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Effects of sample preparation and extraction protocols
on availability of metals in leaching dredged sediments
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Abstract: Sequential extractions provide strictly operationally defined results and are of
lesser value in evaluation of metal leaching from dredged sediments. Single extraction
with acetic acid is a reliable simplified technique and allows more rapid evaluations of
dredged areas of coastal lagoons in the Northern Adriatic.
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INTRODUCTION

Potential uses of dredged sediments have
raised questions about leaching of contami-
nants from such material once transported to
other locations and exposed to other environ-
ments. The available fraction, i.e. potentially
leachable to the surrounding environment
upon disposal, is referred as non-detrital frac-
tion. This value is lower than the total con-
centration, since the fraction of metals origi-
nating from the rock-producing sediment, i.e.

Table 1: The UNEP and SM&T extraction procedures

detritus, is usually not released through simple
leaching procedures (ALMEIDA ET AL., 2001).

In this work we compared the results ob-
tained with a single extraction with acetic
acid, proposed by the UNEP, and with the
original and the modified protocols of the
three-step sequential extraction procedure,
proposed by the Standards, Measurements
and Testing Programme (SM&T, formerly
BCR). The procedures were applied on the
certified reference material, CRM 601, and
are described in Table 1.

Fmcton/ Extractant used Extracted sediment components  Emvironmental condition that
IvE thod would release the metals
Acid soluble 25% waceticacid 16 h Exchangesble ions, catbonates,  Acidic conditions, like acid
(UNEF) easily soluble Fe and Ivin min or anasrobic conditions.
oxides, weakly bound to Shaort and long-term
orgenic matter availability.
Acid soluble, F1  0.11 MHOAc, 16 h Exchangeshle ions and Acidic conditions, like acid
(SMET) catbonates min or anasrobic landfill
Reducible, F2 Orig:0.IMNH,OHHCL pH 2  Iron-mangenese oxides Reductive conditions
(SME&T) (HNO,), 16 h
Modif: 0.5M NH,OHHCL, pH
15(HNG,), 16h
Oxidizable, F3 30% H,O,, pH 2 (HNOy), 2 h Sulphides/organics Oxidative conditions, like
(SMET) at 85°C, extracted with 1M during dredging
NH,OAC, pH 2 (HNG,), 16 h
Residual, F4 Mixture of HF andague egia.  Metals bond in crystalline
(SM&T) structures of the minerls
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In addition, we performed the sequential
extraction on wet and dried sediment samples
from dredging of the Skocjan lagoon, a part
of the Northern Adriatic, to evaluate the ef-
fects of sample preparation on metal avail-
ability and consequently on reliability of the
procedure in environmental risk assessment.
Sample preparation and metal determinations
were made under clean room conditions
(class 10000). All metal determinations were
made either by ETAAS using a Hitchachi Z-
8270 polarized Zeeman atomic absorption
spectrophotometer, or by FAAS using a
Varian Spectra AA 110 atomic absorption
spectrophotometer. Quantification was by
reference to calibration curves obtained us-
ing standards prepared in matrices matching
those of the samples. The accuracy of the
analytical procedures and the quality of data
for total metal determination were checked
with a certified reference material.

RESULTS AND DISCUSSION

Significant differences were found when the
original and the modified SM&T protocol
were applied, Figure 1. In each fraction, dif-
ferent amount of metals were extracted when
the concentration and pH of the extractant
was changed, suggesting that results pro-
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Figure 1: Comparison of the original and modified
protocol of the SM&T three step sequential extraction

vided were operationally defined and should
only be related to the protocol used and not
expressed as available, mobilizable etc.

A shift from less available to more available
fractions occurred in air-dried sediments in
comparison to field-moist samples, but great
spread of the results was observed due to less
efficient homogenization of wet samples,
Table 2. Repeatability and recovery relative
to total values were generally acceptable for
air-dried samples, but not for wet samples,
as also reported by some other authors
(DAVIDSON ET AL., 1999).

Considering that non-detrital (available) frac-
tion was the highest possibly potentially
mobilizable amount of metals, the preparation
of samples should ensure good reproducibil-
ity of the results. It was demonstrated that air-

Table 2: Effects of sample preparation on fractionation of metals and on the reproducibility of the results

Cu N Zn Fb
wet dried wet dried wet dried wet dried
Fi1 21207 2804 |75#9 05¢8 |61H09 7488 LOD LOD
F2 07405 1041 10747 127469 (23576  291£70 03402 13408
F3 187480 252467 | 20343 300£27 | 205879 318463 00436 20942
Fd4 206£7.1 242464 | 5447 5241 4445 4544 28447 1 167824
TSum | 421 5319|938 10SH2 | 94u2 1131 3848 3944
Buk |41 [l |107€0 274
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dried samples were far more homogeneous,
thus they yielded more consistent results. In
addition, the oxidized sediments are of par-
ticular importance in a biological context
(Luoma and Davis, 1983). While comparing
the ratio of leachable to total metal content for
air-dried and wet samples, it was demon-
strated, that drying/oxidizing of the sediment
influenced mainly the redistribution of metals
within non-detrital fraction, and did not influ-
enced significantly the total available amount,
i.e. sedimentary phases of all non-detrital frac-
tion, potentially leachable or available to biota.

In addition, significant differences between
the three procedures were observed while
comparing the UNEP procedure with the
cumulative amounts of the steps 1,2 and 3
of the original and especially, modified
SM&T protocol, Figure 2.

® EUNEP
£ 100 EBCR F1
g
s 80
8
0
& 60
=
é 40
20
Cu Ni Pb Zn
® EUNEP
g 100 MorigBCR, F1+F2
g 80 OmodifBCR, F1+F2
°
2 60
k=
& 40
20
0
cu Ni Pb zn
= EUNEP
£ 100 MorigBCR, F1+F2+F3
2 OmodifBCR, F1+F2+F3
§ &
8
°
)
ks
& 40
20
0
Cu Ni Pb Zn

Figure 2: Comparison of the UNEP procedure with
the original and modified protocols of the SM&T, ap-
plied on CRM 601
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The UNEP procedure yielded higher
amounts of extractable metals than F1 of the
SM&T procedure (upper figure) and higher
or relatively similar amounts to the cumula-
tive amount of the step 1 and 2, (F1+F2) of
the original protocol of the SM&T procedure
(middle figure), but significantly lower than
the cumulative amount of the step 1 and 2,
(F1+F2) of the modified protocol (bottom
figure). Due to vigorous reagents of the three-
step sequential extraction procedure, the
(bio)availability of metals and thus the risk
of leaching dredged sediments were consid-
erably overestimated. Alternatively, the frac-
tions of metals extractable with 25% acetic
acid satisfactory estimate the potential
bioavailability of metals in leaching dredged
sediments.

CONCLUSIONS

Sequential extraction procedures were found
strictly dependent on the protocol used and
induced a strong decline in reproducibility
of the analysis of wet samples. At present,
the UNEP procedure was considered to be a
reliable for the rapid evaluation of dredged
areas in coastal lagoons in the Northern
Adriatic, especially with regard to its sim-
plicity, speed and repeatability. Potential
mobility of Pb, Zn, Ni and Cu in the sedi-
ment samples investigated with acetic acid
extraction increased in the order
Cu<Ni<Zn<Pb.
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