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Abstract—a five-step sequential extraction technigue was used (0 determing the purtitioning of Cr. Mn, Fe. Cu, Zn. Cd, and Ph
amoeng the operative sedimentary phitses {exchangeable fons, curbonutes, mangunese and iron oxides, sulfides and organie mater
and residual minerals) in coastal sedinwnt fram tiree locations in the southwest Wheriun Peninsubis. Two sites are locited close (0
industrial aress, the salt maeshes of the Odie] River and Bay of Cidiz. and one in a1 nomndustrial ared, the Barbate River sult
marshes. The Odiel River salt marshes abso receive the drairuge from mining activities o the Huelva region, 1o the sediments from
the Bay of Cidiz and Barbate River wult marshes, Cr Cu, Fe, and Zn were axtracted from the residual ITaction at percentages hipher
than 60K%. In the scdimeats from the Qdiel River salt marshes. concentrations of afl the metaks. except Cu. Zn, amd €d, exceeded

60% in the residoal fraction as weil. [n the sediments from the B
metals were Ma and Ci: in those from the Odiel River salt mar

ay of Cidiz and Barbuse Qiver salt marshes. the main bioavailuble
ches. the main bioavailuble metals were Zn and Cd, respeetively.

The environmentit risk was determined by cmploying the cnvironmental risk Tactor (LRF), defined us ERE = (CSQV — CHCSQVY
where Ci is the heavy metal concentration in (he first four fractions and CSQV s concentration sediment gquality value {the highest
concentration with no associated biologheal effect). Our resnlts showed that the sediments from the Cidiv Bay and Barbate River
sall marshes do not constitute any environmental gek under the cureent nateral conditions, I contrist, in the (iliel River salt

mmarshes, Cu, Za, and Pb yiclded ERFs of tess than zero it sever

ai sampling siations aail, cousequently, pose & patentiul threal tor

the organisms in the aren. This 15 a consequence of the high levels of metals in the area derived from the mining activity (pyrited
and industrial activities and the association of these heavy metals with more labile fractions of the sediments.

Keywords—Speciation Sediment Heavy metals

INTRODUCTION

Throughout history, estuaries have heen favored sites for
human settlemnents and their assoctated industrial activities and
have therefore received heavy contaminant inputs. Esluarine
sediments show a strong tendency to accumulate contaminants.
especially heavy metals; thus. analysis of these sediments con-
stitutes a rapid means of obtaining time-tnlegrated information
concerning @ range of sedimentological variables {1} In ad-
dition, estuaries often include wetlund sites of internatonalty
recognived ecological importance s well a8 cconomic im-
portunce for their shelifish production. Heavy metals are cco-
logicuity relevant. mainly because of their toxieity and their
nonbindegradable character |21

Sediments act as sinks for trace metals: thus, they become
wmore or less peemanent part of the ecosystem, Remohilization
processes reintroduce them into the ecosystem in binavailuble
forms 3], Metals can be releused into the water phase when
conditions such as pH. redox potential, ionic steength, and the
concenlration of organic complexing agents are approprize:
theretore, sediments also act as sources of the metals {41

The biogeochemical and ceoloxicological significance ol a
given element is determined aot only by its conceniration in
a naural or terrestrial system but also by its chertical form,
which in turn is controfled by the physical, chemical. and
bialogical characleristics of that system [5]. Knowledge re-
garding the chemical speciation of heavy metals in sediments

# T whom correspandence may be addressed
Gulian blasco @ icman.csic.es).

Salt mmarshes

is important for assessing the capacity of those sediments 0
act as sources of the potentially toxie metals, The determi-
nation of the total concentrations of melals is not. on its own,
sufficient for predicton of such hehavior (6]

Currently, the methods used most frequently to study the
distribution of metals in o selid phase are hased on partition
echniques using different chemica! extractants in sequence
{t.c.. the use of selective chemical extraction s widespread)
[7-141. Tt is generally recognized that the partitioning of trace
metals achieved by such procedures is vperational, and the
resalts are determined by several experimentat factors, such
as the nature of the reagents used. me. temperature, mixing
eates, the ratio of reagent to sediment. and the physicochemical
characteristics ol the sample (especiully its chemical compi-
sition). The chemical composition ol 4 sample could cause
heterogeneous chemical reactions. feading 1o changes in the
Jistribution of metals during extraction, such as the precipi-
tation of newly formed compounds and rewdsorption of e
teased metals {15-21].

