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To enable a simple and convenient electrochemical determination of metal-ion 
concentrations in natural waters it is necessary to find a system of ligands which can 
complex them and form a highly hydrophobic specia strongly adsorbed at the 
mercury drop electrode surface. In that way the enhancement of metal-ion 
concentration occurs in the adsorption layer at the electrode surface then in the bulk 
of the solution. Such an approach is interesting because metal-ions in natura1 waters 
are present in a very low concentrations and as complexes with various organic 
substances. Due to that they are specifically adsorbed at different surfaces (sediments 
or particles in seawater and fresh waters). 

So-called synergetic adsorption of few metal ions (uranyl-ion, copper(ll)) at the 
mercury drop electrode surface was studied. The method is compared with the 
simple anion-induced adsorption (MLAKAR et al., 1990). Synergetic adsorptive 
accumulation is based on the principles of synergetic solvent extraction that is from 
the aqueous to the organic phase. The phenomenon of synergism is described as a 
manifold enhancement of the metal-ion extraction from the aqueous solution to the 
organic by the system of two ligands which form a hydrophobic complex species 
with the metal-ion. Basic conditions which must be fulfilled are: 
(i) the neutralization of the charge at the central metal-ion by forming a chelate 
complex: 
(ii) the second ligand, so-called synergist, which is not soluble in the water solutions 
and therefore is very hydrophobic, reacts with the chelate complex and substitutes all 
remained water molecules from the coordination sphere in the central metal-ion; 
(iii) the convenient spatial arrangement of ligands around the central metal-ion; 
(iv) the accomplishment of maximum coordination number of the central metal-ion. 
Such complexes become extremely hydrophobic and they are formed only in the 
organic phase. 

As the adsorption layer at the mercury drop electrode surface can be very good 
replacement for the organic phase, due to its highly hydrophobic behaviour, it can 
serve as a good replacement for the organic phase. Therefore, the hydrophobic 
mixed ligand complex will be formed only in the adsorption layer at the electrode 
surface (MLAKAR and BRANICA, 1988). In that way the concentration of the 
metal-ion at the electrode surface will be manifold enhanced and it will be 
possible to measure very low concentration levels of metal-ions present in natural 
water systems. In the adsorbed state the metal-ion remains to be electroactive with 
the increased overpotential and it responds well to various voltammetric 
excitation signals. 

In this study it will be presented a synergetic adsorption of uranyl-ion mixed 
ligand complex with 2-thenoyltrifluoroacetone and tributylphosphate and copper(II)
ion mixed ligand complex with 1.10-phenanthroline and tributylphosphate. 

The effect of synergetic adsorption in the system UOz2+-TTA-TBP was obtained 
at pH about 3.6. After the accumulation at -0.15 V very sharp and pronounced peak 
was registered at about -0.5 V vs. Ag/AgCI. By this system of ligands the lowest 
detection limit by linear sweep voltammetry after the accumulation of IO minutes at 
-0.15 V was found to be (I.I± 0.2)*J0-t0 mol/1. The results of uranyl ion 
measurements in natural water samples of saline and fresh waters will be presented. 

By the system Cu(ll)-Phen-TBP (CULJAK et al., 1994) the situation was more 
complicated. The mixed ligand complex with copper(II)-ion and the synergetic 
adsorption were obtained in narrow pH range between 9.5 and 10. In spite that the 
phenanthroline molecules chelate copper(Il)-ion in a broad range, they do not 
neutralize the charge of the Cu-chalate complex. The charge of Cu2+-phen2 complex 
is neutralized by two hydroxide ions in pH range between 9 and 10.5, in accordance 
with the calculated distribution curves of Cu(II)-ion. After that step TBP molecules 
in the adsorption layer form a mixed ligand complex Cu(OH)zPhen2 TBP. The 
reduction peak was registered after the accumulation at -0.3 Vat the potential about 
-0.6 V. A detection limit of Cu(II)-ion by square-wave voltammetry (after the 
accumulation of lO minutes at -0.3) was found to be (1.2 ± 0.2)*J0-10. The 
concentration of copper(Il)-ion was detected in fresh and saline water samples from 
the Rasa Bay and Rasa River. 
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Le phosphore existe dans les sediments estuariens recents sous trois formes 
principales : organiques (phospholipides, acides nucleaires, phosphoglucides, .. ), 
inorganiques simples (H2P04-, HPOi-, P043-) et polyphosphates. Le bilan de ces 
trois formes peut etre dresse par une analyse faisant appel a un traitement sequentiel. 
Dans le cadre d' un programme integre pour mieux connaitte I' ecosysteme estuarien 
en Syrie, nous avons effectue ce travail sur !es estuaires des rivieres Al-Kabir Al
Chimali (ERKC), Al-Sin (ERS), AI-Hassein (ERH) et AI-Abrache (ERA). La rarete 
des donnees geochimiques et oceanographiques concemant les differentes rivieres 
syriennes, debouchant sur les cotes Est de la mer Mediterranee, justifie en outre la 
realisation de ce type de travail. 

