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Extraordinary manifestations of eutrophication in the Adriatic 
Sea during the last few years have been due to the combined 
effects of diferent physico-chemical and meteorological 
factors. Permanent inputs of nutrients:, particularly in the 
northern Adriatic via river runoffs and municipal sewage 
during calm sununers:, cause ma.riced stratification of the water 
column and reduction of horizontal advection. These two 
effects provide the ideal conditions for single a species 
bloom. An attempt has been made to calculate the nutrient 
balance which allows a better interpretation of algal blooms 
in the Adriatic. 

Introduction 

During the summer of'1988 and part, of'summer of'1989 very 
large quantities of'organic aggregations and mucose substances 
were recorded along the coasts of'the northern and middle 
Adriatic, and to a lesser degree along the coast of'the 
southern Adriatic. 
These occurred as a consequence of'an intensive phytoplankton 
bloom due to the man-made eutrophication in the North Adriatic 
Sea. 
This phenomenon has been recorded on several occasions during 
the last decade at a number of'characteristic sites (northern 
Adriatic, Emilia-Romagna coast, Lagoon of'Venice, town port of' 
Pula, Ka~tela Bay and some others). However, it peaked during 
the last two years. 
Three deleterious ef'f'ect categories are attributable to 
certain bloom-f'orming phyt,oplankton taxa. They are: 
- perceptible water quality deterioration including trophic 
changes 
- chronic or intermittent health hazards, including toxicity 

losses of'aestetic, and hence recreational, values of' 
af'f'ected waters. 

Results and Discussion 

In order t.o understand t.he complexi t.y of't.he cycle of' 
generation, and t.he causes and occurrence of'phyt.oplankt.on 
blooms in the Adriatic Sea, which by its nature is a very 
dynamic system, a knowledge of't.he origin of'nut.rient.s in t.he 
marine environment., their rat.es of'change as af'f'ect.ed by the 
properties of't.he environment they are in, and a knowledge of' 
t.he biogeochemical f'actors is indispensable. 
Being a continent.al sea, the Adriatic is strongly af'f'ect.ed by 
land f'actors. River runof'f's are t.he main source of'dissolved 
nut.rient.s (Tables 1, 2 and 3). These ef'f'ects are particularly 
pronounced in t.he northern Adriatic, manif'est.ed as high 
primary production in t.hat area compared t.o t.he middle and 
southern Adriatic. The nutrient. balance dat.a are based an 
long-t.erm nutrient. dat.a in t.he Adriatic Sea as well as dat.a a 
number of'other authors (Table 4). 

Marine Pollution Bulletin, Vol. 23, pp.145-148, 1991 
Printed in Great Britain 
0025-326X/91 $3.00+0.00 
c1991 Pergamon Press pie 

145 



Marine Pollution Bulletin 

TABLE 1. Fresh wat,er input, by river runof'f's and f'rom ot,her 
d 3 -~ 

sources in t,he Adriat,ic Sea Cx 10 my)  

Rivers 107 000 X 10 C:S m 3 y -1 C 65. 8¾) 
Agricul t.ural 53 200 .. C 33. 0 %)  

I ndust,r i al 1 600 II C 1. 0¾) 
Domest,ic 883 II C 0.2¾) 

Tot.al input, 162 500 X 10 d m 9 Y -:t 

TABLE 2. Nutrient content in industrial wastes, rivers and the 
ーヨ

Adriatic Sea Cmmol m)  

Industrial wastes Rivers Adriat,ic Sea 

N - sal t,s 25 - 200 7.0 - 16.7 1.0 - 3.6 
ーヨ

mmol m 
P - salts 2:.0 - 5.0 0.6 - 2.2 0.0 - 0.2 

mmol m 
ーヨ

Silicat.es 200 - 500 100 - 350 1.0 - 2.0 
mmol m 

ーヨ

TABLE 3. 
ヨ 3 -i 

Nut,rient, loads Cx 10 my)  in t,he nort-hern 
Adriat-ic Sea 

P - salts N - salts 

Po 
3 ヨー1

16.4 x 10my 
3 3 -:1 

114. 0 X 10 m Y 
Olher It.al i an rivers 
Sout,h of't,he Po River 4.4 II 37.9 II 

North Italian rivers 8.6 ．． 70.0 .. 
Yu - rivers and 
industry 1. 4 II 8.9 ．． 

Tot.al 3 m 3 -1 28. 8 X 10 Y 830. 8 X 10 3 m 3 Y -:l 

The Adriat.ic Sea is f'airly poor in nut.rient.s, being an example 
of'an oligot.rophic sea. However. low nut.rient. levels do not. 
cause low product.i vi t.y, as shown by t.he in si t.u measurement.s 
recordered during t.he last. f'ew years amount.s t.o 100-200 g C 
-2 -:1 