Speciation is very useful, not only for determining the de-
gree of association of the metals to the sediments and the extent
10 which they might be remobilized into the environment but
aiso Tor differentiating metals with a lithogenic origin {rom
hose wilh an anthropogenic origin [22]. Metals associated
with any of the following four fractions—the adsorptive or
gxchangeable fraction, the carbonate fraction, the reducible
Fraction, and the oreanic fraction—aure comsidered 1o he more

mobile and, therelore, more gasily released from the sediment
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Fig. 1. Map of the Odiel River salt marshes (A, Cidiz Bay {CB),
and Barbate River (BRY salt marshes (Andalucia, southwest Therian
Peninsulu). Lacations of sampling stations are shown.

and potentinily more dangerous, These four fractions cover
metals from anthropogenic sources and, therefore, give infor-
nuition regarding the type and severity of the pollution o which
@ particular environment has been exposed. Metals reporting
lo the inert fraction may be interpreted as having originated
from geochemical or natural sources (i.e., of lithogenic origin)
{31

In the present study, we investigated the partitioning of
seven metals (Cr, Mna, Fe, Cu, Zn, Cd, and Pb) among different
fractions in superficial sediments from three coastal areas in
the southwest (SW) fberian Peninsula: The salt marshes of the
Odiel River (QR). Lhe Bay of Cadiz (CB), and the Barhate

Table L. Granulometric distribution and organie carbon {GCY and total carbon (TC) in the three sapling ceosystems:

V. Bdenz ot al.

River (BR), All three areas are of considerable ecological rei-

evance, and the aim of this work is 10 provide information .
concerning the distributions of heavy metals in the sediments
sampled in these three valuable ecosystents o predict the cn-
vironmental risks associated with these metals.

MATERIALS AND METHODS
Stuedy aren

The salt marshes of the OR, CB. and BR are located on |
the SW coast of the [berian Peninsula (Fig. 1), The OR was
declured a biosphere reserve because of its large population
of migratory birds. The CB hosts 2 wide diversity of aquatic
specics, and many arcas have been transtormed for the de-
velopment of aquaculture activities [231 (Jt is also cataloged
as a nawre park.} The BR is also cataloged as a nature park
and has commercial activities of hivalve cultivation (mainly
shellfish and oysters). Despite their status as administrtively
protected areas, these zones are exposed 1o different types and
levels of conamination. The OR marshes are affected by inputs
of contaminants from the Huelva industrial area und the OR
itsell, which flows through a well-known mining area called
the Iherian Pyrite Belt. The CB includes an international port
with heavy maritime traffic and for deeades has supporied a
major indastrial activity in the marine construction sector; in
recent years, Lis indusirial activity has been diversitied by the
incorporation of other industrics using metals, such as the
manufacture of vehicle and aircraft components. The BR is an
area relatively Iree from domestic and indastrial conlaminants,
and its pollution inpuls are derived mare from agricultural
activities, Therefore, it is included in the present study as a
reference against which the zones subjected 1o meral pollution
sant be evaluated.

