 
16466 - M171 

Lead •9A9 n> 524 
354 
345 

sac 
320 

597 
369 
391 

- 643 
410 
417 

470 - 670 
240 - 475 
296 - 454 

559 
149 
351 

53 
49 
46 

9,5 
11.9 
11,0 

455 - 664 
253 - 444 
261 - 441 

•*"'""• 
•o/kg Nn 212 

484 
472 

850* 
490 

214 
490 
480 

205 
428 
468 | 

331 
460 
461 

194 - 211 
423 - 492 
390 - 495 

311 
459 
453 

9 
34 
35 

1,6 
5,2 

197 - 229 
412 - 5U7 
404 - 501 

Nickel 1 t/k<t Ni 202 
52 
«2 

420* 
350* 

177 
55 
59 

195 
95* 
99* 

290* 
130* 
40 

-
162 - 345 
40 - 66 
40 - 69 

195 
53 
54 

30 
9 
8 

10,1 
15,1 
14,9 

156 214 
37 - 68 
38 - 70 

Sine •gAg 8n 1388 
1953 
1915 

1390 
1840 

1353 
1860 
1826 

1209 
1766 
1939 

1490 
1710 
1530 

1388 
1771 
1809 

1309 - 1540 
1630 - 1951 
1530 - 2080 

1367 
1792 
1794 

47 
71 
141 

7,1 
4,0 
7,9 

1177 - 1598 
1642 - 1922 
1517 - 2070 

• Outlier 



TafcU 2: S—»U 1: Ca—ci— *f EP4 —m n l w » » 0 95X e—fU—c« 
limt» with che— rtt li—d ttm this «twOy 

— 1 ~ 
H M t n l M 

Scviy 00/c 
95X CMf 

DA 
I t e c t l i m t * 

0«Ag) 

Stat? 00/C 
95X f w f f i i i i 
l ú n t * ía t /kt ) 

Aloaiaúa» 4550 4332 2010 7110 3417 - 5247 
CadÚK 20,0 » . 1 2,5 • 39.1 15.0 - 23 t2 
Cfaromaa 205 210 115 294 ISO - 270 
Capper 1095 1055 031 1300 099 - 1211 
Iroo 10155 17190 3010 - 20500 4003 - 19793 
Uad 519 559 305 733 4 5 5 - 0 0 4 
« • U n i t 205 213 172 230 197 - 220 
ttcfctl 190 195 104 233 150 - 234 
Ziac 1323 1307 1190 1450 1177 - 1550 



Table 3: Sample 2; Comparison of mean values and 95Z confidence 
limits obtained using EPA method (1) and method of 
participant's choice (2) 

Determinand 
Method 1 

Mean value 
(mg/kg) 

Method 2 
Mean value 

(mg/kg) 

Method 1 
95Z confidence limits 

(mg/kg) 

Method 2 
95Z confidence 
limits (ng/kg) 

Aluminium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Nickel 
Zinc 

10113 
5,8 
155 
606 

24453 
349 
459 
52 

1782 

13255 
6,0 
157 
599 

23319 
351 
452 
54 

1794 
t 

4923 - 15303 
2,3 - 9,3 
69 - 241 
517 - 694 

20482 - 28425 
253 - 444 
412 - 507 
37 - 68 

1642 - 1922 

5603 - 20907 
1,6 - 10,4 
55 - 259 
482 - 716 

16466 - 30173 
261 - 441 
404 - 501 
38 - 70 

1517 - 2070 



TABLE 4. Summary of sample 2 preparation techniques (Method 2) 

