
Comm. Appl. Biol. Sci., Ghent University, 86/3, 2003
71

PATTERNS OF METAL RELEASE IN
AGED AND RECENT DREDGED SEDIMENTS

DURING PHSTAT LEACHING

VALERIE CAPPUYNS1, RUDY SWENNEN1, JOZEF DECKERS2

1Fysicochemische Geologie, Katholieke Universiteit Leuven, Celestijnenlaan 200C, 3001 Heverlee
2Laboratorium voor Bodem- en Waterbeheer, Katholieke Universiteit Leuven, Vital

Decosterstraat 102, B-3000 Leuven

1. INTRODUCTION AND OBJECTIVES

Predictions about mobility and availability of heavy metals in soils and sediments on
long term are difficult to assess with direct measurements. Soil pH is one of the key
parameters controlling heavy metal behaviour in soil. A lowering of pH, changing
redox conditions, the formation or degradation of organic complexes and increasing
salinity are the main factors that can influence heavy metal mobility and bio-
availability in sediments.  In dredged sediments, soil pH and pH changes on their
turn are influenced by the acid neutralizing capacity (ANC) and acid producing
capacity. The present paper compares the patterns of heavy metal release during of
pHstat leaching tests performed on aged sediments (disposed on land between 10 and
70 years ago) and sediments that were disposed on land more recently (2 and 3 years
ago). Special attention was paid to the kinetics of metal release and the mechanisms
responsible for metal release during the pHstat leaching tests. The mathematical de-
scription of leaching behaviour was a valuable tool to distinguish between pools of
metals with a different mobility.

2. MATERIALS AND METHODS

10 dredged sediment samples, originating from the Leie and Schelde rivers, with
different time since disposal on land, were selected for a detailed investigation about
the influence of pH on heavy metals and metalloids mobility with pHstat leaching
tests. According to the time of disposal, the sediments were grouped in 3 categories:
• Group I: Sediments that were deposited on land more than 10 years ago (between

1930 and 1990). A previous study (Cappuyns et al., 2004) showed that the pat-
tern of metal leaching was independent from time since disposal. The same
leaching patterns were found in sediments disposed between 70 and 10 years.

• Group II: Sediments that were dredged in 2000 and after dewatering the sedi-
ments were disposed next to a dike. In 2001 they were used to heighten the
dike.

• Group III: Sediments that were dredged in 2000 and immediately after dewater-
ing they were used to build dikes

The pHstat experiments were carried out with an automatic multititration system
(Titro-Wico Multititrator®), at pH values of 2, 4 and 6 and at a liquid/solid ratio
(L/S) of 10. At regular time intervals (0, 0.5, 1, 3, 6, 12, 24, 48, 72 and 96 h), a sam-
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ple of the suspension was taken over a filter (Acrodisc 0.45 µm) by means of a
seringue attached to a flexible tube (For details on the methodology see Van Her-
reweghe et al., 2002). The concentration of the titration solution was adapted to the
set-point pH (pH 2: 2.5 N, pH 4: 1 N and pH 6: 0.25 N) and the interval of pH-
acquisition was set to 200 s (Cappuyns et al., 2004). Concentrations of Mg, Al, P, K,
Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Cd, Ba and Pb were measured by ICP-
MS (HP 4500 series). Sample duplicates were used for quality assurance of the
analytical data. In the final leachates, dissolved organic carbon (DOC) was meas-
ured with a TOC analyser (Skalar FormacsHT TOC analyser) and sulfate was meas-
ured by turbidimetry.