Sampling and sample pretreatment

Sediments were collected from June through July 1996 from
nine sampling stations: A, B, C. D, E, K and G In the OR
{zone 11, CB, (zone 2, and BR (zone 33, Their locations are
shown in Figure 1. A Van Veen grab was used (o collect
approximately | kg of superficial sediment ((3—3 em} at ecach
of the sampling points. Samples were transterred to polyeth-
ylene bags and stored under a N, atmosphere al —4°C. A
portion of each sediment sample was air-dried at 70°C to a
constant weight and passed through a 300-pm sieve. Those
subsamples of dried sediment were subjected to a selective
chemical extraction. The sediment characleristics {percentages
of sand, silt, clay, orgunic carbon, and total carbon) of sampling
stalions are shown in Table 1. The grain-size distribution in
the fine fraction less than 63 pm was carried out in a Coulter
Channelyzer CH00 (Couiter Electranics, Herttordshire, UK).
Organic carbon was determined by the method of Gaudette ot

Odiel River salt marshes

A B C D E...  F G CRB BR
= Clay 8.53 92.17 13.04 18.57 1136 110 4.19 5.0 16.76
% Silt 41.51 37.43 76.62 69.01 3540000 083 824 24.83 49.47 -
% Sand 49,96 53.20 10,34 12.42 532400 98 87.57 TO06 33.77
% G0 197 12G 269 273 ) _l:.()?. [ .34 .14 b.63 {71
% TC 1.52 112 217 2.04 L5 0.19 0.33 107 237

*Sampling stations (A-G) are located in the Odiel River Silfl_%{l.(.l_f.‘{_h:f—'-ﬁ (Huetva. Spaind and Bay of Cadiz (CB) and Barbate River (BRY in Cudiz

Bay and Barbate River salt marshes (Cadiz, Spain).
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Tabie 2. Reagents and conditions for fractioning the sediment simples

Reagents and conditions

Extracted sediment Componears

CFE fxchangeable metals
! Metuls bound (o carbonates
thire

- Metals bound 1o Fe-Mn osides
agitation @ 96°C

(.02 M HNGO,. 30% HO,. pH
agitation, extracted with a2
HNO,

Microwave acid digestion with

Microwave acid digestion with

'ff.-4: Metads hound 1o organic matier

FF5: Residual metals
Total digestion

I M MgCh, 1 h of shaking ol room teperatine
1M NuQAc, pH 5 (HOAC) S hof shiking at room {empera-

0.04 M NELOH-HC in 255 (vv) HOAe, & b of occasional

2 {HNQL S hoal aceasion:]
M ONHOAC in 208 (vh)

aquas regin-LF
aqua regia-HF

Lxchangeabie jons

Adsorbed fons, carbonites, and
some oxyhydroxides

Amorphous and oxyhydroxides af
Fe and Mn

Sullides and organic maner

Lithogenic crystaliing materials
Al sediment components

al. [24%, and totel carbon was determined with an elemental
anulyzer (Carlo Erba 1106, Milano, Ttalvy.

Chemical analysis

The extraction procedure used in the present study i @
modification of the scquential extraction procedure proposed
by Tessier el al. 18], The maoditication involves determining
the inert or residual fraction using the methed deseribed by
Loring and Ruantala [25]. Extraclion with a mixture of aqua
regia (HNOGHCL 1:3 (/) and hydrogen Quoride {HE} pro-
vides an estimate of the residual and total metal content in the
sumple. This procedure is necessary o cnsure the complete
sofution of aluminum. This mixwre has also been shown to
he effective in breaking down organic malier, and HF decont-
poses silicates [26.27]. Volumes of 0.3 m! al aqua regia and
3.0 ml of HF were added 1o the aliquot of oven-dried sediment
i a 120-mt Teflon® bomb, and the mixture was heated in o
700-W microwave oven (Panasonic NN 6200, Mississauga,
AN, Canaday and further treated with horic acid {281, A de-
seription of the five fractions obtained with this method as
well s the operative conditions used for cach extraction are
given in Table 2. This procedure was carricd out in riplicate.
The sampletreagent ratios were [-40 (wiv) in fraction (F}.
F2. and F3, 1:80 (w/iv) in F4, and 120 {wfv) in F3. Reactive
blank and refercnce sediment (estuarine sediment 277 CRM
certilied by the Bureau Community of Reference [BCR]. Brus-
seis, Belgium) were used w ensure quality control. Trace met-
als were determined by graphite furnace atomic absorption
gpectromeiry or by flame atomic ahsorpticn spectrametry (Per-
kin-Elmer 4100 ZL and Perkin-Elmer 3110, respectively, Nor-
wall, CT, USA), depending on the trace metal concentration
and the fraction analyzed.

