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A COMPARISON ON FIVE SEDIMENT
DECOMPOSITION PROCEDURES
FOR DETERMINING ANTHROPOGENIC TRACE
METAL POLLUTION

GIANPIERO ADAMI, PIERLUIGI BARBIERI and
EDOARDO REISENHOFER®

Department of Chemical Sciences, University of Trieste, Via Giorgieri 1, 34127 Trieste,
Italy

(Received 4 October 1998; In final form 9 February 1999)

Five different procedures of sediment decomposition were compared, for evaluating the one more
appropriated for assessing anthropogenic metal pollution. Exchangeable-metal extraction in sodium
acetate, weak extraction in hydroxylamine hydrochloride/acetic acid, moderate extraction in diluted
hydrochloric acid, oxidising strong acid digestion and total decomposition with hydrofluoric acid
were tested. The mildest sodium acetate attack, which gives also better account for the bioavailable
metal fraction, is the more effective in enhancing differences between polluted sediments and nonpol-
luted ones. Copper, lead and zinc are the best indicators of trace metal pollution of surface sediments.

Keywords: Sediment decomposition; polluted sediments; metal pollution

INTRODUCTION

For determining trace metal concentrations in marine sediments, it is necessary
to dissolve the samples by a chemical attack: the more current procedures are the
following: i) total decomposition by hydrofluoric acid, ii) strong acid digestion,
and iii) weak acid extraction.[!] The choice of the attack procedure is settled by
the information required to the analyst: i.e., the geochemical characterisation of
the sediments does require a hydrofluoric acid attack giving the total content of
each metal, while the assessment of the degree of trace metal pollution to whom
the sediment dwelling organisms are exposed can be better obtained by a milder
attack. The total HF-attack allows to assess the accuracy by analysing certified
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reference materials. This attack is the most effective because: it dissolves the sili-
cate lattices: the so released metals, also defined as “residual” metals,m have
natural sources (rock erosion, weathering, and so on); the other attacks do not
dissolve the lattice-held metals, but only the “non-residual” metals which are less
or more bounded/absorbed to the sediments: these metal fractions are likely due
to more recent inputs in the sediments, mainly from anthropogenic sources. The
noxious effects of the trace metals on the marine organisms are not necessarily
proportional to their total content in the sediments (where they are accumulated
as very low soluble compounds): the very smaller “bioavailable” fraction has
more environmental relevance.

For assessing the pollution of sediments it is more appropriate an analytical
procedure which enhances the difference in trace metal contents between the
examined sediment, suspected of pollution, and a nonpolluted (or very low pol-
luted) sediment, to be considered as a background sample‘m In this report we
discuss and compare the results of the five different single decomposition-extrac-
tion procedures: the chosen procedures ask for both precision and simplicity, for
detecting the non-residual metals. The Sequential extraction procedures (SEP)
proposed by BCR! are rather intended to define the different bioavailable frac-
tions of metals in sediments. This approach, studied by several authors,5-71 is
beyond of our purpose.

In the present paper we chose the following procedures of increasing strength:
“exchangeable-metal” extraction in sodium acetatc;[gl weak extraction in
hydroxylamine hydrochloride-acetic acid,l?19 moderate extraction in dilute
HCL21112) oxidising strong acid digestion in HNO3-H,0,-HCI04;!'?! and total
decomposition in HF-HNO3.“] We applied these procedures to determine cop-
per, lead, cadmium, zinc, chromium and nickel in marine sediments sampled in
the inner harbour of Trieste (North-eastern Italy), an area with intense industrial
and shipping activities, where profound depletion and alterations of the benthic
fauna were observed.[!4]