3. RESULTS AND DISCUSSION

3.1 Patterns of metal release

Leaching of heavy metals as a function of time shows an asymptotic behaviour for
most elements (Figure 1). The leaching of metals upon acidification is the result of
desorption of cationic metals from cation exchange sites and the dissolution of solid
soil compounds such as oxides and carbonates. The release of As, P and Ba however
is characterized by a maximum after 6-12 h, after which concentrations in the
leaching solution decrease.
The cumulative release of an element (m) as a function of time during pHstat leaching
tests can be described as the sum of two independent first-order reactions (Schwarz
et al., 1999): RLm = RC1(1- exp(-r1t)) + RC2(1- exp(-r2t)) 
RC1 and RC2 can be considered as two dominant buffersystems or sinks for heavy
metals from which elements are released with a different rate, ri is the rate coeffi-
cient of the buffer system i [h-1] and t is the time after starting the titration. It has to
be noticed that the two ‘buffer systems’, ‘sinks’ or ‘pools’ are only operationally
defined and that they are not necessarily related to classical soil components.
Mathematical description of leaching behaviour in pHstat test titrations enabled to
distinguish between groups of elements with a similar leaching behaviour. These
different types of leaching behaviour could also be interpreted in terms of ‘pools’ of
different reactivity. Four different patterns of element release could be distinguished
(Figure 1):

• Type 1: elements are rapidly released at the beginning of the experiment (e.g.
Mg, Na, K); the labile pool is by far dominant and likely related to cation ex-
change reactions

• Type 2: some elements display an initially rapid release, followed by a slow but
substantial release in the final stage of the experiment. The labile pool is more
important than the slowly labile pool (RC1 > RC2).  This pattern is typical for
the more mobile metals in the soils (Cd, Zn, Ni) that are easily desorbed upon
acidification or indicates the dissolution of poorly stable solid phases (e.g. car-
bonates)
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• Type 3: elements are released more slowly. In this case, the slowly labile pool is
more significant than the labile pool (RC1 < RC2). This release pattern points to
the desorption of elements that are more strongly bound to soil constituents (e.g.
Pb, Cr, Cu and Co) or to the slow dissolution of solid phases such as Fe-oxides.
Sometimes, the release was linear as a function of time or could be described
with only one exponential equation (r1 = r2).

• Type 4: some elements exhibit readsorption (As, P, which occur as anions in
soil) or precipitation behaviour (e.g. Ba precipitates as BaSO4).

Figure 1: Illustration of the different patterns of metal release observed during pHstat

leaching tests and the mathematical description of metal release from 2 buffer sys-
tems or sinks (RCi)

3.2 Metal release in aged versus recent sediments

Generally, similar patterns of metal release were observed for the sediments of the
different categories. However, in the sediments of group I, Cu displayed a linear
release at pH 4 in the sediments of group II and group III while an exponential re-
lease was observed in the sediments of group I.  Another important difference was
noticed for the leaching of Fe (Figure 2). Although all samples had similar total Fe-
concentrations (2-4%), a distinction between the 3 groups of sediments was apparent
on the basis of the leaching pattern of Fe (pH 2) and total Fe-concentrations leached
(pH 2, 4 and 6). In the sediments of group I and group III, Fe displayed a leaching
behaviour according to Type 3, while the sediments of group II were characterized
by a Type 2 leaching pattern. According to Xie and Dunlop (1998), the patterns of
dissolution of synthetic and natural Fe-oxides and the rates of element release from
synthetic Fe-oxides in acid solutions is strongly influenced by mineralogy.
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Concerning total Fe-concentrations, at pH 4 and 6 approximately 10 times more Fe
was released from the most recently disposed sediments (group II and III), compared
to group I. At pH 2, Fe leachability decreased according to: group III > group II >
group I (Figure 2). The higher leachability of Fe in the most recent sediments can be
attributed to a lower crystallinity of Fe-oxides because of a different ripening status
of the sediments.  Although Fe-oxides are more easily dissolved in the more recent
sediments, Cu is leached more slowly, suggesting that other processes determine the
leaching of Cu.  For example, more research is needed on the influence of aging on
organic matter and dissolved organic carbon.

Figure 2: Release of Fe at pH 2 from the sediments of group I (X), group II (G) and

group III (W)

4. CONCLUSION

During pHstat titrations on dredged sediments of different age since disposal on land,
4 types of metal leaching behaviour were observed. For most elements, leaching
patterns in aged and recent sediments were very similar, except for Fe and Cu. Dif-
ferences in the amount of Fe released and the leaching patterns of Fe in recent and
aged sediments were attributed to differences in crystallinity of Fe-oxides. However,
other processes probably explain the different leaching pattern of Cu in aged and
recent sediments.
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