Al reagents employed were from Merck (Darmstadt, Ger-

Tuble 3. Comparison between the heavy metal concentrations in the

the fjve fractions obtuined by the sequential extraction procedure and the

many) und of analytical griwde ov Suprapur quality. Standard
working solutions of the different clements analvzed were pre-
pared from the comresponding 1.000 mg/L ol Merck Titrisol
safutions.

Comparisons between sampling stations were performed by
clusier analysis using the biomedical statistical package. The
algorithin used was the pormalized euchidean distance between
the centered clusters.

RESULTS AND DISCUSSION

Tuble 3 shows the sum of the five fractions of the scyuential
extraction procedure and the heavy metut concentration found
by applying the total digestion procedure {251 When the sed-
iment samples undergo the sequential extraction proceduoce, a
high recovery for all the heavy metals is obtained. The resuls
are particularly satisfactory for Cr and Cu, whereas the re-
cavery observed for Mn and Pb is not so bhigh.

Heavy metal concentrations Tor the five fractions of the
sediment at each of the ning stations studied iy preseoted in
Figure 2. The concentration is expressed in pgfg. except for
Fe, which is expressed in mg/g. The concentrations of the
heavy metals (Cu, Zn. Cd, Pb. and Fe) from anthropogenic
sources (corresponding to the first four fractions) are higher
at OR than at CB or BR.

In Figure 3, the partitioning patterns for Cr, Mn, Fe, Cu,
7n. Cd. and Ph corresponding to cach sampling sile are pre-
sented as bar dingrams. The quantity of motal extracted in cach
step of the leaching scheme is given as o percentage of total
metal content. ‘The behavior of Cr and Fe was similar in all
samples. Both metals were maost abundant in the residual frac-
fion and in the most highly polioted samples (OR), The third
fraction was approsintely 16.55 for Cr and 12 to 17% lor

sediment of the studied stations obtained by adding the copcentrations in

metal levels obtained by the sediment wial digestion procedure of

Loring and Rantala [25]*

Qulict River salt marshes

A B C % E iy G B BRI
Cr .99 98.20 99.72 9. H) 4346 8287 102,97 u7.35 G224
Mn 83.63 7190 §87.57 0113 84.35 1212 74.04 98.29 90,75
“Fe - 103.21 HI2.66 117.96 106.38 ROL57 §9.96 #4.84 1i1.08 Gre4
‘(_:El 1102 1717 45,90 343 96.32 17,37 103,47 77.64 96,03
Ln G0.31 R6.80 86.35 8251 u2.3a 94,98 103.37 108,586 n2.a2
Cd- 112.47 R0L7E 118.83 98.11 .39 341 10438 10:4.38 3943
Ph G40 82.26 9180 88.60 97,78 §4.31 83.54 141,30 87.60

"7 Resulls are expressed as the percentage with respect (o total digestion procedure. Sampliog
- marshes (Haelva, Spaim in Cadiz Bay {CH} and Barbate River {BR) sult marshes {Cadiz. Spain}.

aations {A—GY are located in the Odiel River silt
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Fig. 2. Speciation of trace metals in the sediments of the Odiel River
(A-G}, Cadiz Bay (CBy. and Barbae River (BR) salt marshes {see
Fig. B3 Results arc exprossed as pgfg dey sediment, except for Fe
Gmgfg dry sedimenty. Fraction (F} 1 F3 correspond 1o frauctions of
the Tessier sequential procedure.

Fe. This behavior is in agreement with the parlitioning found
in other coastal ccosystems (Tabla 4).

