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CADMIUM AND LEAD: DETERMINATION IN ORGANIC MATRICES WITH ELECTROTHERMAL
FURNACE ATOMIC ABSORPTION SPECTROPHOTOMETRY

OUTLINE OF METHOD

Experience has shown that atomic absorption analyses of lead and cad-
mium with pulsed-type graphite furnaces such as the Massmann design
(Massmann, 1968) often are subject to various kinds of serious matrix
interferences. Several authors, in particular L'vov (1976); Sturgeon
and Chakrabarti (1977); Gregoire and Chakrabarti (1977); Van den
Broek and de Galan (1977); Slavin and Manning (1979); Hageman et al.
(1979); and L'vov and Ryabchuck (1982), have explained both by theo
retical analyses and experimental measurements that many of the ob
served interference problems result in fact from the non-uniform tem
perature environment provided by the furnace.

A methodological approach apt to reduce deterioration of analyte re
sponse is the application of chemical separation techniques prior to
the determination step. Extraction of metal ions in the form of a
chelate by an organic solvent is one of the most suitable methods.

The solvent extraction procedure, described below, is based on the
following principle: metal ions are coordinated with 1,5-diphenyl
thiocarbazone ("dithizone") to form metal chelates which are then
transferred to an organic solvent (toluene). Several metals (Cu, Hg,
Ag, Zn, Cd, Pb, and Bi) are generally extracted simultaneously (Iwan
tscheff, 1972). Back-extraction with diluted acid (hydrochloric acid)
allows an improvement of the desired selectivity. Owing to a suffi
ciently large distribution coefficient (Rd value), smaller volumes of
organic solvent than the original sample volume (sample solution) can
be used. Thus, a considerable gain in concentration can be achieved
in addition to the separation of the desired elements from the inter
fering sample matrix.

For levels of cadmium and lead often encountered in natural biolog
ical materials in the marine environment (i.e., for the levels at the
ng/g level) contamination and losses represent significant sources of
systematic errors (Zief and Mitchell, 1976; Tolg, 1972, 1974, 1979;
Tschopel et gl., 1980; Stoeppler et al., 1979). Analyses at low con
centrations within predictable error limits are only feasible if cer
tain principles as postulated by Tolg (1979) are followed:

"In the measurement of extreme trace quantities, the size
and variability of the blank can be reduced by carrying out
the essential operational steps in a reaction room in as
rapid a sequence as possible and also with a minimum surface
exposure to the reagents.

"All vessels used must, as far as possible, be of materials
(quartz, PTFE, graphite of high purity) that exclude any ad
sorptive or reactive effects (adsorption losses, contamina
tion by desorption of impurities).
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. "The optimum conditions for decomposition and further analy
tical steps are a favourable ratio of the sample amount to
surface area and only a small excess of reagents which can
easily be purified.

"All possible contamination through the air 1n the labora
tory should be minimized."

With special regard to these principles, a multi-stage analytical pro
cedure has been worked out, which is illustrated in Figure 1.
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The method is ap~8to the_~etermination of cadmium and lead in the
trace range < 10 to 10 moles/kg, i.e., at the ng/g level. The
application of analytical data for a variety of purposes may require
differing ranges of analytical certainty. Hence, the actual range for
quantitative element determination depends on the obtained and toler
able error, respectively (compare also paragraph 3).

3 PRECISION

A control of the reproducibility of the method, based on replicate
(n ~ 20) analyses of different fish liver samples, produced the fol
lowing results (all data in ng/g).

Cadmium Lead

Element cone. s.d. r Element cone. s.d. r
determined determined

6 i1.2 3.5 32 ±6 18
68 i5 15 180 ±13 38

110 ±7 21 380 ±21 62

s.d. = standard deviation, r = s.d. x t(95) x 12.
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4 INTERFERENCES

Nitrogene oxides produced in sample digestion form powerful oxidants
which have deleterious effects on the chelating reagent (formation of
non-complexing yellow to orange-red oxidation products). It is there
fore necessary to use an adequate excess of dithizone in order to com
pensate reagent deficiency caused by oxidation.

There are considerable differences in the affinity between "dithizone"
and various metal ions (Iwantscheff, 1972). As a consequence, kations
forming strong dithizone chelate complexes tend to substitute (dis
place) kations from weak dithizone complexes.