Les resultats presentes ont ete acquis au cours de plusieurs sorties realisees 
mensuellement entre janvier 1991 et fevrier 1992 dans l'ERKC, et saisonnierement 
dans !es quatre estuaines precites. Les prelevements ont ete effectues manuellement 
en plongee autonome, et a !'aide d'un tube en PVC de 4.5 cm. de diametre. La 
colonne sedimentaire etudiee est de 12 cm. d' epaisseur; !es carottes sont decoupees 
en tranches de 2 cm. d'epaisseur, sechees a l'etuve a 80°C, tamisees a 2 mm. et 
finalement gardees a l'obscuritejusqu'a leur analyse. 

La determination du phosphore organique et des orthophosphates dans !es 
sediments a ete faite selon la technique d'ASPILA et al. (1976); cette technique 
consiste a diviser l'echantillon en deux sous-echantillons, l'un est pyrolyse a 450°C, 
puis traite avec HCI (IN), le phosphore organique est ainsi libere en forme 
d'orthophosphates; l'autre sous-echantillon est traite directement avec HCI (l.N), 
pour liberer uniquement les orthophosphates. Une determination 
spectrophotometrique des orthophosphates est ensuite realise selon la methode de 
MURPHY & RILEY (1962); le phosphore organique est alors calcule par difference. 
Le polyphosphore a ere determine dans !es residus de sous-echantillons apres avoir 
determine leur contenu en phosphore organique et orthophosphates. Les 
polyphosphates ont ete determines selon une methode similaire a celle de 
KOROLEFF (1983); elle consiste a hydrolyser !es polyphosphates sedimentaires a 
80°C, en presence d'acide sulfurique (o.SM); les polyphosphate sont ensuite 
determines dans l'extrait acidique, en forme d'orthophosphates, selon la technique de 
MURPHY & RILEY (1962). 

L'etude annuelle, effectuee sur l'ERKC, indique que les orthophosphates ainsi 
que le phosphore organique presentent des variations saisonnieres en liaison avec le 
cycle biologique de I' ecosysteme etudie; des teneucs relativement important es en ces 
materiels ont ete egalement enregistrees en debut de periode hivemale en raison 
d'apports extemes. Les polyphosphates ne presentent pas, par contre, des variations 
saisonnieres notables et leur distribution verticale est plutot homogene; ceci indique 
que leur accumulation dans Jes sediments estuariens etudies n'est liee ni au cycle 
biologique de I' estuaire, ni a son cycle hydrologique. 

Le phosphore inorganique en forme d' orthophosphates represente la partie 
majeure au sein du phosphore sedimentaire total (entre 45 et 87%), alors que le 
phosphore organique represente entre 1 et 43% du phosphore sedimentaire total 
(et uniquement entre 5 et 10% pour 53% des echantillons sedimentaires etudies). 
Le polyphosphore sedimentaire repesente moins que 20% du phosphore 
sedimentaire total. 

La comparnison de nos valeurs avec la litternture intemationale indique une 
certaine pauvrete des sediments etudies, concemant leur contenu en differents 
composes phosphores etudies. Une autre comparaison entre !es resultats concemant 
les differents estuaires syriens etudies temoigne que chacun d'eux possede des 
caracateristiques bien particulieres. Une accumulation relativement importante des 
polyphosphtes a ete, par ailleurs, mise en evidence dans !es estuaires de la partie sud 
des cotes syriennes sur la Mediterranee. 
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