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ABSTRACT

During the construclion of 2 New Bridge over the Tagus eanary 2.5 million tons of sadiments were dredged,
parl of this quantly being conamingwed materdal, The exension and ntenzity of the water orhidity
associated with dredging operating varicd with the tudal condirons but the resuspended material coliected
near the bucket dredper did ool present a concnetratign imceemcent in metels and PCB, when compared 1o the
esluarine suspended sodimeniz. The calculated distribution coefficients suggest that some contaminants in
solids pear M diedger were not i equilibeum with the water, A 24-hoor laboraiory  experiment
demonsrated the complexity and quickness of anoxic sediments vaidation, Tn such a short peried of ime
mietais in the solids change their fractictation. A sccond leboctory zimulation showed thar muoseels
accumylate metals and PCB cunpeners when placed in turbid acrated warer. @1 1998 LAaWG. Fublished by

Flievicr Science Ioid
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INTRODUICTION

Diredging hus been an increasing activity in sstuarine and lagoon environments. Althongh being 4 crucial
operation for the mainlenance of navigational channels and for some enginecring works, the dredging of soft
mugl may create environmenizl problems {Donze, 1990 Resuspension of bortom seédiments leads o an
increase of watar tarbidicy (Colling, 1990), and contaminants may be remobilized during the oxidation of
anoxic scdiments (Wollast, 1990), The environmental alterations may be specific for each ecosysietn dve to
the degres of sedimernd contamination, historical evolution of contamination, physical aspects of the system
and bioclogical characteristics of the arca. The methodology to study the environmental impacs should, thus,

be adaptad te the ecosystern conditions,

The Tagus estuary is one of the largesi estuaries in Europe (320 kim?). It is a mesotidal environment with
several channels and islands, a commercial harbour, and muitiple industries in its margins. Scveral

25


https://core.ac.uk/display/153405574?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

25 TC.VALE #i gl

contaminants are rejected into the estuary, incorporated in the sediments and dispersed in the water eclumn
(Vale, 1390}, The areas in the vicinity of the harboar has been dredged snnually by the Port Authority {Vale
ef af., 199), but the amounts inercased ap to 2.5 million of tons with the dredging of a trunsversal channe],
during the constction of a Mew Bridge over the Tagus esoiary.

In this paper we report (i) the alterations of water turbidity during & dredging operation, {ii) the metal and
PCH concentrations in the suspended estuarine sediments and material resuspended by the bucker dredger,
and (iii} the results of tweo laboratary experiments that simulated the oxidation of contaminated anoxic
sediment and the bioccurnulation of contaminants n the mussel Avrilus palloprovincialis.

METHODS

Water has been sampled at station T located in one main channel of the Tagus estbary crossed by the New
Bridge Vasco da Gama and at station [D around a bucket dredper working, Samplcs were taken at Low- and
high-tide during a spring tide, at surface and bottom. Water was filtersd through 045 pm Nuclepore
membrancs and the suspended sediment voncentralion was determined gravimetrically. The water murbidity
was measured fr ositu with Y51 probe at the station D over several periods of o neap and a spring tide.
Measursments were done at six sites within a distance of approximately 100 from the dredger.

The concentration of Zn, Ph, Cd and g was determined in suspended sediments after a total acid digestion
of the samnles. The anatytical procedures is deseribed in Vale (1990) and Pereira et af. (1995). The PCB
congencrs {IVPAC no, 26, 138 and 180) were analysed in the same tnaterial after Soxhlet oxiraciion and
Flenisil clean-up, by gas chvomatography, as described elsewhere (Ferreira and Vals, 1993).

An acration cxperiment was carried out in the laboratory with anoxic scdimenl [rom a contaminated zone
nearby the slation . Sediment was mixed with sea water (1:10) and acreled for 24 hours. Water and
seditments were faken from the slury at the [oliowing periods: 0, 20, 40, £0 minutes, 2, 4, 7 and 24 hours.
Total dissolved Fe, the reactive insoluble sulphides (AVS) and the simultancously extreted T4 and Pb
(SEM), and lofa]l concentrations of Cd and Pb were analysed following the procedures described in
Madureiva #f 2l (1994} and Cactano ef @l (1943}, in addition, a bicacenmulation experiment With Mytifus
galloprovincialis was performed. The mussels were placed in rwo acrated lunks, ene with the dredged
contarminated fsediment (contaminated tank) and another conlaining only water {contol tank). The
experiment run for 40 days and the mussels were daily fed with an algae cocktail. At days 0, 1, 3, 5, 10, 14,
21, 30 and 40, ten ipdividuals from each tank were collected and composile samples of the soft pans were
analysed for metals (Fe and Cd) amd PCB congeners (IUPAC no. 138 and 180). Metal and PCB congeners in
mussels were delermined as described in Ferreira et al. (19907,