Lab. No. Sample 2 preparation technique 

4 
6 
8 

9 
10 

11 

12 
13 
16 
18 

19 
20 

24 
25 
35 

45 
49 
55 

Dry asning - 1000 °C; digestion with HCl; extraction with 
dilute HCl 
Digestion with HNO, 
Extraction with dilute HC1/HNO, 
Digestion with HMO, followed by digestion with 1:4 mixture 
of HClOt» and HNO, 
Dry ashing - 500 °C; digestion with HNO, 
Digestion with HNO, followed by digestion with 2:1 mixture 
of HClOi» and HNO,; extraction with HNO, 
Digestion with HNO,; extraction with 1:1 mixture of HNO, 
and H,0, (30 vol.) 
D"Y ashing - 500 °C; extraction with aqua regia 
Dry ashing - 500 8C; digestion with HCl 
Extraction with a mixture of dilute HCl and H,02 (30 vol.) 
Digestion with HCl, followed by digestion with a 18:1:1 
mixture of HNO, , HClOi», HF, extraction with 1:1 HCl 
Dry ashing - 550 8C; e^*raction with 1:1 HCl 
Digestion with a 3:1 mixture of HNO, and HClOi»; extraction 
with 1:1 BCe. 
Extraction with HNO, 
Digestion with aqua regia; extraction with dilute HCl 
Digestion with a mixture of HF, HNO, and HClOi» ; extraction 
with 1:1 BCl. Residue ignited and remaining residue treated 
wich HF-HNO, -HCLO,, mixture 
Extraction with 1:1 mixture of HNO, and HCl 
Digestion with a mixture of H,S0i» and H, 0 2 

Extraction with dilute HCl:HNO, mixture 



TABLE 5. Background correction details 

Lab. No. Background correction detail*? 

2 No background correction employed 
4 Atonic absorption methods not used 
6 No background correction employed 
8 No background correction employed 
9 Cadmium, lead, zinc 
10 No background correction employed 
11 Cadmium, iron, lead, manganese, nickel, zinc 
12 No background correction employed 
13 No background correction employed 
16 No background correction employed 
18 Cadmium, iron, lead, manganese, nickel 
19 No background correction employed 
20 Cadmium, lead, nickel 
24 Cadmium, chromium, iron, manganese, nickel, lead 
25 No background correction employed 
29 All metals 
35 Zinc 
45 Atomic absorption methods not used 
49 No background correction employed 
55 Lead, zinc 
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5. DISCCSSIOH, COMCLPSIOKS M P RBCOiWEWe^TIOWS 

General 
All of the participating laboratories were requested to prepare both 
saaples for analysis by the recommended EPA procedure (Method 1) as 
well as preparing Temple 2 for analysis by a method of their own 
choice (Method 2). Of the nineteen laboratories carrying out the 
second pretreatment procedure on sample 2, five employed ashing 
techniques followed by drgestion and/or extraction with mineral acids, 
six employed digestion followed by extraction, while three used 
digestion only and five used extraction only, The digestion and 
extraction procedures were characterised by the wide variety of 
reagents or combination of reagents employed by the participants 
(Table 4; Appendix 2). 

Eighteen of the 20 laboratories employed direct flame atomic absorption 
spectrophotometry for the actual determinations. One laboratory used 
inductively-coupled plasma emission spectroscopy, while the remaining 
laboratory carried out the determinations by colorimetric methods. 

The means of the results obtained by the laboratories participating in 
this study, using the EPA recommended procedure (Method 1) for the 
pretreatment of sample 1, were in good agreement with those obtained 
by.the EPA referee laboratories using the same procedure (Table 2). 
Except for nickel and zinc, the 95 % confidence limits for the results 
from this study ware within a considerably narrower raage than those 
for the EPA results. 

Examination of the results obtained 
this study using (a) the EPA 
pretreatment (Method 1) and (b) a 
participant's own choice (Method 2) 

for sample 2 by laboratories in 
procedure for saaple 
pretreatment method of the 

also showed a remarkably good 
agreement between the mean values of the results obtained for each 
metal by each method, with the notable exception of aluminium, where 
the results obtained using the methods of the participant's own choice 
gave a much higher value than those obtained using the EPA method 
(Table 3; Figures 1-9). In addition, wide variations were observed 
among the results obtained for this metal by the method of the 
participant's choice (Method 2). These ranged from S 780 to 70 000 
mg/kg Al. In general, aluminium results from samples subjected to 
ashing and/or digestion pretreatment techniques, particularly where 
hydrofluoric and perchloric acids were included in the digestion 
mixture, ware significantly higher than the aluminium results obtained 
from samples subjected only to acid-extraction pretreatment techniques 
(Table 4; Figure 1). This was not the case with the results from the 
determinations of the other metals (Table 4; Figures 2-9), where no 
particular pattern was observed. 