The partitioning patterns of Mn., Cu, and Zn at CB and BR
are similar and differ from those chserved at OR. Al the first
two sites, Mo was extracted mainly in the second fraction.
related 1o metal bound to carbonates, and the third fraction,
relaled to metal hound to Fe and Mn oxyhydroxides. In the
same two areas, substantiz] amounts of Mn were also extracted
in the exchangeable {F1) and residual (F3) fractions. In these
two arcas. Mn speciation coincides with the results reported
in the Acheloos River estrary {291 and in CB |22]. The Mn
has an affinity 1o carbonates in both lacustrine and coustal
sediments [30]. At OR, Mn was extracted mainly in the re-
stdual fraction, but FI, F2, and F3 {in thut order) were also
well represented. This partitioning pattern is similar to that
found in the Huelva eswary {31). The high percentage of Mn
previously reported, associated with the residual fraction (IF5})

in the sediments of OR, is in agreement with previous obser-
‘wtions [32] that in sedimenis contaminated by mune drainage

waters, as is the case with OR, Mn is mainly concentrated

within the crystalline structure of the primary and sccondary -

minerals, .
Regarding Cu, in the samples from CB and BR the residua
fraction {F3) was approximately 62.9 to 72.3%. This im:l_ical $
the mincralogical origin of this metal in these zones wid'its
reduced mobility from the water-sediment _in_tc'rt'r_t' ¢ Howey

V. Sdene et g

Fig. 3. Speeintion of truee metals in the sediments of the Odicl River
(A0, Ciddie Bay (UB}, and Barbate River (BRJ salt murshes (see
Fig. 11 Resubts are expressed as o pereentige with respect to ol
digestion, Fraction {F) | to F3 correspond 10 fractions of the Tessier
sequentis} procedure.

in the samples from OR, copper was extracted nusinly in F4
(21.4-87.9%) and was related 1o the solubilization of oxiliz-
able phases from sediments (organic matter and sultfide). The
amount of residual metal (F5) was low in comparison to the
total metal content (8.2-44.166). This indicutes the anthro-
pogenic source of this metal as a conscquence of the indusirial
and mining activities as well as from moderage nrhan pollution.

In the CB and BR sediments, Zn was mostly concentrated
in the residual fraction (64.8-6955). The distribution of non-
residual metal species was between the fractions dissolved by
reducing or oxidiving reagems (F3 aod Fd, respectively). On
the contrary, in alf the saumples from OR, the percentages of
total metal extracted from the residuad minerals {F3) were
lower and ranged from [2.5 w0 52.4%. The distribution of
aonresidual Zn In decreasing order was in F3, F2, and F¢, The

- distribution pattern in the OR coincides with that reported by

other authors in this area, and the speciation pattern found in
CB and BR is also similar to that presented for CB (Table 4),
The Cd behaved similarly in all samples. Being 3 mobile
Heavy mictal, it was present in Fi (20-70% in most samples)
as mainly distriboted among the first three fractions

= 70% of total Cd). At OR. 11 was principaly extracted in FI
1 at CR-and BR. in F2 and F3, Small amounts of metal

- remained in B4 and Fs,

"i_*_h_r_:_-'Ph was mainly present in the residual fraction in all
amplc,: . although the percentage of this metl bound 1o re-
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Tabte 4. Speciation of the anabyzed hewvy met
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als in the sediment of different cogslat systems?

