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NlJfRIENTS TRANSFER PROCESSES IN AN ES1UARINE ENVIRON'-IENT 

IN THE NoRTH AEGEAN SEA 

Nikolaos FRILIGOS 

National Center for Marine Research, Hellinikon, Athens (Greece) 

Th~ distribution of salinity, temp~ratur~, nutrients and phytoplankton 

of thr. Al~xandroupolis coast both insid~ and outsid~ th~ Evros Riv~r plume, 

u~r~ ot.served during thr~e cru.isr.s b~tu~~n March 1g81 and March 1982. The 

data presented h.:-re fTom the Evros River effluent region indicate that 

during periods of high river discharge ·(latr. tJinter) the distribution Of 

surface mixtures of river and coastal IJater is considerably less uniform 

than periods of low river discharge. The water below the 10m depth does not 

appear to have changed between the March and August survey periods if 

salinity and nutrients are used as indicators. From the arguments above, 

it emerges that the uaters of the Evros River plume consists primarily of 

two component mixtures of Evros River water and of surface sea-

water, but they may contain variable fractions of entrained and intermixed 

deeper water. In the area under investi9ation, the rtver seems to make its 

effect felt in a different m01nner in two different zon~s. 

The first,inside the Evros River plume,has an abrupt decrease in the 

salinity,and an increased concentration of nutrients.For this zone there 

is a highly signif-icant correlation bettJeen nutrients and. salinity,indica-

tive if predc.minant physical influence upon their distribution,and the nutri-

ents never decrease to zuo level.ln late tJinter,floci::ulation and precipita-

tion are not important in the removal of nutrients from these mixtures and 

it is assumed that they arr. unimportant during the remainder of the year. 

The second zone outside the Evros River plume in which the above menttoned 

correlation is nD lDngn significant because Df the superpDsition of biolo-

'3ical factors,showed algal growth,; which lowered the content of nutrients 

to the point of exh;auuing the limiting element,which wu ft~und to be nitro-

gen. 

400 

-
f 
z 

!.~""' 
z 

so 
(b) 

0 
?~0 

J " 

.L 
Flfj- ~- Locatio-n of the station.:: 

. •. 

1.0 
... 

o.e . 
f 

i oc 
~~ .. 

0.2 

•o.o 

350 

...1 30.0 

2SO 

~ 20.0 
Vi 

, 1 1S.O 
~<J 

v; 101) 

s.o 
I• I 

3SC 
0zso m 32.5 

SALINitY (•/..) 

Ftj. 2. Nuirientt; US ~alinity i77t;ide the £vr(X' Rive-r plume 

107 

L-I2 

Summar>y 

ANTROPOGENIC INFWENCE OF THE I<RKA RIVER ESTUARY ECOSYSTEM 

(t·1IDDLE ADRIATIC CoAsT) 

Ilija VUKADIN and Zvonko GRZETIC0 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 
o Hydrographic Institute of the Yugoslav Navy, Split (Yugoslavia) 

Results of researahes of hydrographia,geologiaaZ, ahemiaaZ and 
bioZogiaaZ parameters, aarried out in the Krka estuary show that this 
area is under very st1•onq influenae of land faators, i.e. freshwater> 
and industrial and urban effluents (still untreated). 

Mentioned influws bring large quantities of wastes and very toxic 
heavy metals (Zn, Cu, Pb and Hg) whiah have made this basin one of 
the most threatened areas along the eastern Adriatia aoast. 

Introduction 

The area of Krka estuary, middle Adriatic coast, is a semiclosed 
basin with rather low values of current speed, peculiar morphological 
properties and high production. Water exchange with the adi~cent sea 
is rather poor. Consigerable discharge of freshwater (49 m /sec) and 
sewage waters (45 x 10 m3Jyr) are discharged into the sea. They affect 
to a considerable extent chemical properties of the study area. 

Material and Methods 

Samples were collected from several characteristic stations in 
the estuary in the vicinity of urban centre and from an open sea 
station. Samplings and analyses were carried out in 1983-1985. 
Standard oceanographic methods were applied. 

Results and Discussion 

* Table 1. Annual inputs in the Krka estuary 

Inorganic Inorganic SuspfO!nded 
nitrogen phosphorus solids 

Krka 1410 126 1288 River 

Sewage 395 15 1:!.2 effluents 

Total 1805 141 1300 

All values are given in tons/year 

Zn Cu Pb 

1.7 1.0 .1. 5 

2.3 4.3 2.9 

4.0 5.3 4.4 

Table 1 presents the major sources of wastes ana estimated 

Hg 
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annu~l inputs of some important elements. The behaviour of dissolved 
innorganic phosphorus and other nutriencs in Krka estuary was stualed I 
by Buljan (1969) and Buljan et aZ. (1980) who found that the rivers 
entering the Adriatic sea on the eastern coast were poor in phosphorus. 
This may be accounted for by the fact that phosphate is removad from 
these waters presumably by adsorptio~ on particulate material and 
subsequent sedimentation. 

Nutrient values are very high on the freshwater end of the 
estuary to be decreased to low values at the mouth (22.6 - 0.1 
fmol/dm3). Nutrients showed considerable scatter as often found when 
one parameter is plotted against salinity. The data indicate a 
substantial loss of phosphate from the water of the estuary, the 
greatest proportion of the removal taking place in the upper estuary 
at salinities below 10 x l0-3. If the removal of phosphate is mainly 
due to biological activity than the other nutrients (ammonia and 
nitrates) will presumably also be removed what would result in a 
linear relationship between phosphate and nitrate and ammonia. 
We, however, had non-linear relationship which is indicative of 
non-biological removal of phosphate as well as silica, or maybe 
these salts originate from some other sources in the estuary 
(sewage waters). It is obvious that inorganic N is biologically 
controlled in the estuary while P and Si show rather a geochemical 
influence. 

The study or ~ce metals is of considerable interest since some 
of them are essential for the life while others are highly toxic. 
Here we studied horizontal and vertical transport of these substances 
and their concentrations in sediments. 

Horizontal transport is dominated by simple advective flow 
and the vertical transport is influenced by a number of physical. 
biological and chemical processes. It is obvious from the table 
that the sewage effluents are major sources of these trace metals 
in the Krka estuary. 

Sediments act as a storage agent for trace metals. In general, 
Hg, Zn and As contents in surface sediment layers in the Krka estuary 
were hignerby approximatively an order of magnitud~ in comparison to 
the values found at the open sea station Zn (140.0 : 29.0 mg/kg), 
Cu (45.8 : 8.6 mg/kg), As (14.2 : 1.8 mg/kg) and Hg (1.94:0.02 mg/kg) 
These values have made this basin one of the most threatened area 
along the eastern Adriatic coast. 
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