With regard to the discrepancies in the results from the aluminium 
determinations, several laboratories commented further or carried out 
additional work on the problem. 

Laboratory no. 10 carried out two additional digestion/evaporation 
cycles on both samples pretreated according to the EPA procedure 
(Method 1) and found significant quantities of aluminium and iron 
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ï 
still present in tha residue (sample 1: 330 mg/hg Al. SCO mm/kg Fe; 
sample 2: 1 2(0 mg/kn »1, '«00 mg/kg Fe). O n o í further digestion 
or a aor* powerful dlqmat4.cn agent was recoananded. 

Laboratory no. 19 reported a vary dark residue r—alni no after 
pretreataent of both samples I and 2 by the E M procedure 'method i), 
whereas use of their own pretreatmmnt procedure (Htthod 2) resulted in 
a white insoluble residue, presuned to be mainly silica. 

Laboratory no. 4 carried out t qualitative analysis on the undigested 
residues left after sanple 2 pretreatmamt by both the Efm aethod 
(Htthod 1) and their own nitric acid digestion procedure (Method 21, 
and found than to consist aainly of silicon, aliamiaiun. iron and 
titaniun. X. sodiun carbonate fusion was tnen carried out « A 
sanple 2, which resulted in only a snail quantity of almost colourless 
residue remaining after dissolution of the «alt in acid. A value of 
32 700 ag/kg was obtained for aluminium in this case. 

Laboratory no. 20 carried out a lithium motaborate fusion pcetreafaant 
on sanple 2 and reported a value of 35 600 an/kg Al by this procedure. 

Both of these values are in close agreement with the value of 31 220 
ag/kg Al obtained by laboratory no. 35, who carried out a hydrofluoric 
acid-perchloric acid-nitric acid digestion pretreataent. Laboratory 
no. 18 also used the sane digestion procedure and reported a result of 
70 000 ng/kg Al. This result is considered to be excessively high, 
however, as almost all the other results obtained by this laboratory 
using this method were also relatively high. It is probable, 
therefore, t>at the true value for the al «minium content of «ample 2 
lies somewhere in the region of 30 000 - 35 000 mg/kg. Indications 
are that the EPA recommended sample pretreatmant procedure is not 
strong enough to extract the aluminium completely from rertain 
sludges. If the determination of this metal is required, fusion or 
hydrofluoric acid digestion pretreataent is advisable. 

Wavelength 

All of the laboratories using atomic absorption spectrophotometry 
employed the recognised standard (EPA, 1979; Standard Methods, 1975) 
wavelengths for aluminium (309,3 nm), cadmium (228,8 nm), chromium 
(357,9 nm), manganese (283,3 am,, nickel (232,0 nm) and sine (213,9 nm). 
Laboratory nc 10 determined aluminium and chromium by flame 
emission, at wavelengths of 396,1 on and 425,4 nm respectively. In the 
case of copper, the standard wavelength of 324,7 on was used by all 
but two laboratories (nos 9 and 16), who used the alternative 327,4 nm 
wavelength. For iron, laboratory no. 19 carried out the determination 
at 372,0 nm, laboratories 9 and 16 used the even less sensitive 386,0 
nm wavelength, and the remainder the standard 248,3 ra». Four 
laboratories (nos 2, 19, 20, 35) determined lead at the standard 
wavelength of 283,3 na; the remainder used 217,0 nm. 

In general, the standard wavelength is also the most sensitive one. In 
the case of lead, however, the less sensitive but more intense 
217,0 nm wavelength is often preferred to the standard. 
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The use of a less sensitive wavelength instead of dilution of the 
sample solution is a common practice. In many cases, however, 
dilution can result in a reduction in interferences and should, in 
these circumstances, be the preferred technique. 

Flame 
All laboratories who determined aluminium by atomic absorption or 
flame emission techniques used the nitrous oxide-acetylene flame. 
This flame was also used by twelve laboratories (nos 9, 10, 11, 12, 
18, 19, 20, 24, 25, 29, 35, 49) for the determination of chromium, by 
three laboratories (nos 19, 24, 49) for the determination of iron, as 
well as by two laboratories (nos 24, 35) determining manganese, and 
one (no. 24) determining nickel. In all other cases the air-acetylene 
flame was employed. 