EXPERIMENTAL

Sample collection

Surface sediments were collected in October 1995; a Van Veen grab sampler was
used, taking samples of about 0.2 m? and penetrating up to a depth of about
15 cm, at seven sites (labelled in Figure 1, from 1 to 7) along a transect of about
2.5 km going from the shore towards the dam-line closing the inner harbour of
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Trieste. The samples were cooled (4°C) for transport in laboratory, where the
coarse material (>2 mm) was removed. The freeze dried remaining material was
homogenised and sieved: the fraction <200 um (15] was used for analysis. All the
steps preceding the chemical analysis were detailed in previous works.!!416]

Trieste

FIGURE 1 Seven sample sites in the harbour of Trieste

Sediment decomposition procedures

The weighted dry sediments were suspended in the respective attack solutions,
thereafter listed in order of increasing strength from (a) to (), and stirred at room
temperature (attacks a, b, ¢) or heat digested by a programmed Milestone
MLS1200 microwave System (attacks d, e). The sample amount depended on the
expected metal concentrations: the weakest attack (a) needed about 2.0 g of dry
sediment sample, but only 0.2 g of sample was sufficient for the strongest attack
by HF (e). The so obtained suspensions were centrifuged, the decanted solutions
were filtered and made up to 50 mL with ultrapure MilliQ water, and then trans-
ferred in polyethylene bottles for storage before analysis. The ratios between dry
sediment weights and chemical reactants (all of analytical grade) were as follow
for the five decomposition procedures:
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a. “exchangeable-metal” extraction:[8] 2.0 g of dry sediment were stirred for
1 hour in 16 mL of sodium acetate 1 M (pH 8.2);

b. weak extraction:[>1% 2.0 g of dry sediment were stirred for 6 hours in 40 mL
of a 0.04 M solution of hydroxylamine hydrochloride in acetic acid (25% v/v);

c. moderate extraction:(%11121 2,0 g of dry sediment were stirred for 16 hours in
20 mL of HC10.5 M;

d. oxidising strong acid digestion:m] 0.5 g of dry sediment were suspended in
3.0 mL of HNO; (65%), 0.1 mL of H,O, (30%) and 0.1 mL. of HCIO,
(70%); this suspension was microwave heated in Teflon vessels;

e. total decomposition:[11 0.2 g of dry sediment were suspended in 2 mL of HF
(48%) and 2 mL of HNO; (65%), and microwave heated in teflon vessels;
0.5 g of boric acid crystals were then added to the cooled solutions.

Analytical measurements

All solutions obtained by the five decomposition procedures were analysed by
flame atomic absorption spectroscopy (FAAS): a spectrometer Varian
SPECTRAA20 was used. The metal concentrations of copper, lead, cadmium,
zinc, chromium and nickel were evaluated by using calibration curves obtained
with multielement standard solutions. A decomposition blank, constituted by the
reagents used through each decomposition procedure, was used for preparing the
working standards, in order to compensate the matrix effects.[!) Cadmium con-
centration was very low in some cases; consequently, we have analysed all the
samples in parallel for cadmium by differential pulse anodic stripping voltamme-
try (DPASV).[17:18]

Each sample was measured in triplicate: a relative standard deviation (RSD%)
between 5 and 10% was obtained in our working ranges. The accuracy was veri-
fied for the total decomposition procedure (e¢) by using a certified reference
material (BCSS-1, Marine Sediment Reference Material for trace metals and
other constituents, by National Research Council Canada).

RESULTS AND DISCUSSION

‘We have determined Cu, Pb, Cd, Zn, Cr and Ni in each of the 7 samples collected
along the transect (see Figure 1); the metal content values obtained by the five
decomposition procedures reported in the Experimental Section (from a, the
weakest, to e, the strongest) are listed in Table I. For the sake of comparison, the
values obtained from BCSS-1 are reported in the last line (certified values for
procedure e are in brackets).
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The extracted fraction of trace metals depends not only on the decomposition
procedure, but on the specific metal element; the matrix effect has minor influ-
ence: we have verified that all samples have similar grain size and mineralogical

composition.