However, kationic interference is probably not a major concern in a va
riety of natural biological materials in the marine environment. Most
of these samples do not contain significant amounts of elements which
inhibit the chelate complexing of the analytes we are concerned with.

Low extraction rates can be obtained when precipitates of alkaline
earth phosphates act as trace collector (adsorption losses). Precipita
tion of phosphates is prevented by adding a masking reagent (citrate)
to the sample solution.

5 EQUIPMENT

Clean bench which meets the requirements of US federal standard 209b,
class 100.

Pressure decomposition equipment accor?ing to Kotz et £1. (1972) with
10-ml PTFE (teflon) digestion vessels.

Ten-ml quartz reaction vessels with polypropylene caps.2

Microlitre piiton pipettes with disposable polypropylene pipette tips
(colourless) ..

1A variety of instruments specially designed for acid decomposition in
closed PTFE vessels under pressure and high temperature (pressure decom
position) are describerd in the literature (e.g. , Bernas, 1968; Holak
et al., 1972; Kotz et al., 1972; Stoeppler ;:t.nd Backhaus, 1978).

The large range of systems available permits the handling of practi
cally any sample quantity required for analysis in the laboratory. For
the inexperienced investigator, however, it is important to note, that
the properties of teflon can vary considerably. Contamination due to de
sorption of impurities from the inside vessel surface may particularly
pose problems. Therefore, it must be strongly recommended that each I?TFE
digestion vessel which is used for trace cadmium ann lead analysis be
checked beforehand on its suitability for the purpose desired. In most
instances, unused vessels can be properly cleanedothrough a repeated
treatment with high-purity HNO (10 mol/i) at 160 C in the closed system.

3

2 In order to minimize contamination, quartz reaction vessels and poly
propylene pipette tips are to be washed repeatedly in HMO (10 mol/l)o
further to be rinsed in double-distilled water, and to be3 dried at 60 C.
They should then be stored under dustproof conditions.
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Atomic absorption spectrophotometer equipped with background corrector
and a heated graphite furnace for electrothermal atomization.

6 REAGENTS

Nitric acid, 10 mol/I, high-purity grade,3 diluted nitric acid, 1.0

mol/I.

Hydrochloric acid, 10 mol/I, high-purity grade,3 diluted hydrochloric

acid, 5 mol/l and 0.5 mol/I.

Ammonia, 13 mol/I, high-purity grade,3 diluted ammonia, 2.6 mol/I.

Double-distilled water.

1,5-diphenylthiocarbazone ("dithizone"), C13H12N4S, 256.33 g/mole,
-3 4dithizone/toluene, 3 x 10 mol/I.

di-Ammonium hydrogen citrate, C6H14N207' 226.19 g/mole, di-ammonium

hydrogen citrate/diluted ammonia, 2 mol/I. 5

7 SAMPLE PREPARATION, DISSECTION

When handling tissue samples directly (e.g., fish muscle or selected
organs), the main source of error is contamination from air particles
and metallic tools. Therefore, clean working conditions (clean bench)
must be maintained during dissection and sample preparation. Properly
cleaned dissecting instruments (glass- or quartz-knives) have to be
used.

A precise description of suitable subsampling and handling procedures
in trace analysis and of appropriate tools to be used is given in

3High-purity acids and ammonia are commercially available. However,
in the case of storage over a long time, as a rule these products do
not meet the standards which are required for extreme trace analysis
because desorption of impurities will proceed from the container sur
face without control. The only way to be sure of the purity of rea
gents is to check them regularly or to clean them, possibly by sub
boiling distillation as described by Kuehner ~ al. (1972).

4The dithizone/toluene solution is purified immediately before use by
replicate extraction with diluted (5 mol/I) hydrochloric acid. Dithi
zone disintegrates under the influence of light, forming yellow to
orange-red oxidation products. Therefore, the solution should be
handled in dimmed rooms and stored under light-tight conditions.

sPurification of citrate/ammonia solution is achieved by replicate ex
traction with dithizone/toluene.
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Anon., 1979. Reference is also given to the previously mentioned
treatise by Zief and Mitchell (1976). Dissection of tissues and
weighing of subsamples should be performed as soon as possible after
sampling to minimize error sources due to loss of moisture. If sam
ples are frozen for transportation or storage, a loss of moisture can
be avoided if the material to be analysed is semi-thawed before dis
secting the tissue and weighing the subsamples. In the case of fish
tissue analysis, additional precaution is necessary to minimize the
transfer of heavy metals in the mucosal slime of the epidermis to the
interior tissues during dissection (Chow gt al., 1974).