Only six laboratories determined chromium using the air-acetylene 
flame. The means of the results obtained by these laboratories for 
each of the three determinations were found to be considerably lower 
than the corresponding means of the results obtained by the laboratories 
using the nitrous oxide-acetylene flame. In addition, tests carried 
out in the author's laboratory showed that the determination of 
chromium in the nitrous oxxde-acetylene flame gave higher results than 
were obtained by its determination in the air-acetylene flame, even 
with the addition of interference suppressants and use of a reducing 
(fuel-rich) flame. 

The use of the air-acetylene flame for the atomic absorption determi
nation of cadmium, copper, iron, lead, manganese, nickel and zinc and 
of the nitrous oxide-acetylene flame for the determination of 
aluminium is stipulated in both "Standard Methods" and the EPA manual. 
In the case of chromium, however, the former recommends the air-
acetylene flame and the latter the nitrous oxide-acetylene flame 
(Standard Methods, 1975; EPA, 1979). Based on the results obtained in 
this study, the nitrous oxide-acetylene flame is preferred for the 
direct flame atomic absorption determination of chromium in sewage 
sludge. 

Interference suppression 
No interference suppressants were employed by laboratories 2, 6, 8, 
11, 16 and 55. Laboratories 9, 18, 19, 20 and 25 used interference 
suppressants for the determination of aluminium only, in the form of 
potassium, sodium or a mixture of lanthanum and cesium salts. 
Laboratory no. 24 used potassium chloride for the interference 
suppression in the determination of aluminium, chromium, iron and 
manganese. Laboratory no. 35 used potassium nitrate in the determina
tion of aluminium, chromium and manganese, while laboratory no. 29 
used potassium chloride in the determination of aluminium, but calcium 
chloride in the determination of iron and manganese, A mixture of a 
cesium salt and a lanthanum 3alt was employed by laboratories 12 and 
13 fox all determinations, while laboratory no, 10 used a cesium salt 
only and laboratory no. 49 a mixture of cesium and strontium salts, 
also for all determinations. 

The EPA manual recommends the addition of 1 g potassium per litre for 
the reduction of ionisation interference in the nitrous oxide-acetylene 



flame in the determination of aluminium, and ->f ammonium bifluoride 
(to give a 1 % solution) for the reduction of chemical interferences 
in the determination of chromium if the air-acetylene flame is used. 
"Standard Methods" stipulates the addition of SO mg of calcium per 
litre in the determination of iron and manganese, in order to elimi
nate silica interference. Neither manual stipulates the use of any 
suppressants for the determination of cadmium, copper, let J" nickel or 
zinc (Standard Methods, 1975; EPA, 1979). 

The use of suitable interference suppressants is considered advisable 
in samples of this type, particularly for the detercu.ation of 
chromium, iron, and manganese. 

Background correction 
Background correction was employed to varying degrees by eight of the 
laboratories using atomic absorption methods. Ten laboratories used 
no background correction procedures (Table 5). For greater accuracy, 
background correction should be applied «here necessary in samples of 
this type. Knechtel, Conn and Fraser 0978) recommended background 
correction for cadmium, lead and nickel in particular, and especially 
for sludges high in calcium. 

Sampling and sample preparation 
No result can, of course, be of much value unless the sample from 
which that result has been obtained is a truly representative one. 

For example, in the case of a sewage sludge the sample may change 
drastically after collection due to biological activity, and therefore 
such samples should be analysed as soon as possible. Where possible 
they should be maintained at temperatures between 0 and 5°C and/or 
suitable preservatives added, depending on the constituents or 
parameters being determined. Atypical solids should be removed by 
passing the sample through a 5 mm sieve. For the sampling of air-
dried sludges from drying beds, the samples should be collected from 
throughout the bed and not from the surface only. It is recommended 
that a core be taken through the depth of each separate piece taken 
from tha bed and a composite sample prepared from about 25 of these 
cores. Sub-sampling, by quartering for example, should be carried out 
on this composite sample and rubsequent drying, grinding and sieving 
procedures should be aimed at producing a truly homogenous sample for 
analysis, capable of passing through a 0,5 mm sieve (HMSO, 1977). 