RESULTSE AND DISCUSSION

In a previous work it has been shown that tothidity in the Tagus estary vanes with the tidal amplitades: at
springest tide, turrents near the bottom are sufficient siyong to erodo the sediment topmost layer and
considerable amoums of sediments are capunded in the water column; at the neap tide the curmeots are
weaker, the stack water periods ure longer, and there is time to seutle the targer particles resuspended during
the antccedent spring tide {Vale and Sundby, 1987). The (uchidity caused by the drecging of a transversal
channei along the Mew Bridge is also highly influsnced by the tidal conditions (Figure 1). Al neup tide, the
turbidity values reached 320 NTLI, % meters around the vessel, but at 100 meters distance vajues were
gitnilar to ither undismrbed esmiarine areas (11-20 NTU). The murbidity distritmtion changed when the tidal
currants were stronger, particularly at floed and #bb periods of spring tide. The range of turbudity vajues was
narrcwer (fram 41 (o 160 NTLI} and differences between the dredging area snd other parts of the estary
were almost undetectad. These observations indicate thatr dredging resuspends material that remained in
vicinity at ncap tide, but they sre disscminated in larger areas when currents are stronger. At these conditions
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ahicrations are hardly observed because disseminetion is masked by the naturally nerbidity increment existing
at spring tide,
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Contaminants in suspended sedimenty

Since dredping causes resuspension of anosic sedirnents, chermnical composition of the suspended load was
investigated. The mean concentrations of Zn, Cd, Ph, Hg, TB26, CB138 and CB 180 and standard devialion
in suspended sediments around the dredging vessel () and a nearby estuarine area (CN) arc presenicd in
Figurc 2. The vuluss comespomd W deplh-integrated low- and high-tide concentratlons. In general, levels
were lower near the dredgere (1Y) than at the station CN, which means that dredging operations in this
environmenl did oot caused an increase of contaminants in the suspended load composition. The biggest
differenees were recordad for the CBs, the concentrations in the dredged resuspended material () heing, on
the average, only 50% of the values recorded in the suspended sedimednls at stafien M. For metals the
dilTerences weres less steiking, hut the pattern was maintained. These results may be considered unexpected
and. in certain aspects, are illusory of no environmental impacts during dradging operations.
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Figure 2. Comparison of pean suspended sediment composition and standard deviation for Zn, Cd, Ph. Hg (ug g 1}.
CHZ6, CH138 and CRIED (ng ¢! ) in a turbidity zone near e bucket dredger (D) and in a ncarby cstuarine arca nat
directly infloenced (CN.

The chemical analysis of suspended particulate matter collected aflong the Tagus estuary, at neap and spring
tide, has shown that metal concentrations vary with the tidal amplitude (Vale, 1990). Particles that remadn in
suspension 4l nesp tide are entiched in melals in comparison with the suspended load at spring tide. This
means thar patticles eroded from the bottom (presumably farger particles that settic duning the calmer neap
tide conditiong) coneain less amounts of metals, A sirnilar patiern was found for PCB congeners in the Sado
esmary {Ferveira and Vale, 1995, the settling matedial coliected in sediment traps placed 50 cm above the
hottom have higher PCB concentrations than upper sediment layer. The sifuation obssrved in the Tagus
would be different if higher contamination inputs would be recerded in sediments, as found in other
environments (Pereira ef af., in press). In the Tagus, as in other physically-dominated estuarics, there is a
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continuously exchange of particles between the water columm and the teprmost surface sedimenis (Vale and
Sundby, 1987). Apparently the metal and PCB distnibutions are done in acconding to the nature and size of
suspended sediments (Duocsma e &f., 19863, Resuspension does not affect this partition since accumulation
in the sediment laycrs is not comparatively higher. As & consequence, at spring tide or during the dradging
operations, the comntaminant concentrations in the suspended load tend te be lower than at less energetic
situations (at neap tide and absence of dredging. suspended load being constited wmainky by small
particles), .