Erosystem Fl B2 13 Fid F5 References
Acheloos River estuary, Greeee 2 I3 7.1 il a8.3 {29
Coustal sediment, Baja California, USA (.25 0.26 3.3 4.1 el [38}]
Huelva estuary, Spain 0 0 15 0.7 743 131}
Odiel River salt marshes, Spain 0 it 0 §.8 a1.2 122}
Cadiz Bay 0 4.9 Gt 8.3 74.4 i22
Qdiel River salt nuarshes 0.3 0.7 a3 35 9.0 Prescat study
Cadiz Buy sult marshes 0 5 36 i3 92.6 Present study
Barbite River salt marshes i} (.o 3.5 4.5 894 Present studly
Acheloos River estuary, Greece i.1 2 1.2 134 i3 £24
Huelva estuary, Spain 9.3 a 25 S8.G S8.6 1311
Ciadiz Bay 11.7 414 16.2 228 228 22
Odiel River salt marshes 3.3 129 i6.2 03 63 Present study
Ciiddiz Bay salt nuarshes 1.1 423 17.3 257 237 Present study
Barbate River sull marshes L3 450 224 1.6 12.6 Present study
Acheloos River estsary, Greeee 0.3 52 12.2 4.2 781 12
Coustal sediment, Baja Caulifornia, LUSA i} 0.4 6 1.0 92 138}
Huelva estuury. Spain o 0.6 14 .9 54.3 (34
Odicl River satt marshes, Spain 0 35 34 1.3 31 1221
Ouliel River salt marshes <31 0.9 17.3 A 773 Present study
Cidiz Bay salt marshes <1 #X4) 11.6 1.3 86.4 Prescim study
Barbate River sult marshes <. 0.8 17.4 24 79 Prosent study
Cu Humber estaary, UK 2 6.1 8.2 a3 36 41}
NMersey estuary, UK 1.5 12.9 1145 374 374 {44
Vigo estiury. Spain 1.2 1.7 0.6 58 38 1421
Coastal sediment. Baja Culitornia. USA 1.7 {1 23 18] 80 138]
Huebva estuary, Spain 13.3 0 2.9 0.9 2.4 iall
Odic! River sall marshes 1.4 1.5 i4 SH.9 18.2 Prosent study
Cidiz Bay salt marshes 1.4 .8 8.2 1.3 723 Present study
RBarbate River suft marshes 1.1 6.9 8.8 .3 62.9 Prescnt study
A Vigo estuary, Spain O 10 34 il g 1421
Huelva estuary. Spain ia7 IR 288 Pxg 243 f3]
Cidiz Bay 35 0.5 2 7 ot a2
Qdiel River salt marshes 7.9 i9.5 3350 123 25.2 Present stady
Cadiz Bay salt marshes 4 2.5 12.6 154 G4 Present study
Barbate River sult marshes 0 3.6 154 P64 H4.8 Present study
Cd Humber estuary, VK RIRY Ry 26.1 4.3 0 {41
Mersey estuary. UK 342 9.4 2208 6.3 7.6 i4H
Hhelva estuary, Spain 46.1 9.9 16.3 14.9 12.8 {3
Qdiel River salt marshes 437 0.5 17.7 22 249 Present sidy
Cidiv. Buy salt marshes 5.5 335 14.6 8.8 2.6 Present study
Barhate River salt marshes 0.9 276 i 7.7 248 Present stady
Ph Mersey estoary, UK 5.3 6.8 35 .2 137 141}
Vipo estuary, Spain i 9 3t 8 33 1421
Huclva estuary, Spain 0 it 10.7 29 71.1 134}
Odied River sabt marshes 0.9 7.6 17.3 16 L3 Present stedy
Ciéidiz Bay salt marshes 1.4 247 it} 6.8 50 Present study
Burhate River salt marshes 1.l 138 (ER 7 5.2 Present stady

+ Results are expressed as the pereentage of rotal metal conventration. Fraction (F} 1o % goreespond to the Iractions of the sequential extraction

technique of Tessier et al. [81

sidual minerals (F3) differcd widely among stations {50-90%).
Afler the residual fraction. F3 and F2 had the greatest abun-
donces of Db (6-265% for F3 and 1226 for F2). In all samples.
the exchangeable metal content was very low (<2% of the
totad metal cancentration). I the sediments from OR, the per-
centages of Ph assaciuted with the residual fraction (F3} are
the same as those found in the sedimems of CB and BR except
for locations C, D, and E. where the percentages are higher.
Despile qualitative similarities. at all the OR sites Pb content
was high and characteristic of contaminated sediments (Fig.
21, Samples from OR showed that Pb is present in the residua
fraction [33]. At sites C. D, and E, where Lhe percentages of
this metat in the residual fraction (F3) are relatively high, the
Ph origin in the sediment is mainly lithogenic. In anthropo-
penic potluted sediments {341, Pb is principally associated with
F3 (iron-manganese oxyhydroxides). therefore, CB and BR

and locations A, B, E and G in OR represent the areas with
the greatest severity of Pb potlution.