The histograms of Figure 2 show the recovery percentages for the 6 metals, as
obtained by the four milder attacks (a-d), referred to the HF-attack (e). We can
distinguish between copper, lead, zinc and cadmium on one side, and chromium
and nickel on the other side. In fact, Cu, Pb and Zn give high recoveries also by
the milder attacks, whereas Cr and Ni give recoveries below 20% also by strong
oxidising acid attack. Owing its very low concentrations, Cd gives good recover-
ies only with attack d: attacks a and b give data below the limit of detection.
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FIGURE 2 Recovery percentages for the 6 trace metals as obtained by a, b, ¢, d attacks, referred to

the total HF-attack
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It is now interesting to find out which of the five procedures is most effective
in enhancing the difference in trace metal contents between a polluted sediment
and a nonpolluted one considered as a background. The trace metal concentration
data reported in Table I show - only for Cu, Pb and Zn — a decreasing gradient
going from the shoreline towards the more external sites, near the dam-line; so
we can consider the shoreline (Site 1) as a point-source of metal pollution, and
the remote Site 7, with the lowest metal contents, as a background. We have
computed the ratios (R):

_ metal content _ metal content
R in polluted sediment — in background sediment

metal content in background sediment

for the Sites 1-6 (taking Site 7 as background), using the metal contents obtained
by the five attack procedures (a-e).
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FIGURE 3 Copper R-values obtained by five attacks (a-e) on sediments of different sites (from 1 to 6)

Copper, lead and zinc are the metals with the highest ratios, reflecting the dif-
ference in trace metal contents between the polluted sediment and the back-
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ground; on the other side, we found again chromium and nickel with very low
ratios: ie., these latter metals are not able to differentiate polluted sediments
from nonpolluted ones.

We have plotted R-values as histograms (see Figures 3, 4 and 5), focusing our
attention on the three “indicator” metals, namely Cu, Pb and Zn, that better allow
to detect the anthropogenic metal pollution in sediments.

4.0

3.0

x 20

1.0

0.0

attack

FIGURE 4 Lead R-values obtained by five attacks (a-e) on sediments of different sites (from 1 to 6)

It can be interesting to evaluate the effectiveness of the 5 decomposition proce-
dures in determining the anthropogenic metal fraction: the histograms show
clearly that the mildest procedure (a) results as the more effective for evaluating
the pollution degree of a sediment, although it gives very dilute solutions. For
lead, both procedures a and b have the same capability. It is worth noting that
simply stirring the sediment for 1 hour in 1 M sodium acetate we are able to
detect concentrations of Cu and Zn in Site 1 (the most polluted) that are 40 times
higher than in the external Site 7, taken as background. Furthermore, this extrac-
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FIGURE 5 Zinc R-values obtained by five attacks (a-e) on sediments of different sites (from 1 to 6)

tion procedure, using a solution at pH 8.2, is the one that better mimics the condi-
tions that produce the bioavailable metal fraction, affecting the life of the benthic
environment.

CONCLUSIONS

The main purpose of this study was to verify which sediment decomposition pro-
cedure is more suited for assessing the degree of trace metal pollution, in a pre-
cise and simple way. The intercomparison of the analytical data obtained by five
decomposition procedures of increasing strength allows us to conclude that the
mildest attacks are the most effective in enhancing the difference between pol-
luted sediments and nonpolluted ones in terms of their trace metal contents. At
the same time, the so obtained metal content values give a better account for the
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bioavailable fraction, and, as a consequence, on the toxicity of the sediments for
the benthic organisms. Between the here considered trace metals, copper, lead
and zinc are the best “indicators” of trace metal pollution for these surface sedi-
ments.

We intend the mild “exchangeable-metal” extraction as appropriate for envi-
ronmental monitoring of areas suspected of pollution, that requires to analyse
many samples, with constraints of cost and time; and we have planned to extend
the samplings to a grid of sites in the harbour of Trieste, on the purpose to verify
possible different sources of metal pollution.
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