The particle-water partition of contaminants may be-expressed through a distribution coefficient, K ;, defined
az the ravo of cencentrations in particles and watar. When equilibrium conditions are achived, the
relalionship between K, and suspended sediment concentration (SPM} definc hyperbolic curves (Honeymaon
and Santschi, 19881, This variation is interpret=d as contaminants in the water heing efficiently removed into
amaller parricles, whose predominance in water £olumn increases the specilic wren of the suspended load. In
grder to study the behaviour of several contarmimanis arouwn] the bucket dredger, distribution coefficients
were calculated. The different Ky—SPM relationships are illustrated by the CBI138, CBI%0 and Hg plots
(Figure 3). While for CB 138 the retationship approaches a hyperbolic curve, a less clear picture was found
for CBI30 and Hy. The differences are probably indicatives that equilibrivm between the disselved and
suspended fractions was not reached at the same time for the three contaminants. Presumably, Ky - SPM
relationships of CB180 and Hg tend to hyperholes, as particles remain im suspension and participate io the
eroslon-resuspension tidal cveles.
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’ Figure 3 Heluonships betwesn distribution coefficients (Ki) of CB132, CB B0 and He and suspended sediment
concentration (SEM) in samples collectzd in a wwehidity zome near the buckel diedger.

Laboracory ©

The interactions of contaminantz between the dissoived and suspended fractions are not always i
equilibrium conditions near the dredger. The exchanges between anoxic particies and oxygenaled water have
un ecological interest, but observations in the field may oot be sufficiently comprechensible due to intensc
mixing processes, It order 1o clarify these cxchanges, a sediment aeration experiment was performed in the
laboratory. The oxygenation of anoxic sediments indicates that chemical transformations are [ust (Figure 43
In time scales of minuies, inscluble sulphide: [(AY3) decreased dramatically its concentration in the
sediment solids, and Fe concentrations in the dissolved fraction displayed two peaks. The oxidation of
sulphides resulted in the inerease of dissolved Fe, and its rapid removal to the solid fraclion as insojuble
oxides are formed (Madureira, 1987). Cadmium and Ph, which should alse be in sulphide forms in the
anoXic scdiments, showed a similar trend. As & consequence of the oxidation, the simultaneously extracted
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Cd and Fb Idividcd by the towl concentrations displayed & sharp minimurm. Approximately 60% of Cd and
30% of Pb in the sclids changed their fractionation {presumably from sulphide to oxide forms) in o period of
one hour {Figure 4). Although these resulls should not be automatically represemlative 0f all fizld conditions,

it emphasises the complexity and quickness of anexic sediments oxidation and the difficulties in recording
the transformarions during dredging operations.
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Figure 4. Time evatution of Fa (M} in the Jizsolved fractian, Acid Valatile Sulphide (AY S, mmol g by, and 5 of
sitnyhancously extracted Od and Pl (SEMAmal ool g- 1. im the sofids Jdiking the atration #xpermeent of anoxic
coiaminated sediments fram tie Tagus estuary.

Luhoratory gyperiment of bisaceum an

In order lo agsess whether changes on mrbidity and remobilization of contaminants associated with dredging
operatians cause an additienal transfer of conraminants to living organisms, 2 laboratory experiment Was run
with mussels. The time evolution of Fe, Cd {1z g1), €B138 and CB180 in Myiillus galloprovincialis from
the control and comuaminated tanks are shown in Figurs 5. Concentrations m musscls from the two tanks
were different, indicating an increase of contaminant availability tu the bivalves. Levels of Fe increased very
tapid in the first days, while evolution of the others was more graduasl or less uniform (CB180). This
experimetit indieates that mussels responded rapidly 1o alterations in the warer associated with the dredging,
and indicate a plausible transfer of contaminants © organisms,

CONCLUSIONS

The exténsion and ntensity of the water turbidity associated with dredging operaling in the Tagus estuary
varied with the tidal conditions. The resuspended material near the bucket dredger did not present higher
metal and OB concentrations, than the suspended particles that travel in the cstuary. Distribution coefficient
supgests that some contaminanis in the resuspended solids near the dredpger were not yet in equilibrium with
the water. The oxidation of anoxic sediments in a laboratory expetiment demnonstrated that metals in the
solids change their fractionation within a 24-hour peniod. Although the quicknsss of this procssses, a second
laboratory simulation showed that metals and CBs were accumulated in mussels, and therefore o dredging
oPeration may calse contatninant transfer 10 living organisms,
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Figure 5. Concenmrations of Fe, Cd (ug ;". dry weight), CB133, CB 180 (ng r'. lipid weight) in Myrilles
pgatioprovinclalis of eontral () and contaminated (I0) tanks during a 40-day experiment.
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