A cluster anabysis was carried out 1o classify the sampling
stations according to their heavy metal content and speciation,
The dendogram (Fig, 4} allows threc groups to be established.
Group | corresponds 1o all the stations of CB and BR as well
as to sampling stations A and B of OR; alf of these show the
towest values for heavy metals, Group 2 includes stations F
and G of OR, both of which display high levels of metals as
4 consequence of a chronic pyritic contamination from the
mining activities al this area. Group 3 comprises stations C.
D. and E of the OR salt marshes. which are moderately con-
raminated by mining activities and also affecled by the chem-
ical indastries of Huelva.

The degree of environmental risk can be predicted by the
use of the environmental risk factor (ERF), defined as C5QV
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I il in

e BR A B F G c o E

MORMALIZED EUCLIDEAN DISTANCE

i i

Fig. 4. Dendogram showing chestering of sampling sites (A-G) for
Odict River, Cidiz Bay (CB}, and Barbate River {BR) salt marshes
fsee Fiy, 1)

~ CCSQYV [35], where Ci is. in our case, the heavy metal
concenlrution corresponding 1o the first four fractions (reactive
fractions) and CSQV is the concentration sediment quality
value, which corresponds to the highest concentration with no
assoctated biological effect. The SQV data selected in the pre-
sent study correspond to site-specific vatues for the Gulf of
Cadiz {36,37]. For Cd. a vilue of 1.2 mg/kg, obtained from
the biolagical effects database—sediments, was selected as the
SQV. This value corresponds to effects range low, becanse
site-specific values were not available. The definition of F1 to
F4 a3 the blogvailable fractions was made following previously
reported crileria {38}, Other authors {35] deline FI 1o F3 as
the reactive fractions. However, we prefer the first definition,
because the metal of the first four fractions can be mobilized.
In any case, the ERF values were similar for most cases, re-
gardless of whether the first three or four fractions are con-
sidered, B4 is included in our case to calenlate Ci. All sampling
stations of OR showed an ERF of less than zero for Cu and
Zn, for Pb at stations E to G, and for Cd at stations C, I, E.
and E "the stations of CB showed an ERF of greater than zero
for all metals analyzed. The Fe and Mn were not considered
hecause of their very limited toxicity when they are associated
with sediments. Although the parameter SQV has limitations
[39], the use of site-specific values allows ns to avoeid some
of the drawbacks in their application for ecolegical risk as-
sessment. The different operative fractions obtained by the
procedure of Tessier et al. [8] or other proposed speciation
schemes, such as the BCR |12] or acid-volatile sulfide 14407,
wan also be useful for measuring the bioavailability of con-
taminants. In short, the ERF values calculated as (he sum of

V. Sdenz ot g

the difterent operative fractions from the speciation procedyr
can be employed to predict the potential adverse effects
contmminated sediment on the ecosysten,

In summary. the highest proportions of metals in the sed
iments of CB and BR salt marshes occurred in the residug
fraction. which means that they cannot be solubilized and
therefore, do not pose a threwt 1o their eovironment, Althoug
anthropogenic inputs are higher in CB than in BR salt marshes
the similarity in the heavy mctal concentrations is related t
different granulometric distribution: thus, the silt—clay siz
percentage represents approximately 30%% in CB and 606 |
BR salt marshes. However, the metals found in sediments o
the OR salt marshes showed not only a considerably highe
total metal content but also lower percentages associated witl
the residual fraction because of the mining activities (coppe
and pyrites) in this area since the times of the Tartesians an
Romans and the nearby industrial area of Huelva, In weneryl
this Ievel of metal pollution does represent an enviranmenty
Fisk.
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