Sample pretreatment and analysis 
The method of choice for the analysis of a sewage sludge for trace 
metal analysis would ideally be one possessing the combined attributes 
of accuracy, reproducibility, simplicity, rapidity and safety. Once 
sample pretreatment is complete, the method to use for the actual 
determinations would preferably be direct flame atomic absorption 
spectrophotometry. It is in the sample pretreatment stage, however, 
where most of the problems lie, where most errors will probably occur, 
and where the greatest ;are must be taken. At the present time there 
is no generally recognised standard procedure for the treatment of a 
sample of sewage sludge prior to analyses for trace metals. Many 
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acid digestion and/or extraction procedures, incorporating a wide 
variety of acid mixtures, some in combination with ashing or fusion 
techniques, have been reported, for example: nitric acid alone, 
hydrochloric acid alone, nitric-hydrochloric acids, nitric-sulphuric 
acids, nitric-perchloric acids, nitric-hydrofluoric acids, hydro
chloric-hydrofluoric acids, nitric acid-hydrogen peroxide, hydro
chloric acid-hydrogen peroxide, nitric acid-hydrogen peroxide-
hydrofluoric acid; ashing temperatures varied from 300-650°C; lithium 
metaborate and sodium carbonate fusion techniques have been used 
(\rtiola-Fortuny and Fuller, 1979; Becket, 1978; Carrondo. Perry and 
Lester, 1979; Delfino and Enderson, 1978; Jenniss, Katz and Mount, 
1980; Katz, Jenniss, Mount, Tout and Chatt, 1981; Knechtel, Conn and 
Fraser, 1978; Krishnamurty, Shpirt and Reddy, 1976; Rees and Hilton, 
1978; Ritter, Bergman, Cothem and Zamierowski, 1978; Sommers, Nelson and 
Yost, 1976; Thompson and Wagstaff, 1980; Van Loon and Lichwa, 1973; 
Van Loon, Lichwa, Ruttan and Kinrade, 1973; Van Loon and Parissis, 
1969). 

It is important that the acid or acid mixture employed satisfies the 
followir.q criteria (Agemian and Chau, 1975): 

(1) It should dissolve all of the metals present in the sample. 
(2) It should destroy the organic matter present in the sample. 
(J/ It should dissolve the siliceous matter present in the sample. 
(4) It should not introduce any interfering ions. 

The use of single or combined mineral acids, such as nitric and/or 
hydrochloric acid, can extract a high percentage of metals from the 
sludge (the use of sulphuric acid is not recommended because of the 
possible formation of insoluble sulphates), but the addition of hydro
fluoric acid will ensure a more effective dissolution of the silica 
matrix, while the addition of hydrogen peroxide or perchloric acid to 
the sample as well will greatly enhance the decomposition of organic 
matter. 

The use of hydrofluoric acid, hydrogen peroxide and perchloric acid, 
however, presents a significant safety problem, owing to the highly 
corrosive nature of hydrofluoric acid and the explosive hazards 
associated with hydrogen peroxide and perchloric acid. Use of these 
reagents is therefore not advisable in laboratories where inexperienced 
analysts will be carrying out the sample pretreatments and where 
adequate safety precautions can .iot be taken. 

Ashing is also an effective treatment for the removal of organic 
matter. The problem here lies in the choice of a temperature high 
enough to decompose all the organic matter in the sample without at 
the same time causing volatilization of certain metal compounds. In 
general, temperatures exceeding 550°C should not be used. 

Fusion techniques can result in the introduction of large quantities 
of salts into the sample solution for analysis, which can give rise to 
"non-atomic absorption" or "matrix" interference effects. 
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From the results obtained in this study, there appears to be a fairly 
wide choice of relatively safe, simple and reliable methods for the 
pretreatment of sludge samples prior to analysis for any of the metals 
examined in the study, with the exception of aluminium. For complete 
extraction of this metal, particularly from sludges with a high 
silicate concentration, more drastic treatment is necessary, either by 
means of a fusion technique or hydrofluoric acid treatment. Certain 
sludges uigh in organic matter may also require ashing or treatment 
with hydrogen peroxide or perchloric acid. 