8 CALIBRATION (standards for determining the instrumental response as
function of the given analyte concentration)

Standard stock solutions of 1 9 cadmium and lead per litre are pre
pared using diluted (1.0 mol/I) nitric acid. From the stock solutions,
working standard solutions for calibration purposes - usually contain
ing 10 to 100 ng Pb/ml and 1 to 10 ng Cd/ml - are prepared with di
luted hydrochloric acid (0.5 mol/I) as solvent immediately before use.

9 REAGENT BLANK

The size and variability of the blank (xb +3 sbl) introduced by rea
gents, laboratory air, and by desorption from vessel material amounted
to 1 ng Cd/g and 5 ng Pb/g.

10/11 PRETREATMENT OF SAMPLE AND ANALYSIS OF SAMPLE

A suitable sample amount (0.5 g wet weight) is transferred into a
teflon digestion vessel and the necessary quantity (0.7 ml) of high
purity nitric acid is carefully added. The vessel is placed into the
stainless steel jacket, which is sealed with a screw cap.

The unit is slowly (ramptime 60 min) heated up to about aODC r con
trolled by a t~ermocouple, then heated with rapidly rising tempera
ture up to 140 C (ramptime 45 min). The system is held at this tempe
rature for another 120 min. The screw cap is untightened when the
unit has been cooled down to room temperature. Caution! Fumes of ni
trogen oxides will be expelled. Therefore, the use of a fume cupboard
is absolutely necessary.

The sample solution is transferred together with double-distilled wa
ter (2-3 ml) into a 10-ml quartz reaction vessel. After adding ci
trate/ammonia solution (1 ml),6 the pH of the mixture is adjusted to

6Citrate/ammonia acts as a buffer and simultaneously prevents preci
pitation of phosphates. The actual amount of citrate/ammonia solution
required should be tested in separate experiments. In most instances,
2 ml citrate/ammonia solution per gram of sample (wet weight) is suf
ficient.
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about 8.5 by addition of ammonia (0.4-0.6 ml).7 Solvent extraction is
then performed with dithizone/toluene solution (1.5 mll.

After vigorous shaking for 5 minutes, the phases are allowed to sepa
rate and a specific quantity (1 ml) of the supernatant organic phase
is introduced into another quartz reaction vessel by means of a micro
litre piston pipette.

Back-extraction follows by shaking for another 5 minutes with diluted
(0.5 mol/I) hydrochloric acid (1 mll. The hydrochloric acid phase is
submitted to quantitative determination of cadmium and lead by elec
trothermal atomic absorption spectrometry.

12 CALCULATION OF RESULTS

The cadmium or lead concentration C (ng/g) in the organic sample is
calculated by the following equation:

C =
(V

01
/VOZ ) x Va x c

W
(ng/g) .

Vo1 = volume of organic phase (ml) used for solvent extraction of the
sample solution,

V = aliquot af VOl (ml) used for back-extraction,
02

V = volume of acid stripping solution (ml) used for back-extraction,a

c = cadmium or lead concentration (ng/ml) measured in the acid
stripping solution,

W = sample amount (g) used for pressure decomposition.

7The amount of ammonia required for neutralization and pH adjustment
is dependent on the actual excess of acid after pressure decomposi
tion. Small pH variations in the range between 8 and 9 do not signi
ficantly influence the extraction yield. If the pH exceeds the value
of 9.5, the conditions of quantitative extraction cannot be fulfilled
because dithizone, on account of its dissociation, passes to a large
extent into the aqueous phase.

sAn excess of chelating reagent is guaranteed if the organic phase
has an intense green colour. A change in colour (brown or orange-red)
indicates reagent deficiency. Solvent extraction with an increased
amount of dithizone/toluene is required. possibly several extracts
can be combined.
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