For the direct flame atomic absorption determination of the metals in 
the sample extract, it is recommended that background correction be 
applied where necessary and that suitable interference suppressants be 
added in sufficient quantities to overcome as much as possible of the 
chemical and ionisation interferences. For example a mixture of 
cesium and lanthanum salts could be added to all samples and standard 
solutions. 
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APPENDIX 2 

SAMPLE 2 PRETRSATMEHT METHODS (METHOD 21 

Laboratory no. 2; One gram of sample ashed in platinum crucible at 1000*C 
for one hour. Five millilitres HC1 added to residue 

and evaporated to dryness. Evaporation repeated 3 times. Five millilitres 
HCl + some water added to the residue and the mixture refluxed for 2 hours, 
then filtered, and the filtrate diluted to a suitable volume for analysis. 

Laboratory no. 4: Ten millilitres redistilled HNO3 added to 1 J sample in 
a 100 ml Erlenmeyer flask. The mixture was heatea *..£ s 

hot-plate until not quite dry. A further S ml redistilled HNO3 was added 
and the mixture evaporated slowly (4 days) to dryness over a steam bath. 
Two millilitres redistilled HMO3 + 20 ml deionized water were then added. 
The mixture was then filtered and the filtrate diluted to a suitable volume 
for analysis. 

Laboratory no. 6: Five millilitres concentrated HMO3 + 5 m£ concentrated 
HCl + 100 ml distilled water added to 0,25 g sample in 

an Erlenmeyer flask. The mixture was then allowed to digest at a low 
temperature on a hot-plate for approximately 3-4 hours, when a greenish-
brown mixture was obtained, which was then filtered. The filtrate was 
diluted to 50 ml . 

Laboratory no. 8: Twenty-five millilitres concentrated HNO3 added to 2 g 
sample. The mixture was digested slowly (overnight), 

then evaporated to almost dryness. Twenty-five millilitres of a 1:4 
mixture of HClOi, and HNO3 were then added and the digestion and evaporation 
procedure repeated until the residue became lighter in colour. The residue 
was then evaporated to dryness. Five millilitres of concentrated HNO3 + 
50 ml water were then added and the mixture filtered. The filtrate was 
diluted to 100 ml . 

Laboratory no. 9; A 1 g sample was ashed at 500"C for 1 hour. Ten 
millilitres HNO3 were added to the residue and the 

mixture digested on a steam bath for 1 hour. The residue and the mixture were 
then diluted 1:1 with double-distilled water and the digestion continued 
for another 30 minutes. The mixture was then filtered and the filtrate 
diluted to 100 ml . 

Laboratory no. 10: Three millilitres of supra-pure HNO3 were added to 1 g 
sample in a 100 ml beaker and the mixture evaporated 

just to dryness on a glass fibre pad on a hot-plate. After cooling, 
another 5 ml supra-pure HNO3 were added and the mixture warmed, then 
transferred to a 100 ml Erlenmeyer flask, using another 5 ml supra-pure 
HNO3 to wash out the beaker. 

The mixture was again heated on a hot-plate until most of the HNO3 had 
evaporated. The mixture was then cooled, 5 ml supra-pure HNO3 + 10 ml 
70 % BClOi, carefully added, and this mixture heated gently until dense 
white fumes appeared. A further 9 ml of supra-pure HNO3 were added and 
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the flask covered with a watchglass while allowing the Mixture to reilux 
gently for a total of 6 hours tat this stage the solid residue was light-
grey in colour, while the solution was dark-brown}. 

The mixture was then cooled and transferred quantitatively to a 100 mi 
volumetric flask, a solution of a cesium salt added to give a final 
concentration of 100 mg/£, and the mixture diluted to 100 ml . 

Laboratory no. 11; One gram of sample was placed in a 250 ml Erlenmeyer 
flask along with 2 ml distilled water. Ten millilitres 

HMO3 were slowly added and the mixture brought to boil on a hot-plate. 
Boiling was continued until the mixture was almost dry. More HHO3 was 
added and the mixture again evaporated almost to dryness. After cooling, 
10 ml HNO3 aad 10 ml H2O2 were added, the mixture gently and carefully 
heated until ail the effervescence had subsided, and then boiled for . 
approximately 30 minutes, cooled and filtered. The filtrate was diluted to 
100 ml . 

Laboratory no. 12; Approximately 0,5 g sample was accurately weighed 
into a porcelain crucible and ashed in a muffle furnace 

at 500*C for 2 hours. The ash was boiled with 12 ml aqua regie for 2 
hours, then filtered. The filtrate was diluted to 100 ml . 

Laboratory no. 13: Two grams sample were ashed at 500*C for 2 hours. 
The residue was mixed with 3 ml BC1 and evaporated 

nearly to dryness. Another 3 ml HC1 were added to the residue and the 
mixture quantitively transferred to a 100 ml volumetric flask. A Cs/La 
solution was then added to give a final concentration of 2 g/l La and 
0,5 g/l Cs when the final solution was diluted to 100 ml . 

Laboratory no. 16; One gram sample transferred to a beaker and 5 ml BC1, 
10 ml water and 35 ml 30 volume H2O2 added. The 

mixture was then covered with a watchglass and heated to just below boiling 
point. One millilitre H 2 0 2 was added every hour until the organic matter 
was digested. The mixture was then evaporated to approximately 20 ml, 
filtered, and the filtrate diluted to 100 ml . 

Laboratory no. 18; The sample was digested in a Teflon dish, first with 
BCl, then with a mixture of BMO3, BClOv and HP 

(18:1:1), evaporating first to fumes of BClOi», then adding HP several times 
and evaporating to fumes after each addition. Ten millilitres of 1:1 BCl 
were then added and the mixture warmed, then cooled and diluted to 50 ml . 

Lai oratory no. 19; Two grams of sample were ashed at 550"C in a platinum 
crucible. The residue was taken up by boiling in 1:1 

BCl and the mixture diluted to 1000 ml . 

Laboratory no. 20: Twenty millilitres of "decomposing acid" (3:1 mixture 
of HNO3 and BClOii) were added to 0,5 g sample in a 

Phillips beaker. The contents were covered with a watchglass and allowed 
to simmer for 30 minutes. The watchglass was then removed and the mixture 
evaporated to dryness without allowing it to boil. Twenty millilitres of 
1:1 BCl were then added and the mixture warmed to "dissolve the residue". 
The mixture was then diluted to 50 ml in a volumetric flask. 
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Laborat-rfr no. 24; Ona gram of sample was weighed into a 2S • x 200 am 
pyrex test tuba. Ona Billi.li.tra of watar • 6 mt of 

HN0 3 wara than added. After I minute, tha tuba was placad in a micro 
Kjaldahl heating bank and laft to sismer for 20 ainutas, after which it was 
coolad and dilutad to SO ml in tha test tuba, than filtarad and dilutad as 
required (Thompson and Hegstaff, 1960). 

Laboratory no. 25 To 1 g of saapla was addad approximately 25 ml aqua 
regia. Tha mixture was evaporated until only a small 

volume remained. Tha aqua ragia addition was repeated and tha mixture 
evaporated to dryness. Approximately 10 ml of BC1 and soma da ionized watar 
wara than addad and the mixture warmed for 10 minutes, than filtered. Tha 
filtrate was diluted to 100 ml . 

Laboratory no. 35: Tha sample was treated with a mixture of HP, HMO3 and 
HC10* and evaporated to dryness in a platinum crucible. 

The residue was leached with 1:1 8C1 and filtered. The filter paper and 
residue were ignited and tha remaining residua was treated again with HP, 
HMO3, BClOi, mixture and leached and filtarad as before. The filtxatas were 
combined and diluted to a suitable volume. 

Laboratory no. 45: Fifteen millilitres HMD3 and 15 mt HC1 ware added to 
0,5 g sample in a 500 mt boiling flask. The mixture 

was boiled under reflux for 5 hours, then cooled and filtered. The filter 
paper and residue ware replaced in the boiling flask along with another 
15 ml HMO3 and 15 mt HC1, boiled under reflux for 1 hour, and then cooled 
and filtarad. The combined filtrates ware diluted to 250 at . 

Laboratory no. 49: Tha sample was digested with BJSOI, and B^Oj until 
"colourless". 

Laboratory no. 55: 3ne gram of sample was "dissolved" in 50 mi water, 5 ml 
SCI and 5 mí WO3. The mixture was boiled for 15 

minutes, then filtered, and tha filtrate diluted to 100 ml . 
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