m year CPucher-Pet.kovic and Marasovic. 1980; Pucher-Pet.kovic 
et al.. ,1988; Degobbis et al... 1989). Such high product.ivit.y 
makes possible t.he rapid t.ransport. of'nut.rient.s f'rom deeper 
layers t.o t.he surf'ace, loading t.o rapid exreet.ion and 
regenerat.ion of't.hese sal t.s. Lari言 q~ant.it.i es of'f'resh wat.er 
ent.er t.he Adriat.ic Sea Cl年 x 10 m y)  via river runof'f's and 
sewage ef'f'luent.s bot.h on it.s west.ern and east.ern coast.. 
Nut.r i ent.s are al so i nt.roduced in 1 arge quant.i t.i es vi a t.hese 
discharges, part.i cul ar 1 y nit.rat.es and si l i cat.es. 
Wat.er and nut.rient. balances were calculat.ed (Table 4). It. was 
f'ound t.hat. t.he wat.er gain was in excess of't.he wat.er loss 
during t.he year. The same applies t.o dissolved nit.rogen and 
silica salt.s. so t.hat. t.heir input. t.o t.he Adriat.ic exceeds 
t.heir loss. The sit.uat.ion is reversed f'or t.he phosphat.es 
CP-sal t.s). A short.age of't.hese sal t.s in t.he Adriat.ic Sea is 
probably rest.ored by t.hei r being dissolved f'rom sedi ment.s or 
by regenerat.ion and excret.ion. 
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TABLE 4. 
9 -:t 

Nut,rient, balance in t,he Adria'l:,ic Sea Cm y)  

I n p u t, Vol umeC mヨ) N-sal t,s P-sal t,s Si-salts :E sal t,s 

Fr om Medi t,. 7760x10 ， 84x10 ヨ 21. 4x10 ヨ 706x10 s 811x10 s 

River runof'f' 103x10 ヽ 250x10 ヨ 82. Ox10 9 1918x10 ヨ 1890x10S 

Preci pit.at.ion 0. 1x10 ヽ 73x10 ヨ 73x10 ヨ

Olher 55x10 ヽ 31x10 ヨ 17. 6x10 9 217x10 9 266x10 9 

Total input 7922x10 9 438x10 ヨ 121x10 ヨ 2441x10 ヨ 3000x103 

Out'f'low 

To Medi t,. 7770x10 ， 127x10 s 20. 2x10 ヨ 812x10 3 969x10 ヨ

Evaporation 148x10 ヽ 4x10 3 0. 8x10 ヨ 10x10 ヨ 15x10 ヨ
Loss t,o 
sediment,s 179x10 3 104. Ox10 9 1720x10 ヨ 2078x103 

Consumpt,ion by 
25x10 ヨ 31. Ox10 9 56x10 3 phytoplankton 

Total 
out.f"low 791Bx10 ヽ 336x10 ヨ 166x10 ヨ 2642x10 9 3108x10 9 

Balance +4x10 ヽ +103x10 ヨ -30x10 ョ +101x10 ョ +108x10ョ

The levels of'individual nut.rient,s show considerable seasonal 
variat.ions CDegobbis 1988; Vukadin, 1990). These are probably 
caused by exlernal f'act.ors as well as biological processes in 
t,he ecosyst.em it.self'. t.he variat.ions show several maxima and 
mini ma during t,he year, leading t,o t,he conclusion t.hat, t,he 
Adri at.ic is an exlraordinaril y dynamic basin wi t,h high 
biological product,i vi t,y. 氾 nimum 1 evel s nut,r i ent, sal t,s are 
usually recorded during spring or lat,e summer when 
phyt,oplankt.on growth peaks or t,here is a high nut.rient, 
consumpt,i on in t,he sea. Maxi mum levels of'nut.r i ent,s occur 
during wi nt.er under dest.rat,i f'i ed condi t,i ons. It, is qui t,e 
obvious t.hat, seasonal variat.ions in nut.rient, cont.ent, are 
mainly due t,o biological cycles. 
The spat,ial dist.ribut.ion of'nut.rient,s in t,he Adriat.ic Sea 
shows t,he nort.hern and sout.hern Adriat.ic Ct.he Po River and 
ot.her runof'f's f'or t,he nort.hern, and t.he Medit.erranean - Ionian 
Sea f'or t,he sout.hern Adriat.ic) t,o be t.he main sources of' 
nut,rient,s in t,he Adriat.ic Sea. The middle Adriat.ic CPalagru乏a
Sill) is t,he area of'highest, nut.rient, consumpt.ion CBuljan et 
ai. 1975). 
Cycles of'nut.rient.s in t,he Adriat.ic Sea are def'ined, not, only 
by oceanographic and met.eorological f'act.ors but,, t,o a 
considerable exlent,, by biological cycles of't,he organic 
mat,t,er in t,he sea. 

Conclusion 

The cal cul at.ion f'or nut.rient. balance qui t.e clearly shows t.hat. 
t.he source of'phyt,oplankt.on blooms is t.he nort.hern Adriat.ic, 
t.hat. is t.he sea in f'ront. of't,he Po River est.uary and t.he 
est,uaries of'ot.her nort.hern It.alian rivers. 
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int,o t,his part, of" t,he Adriat-ic. The organic cont-ent, of" 
aggregat-ions collect-ed in 1988 from t,he middle Adriat-ic point,s 
t,o t,his fact, since t-he proport,ion of" carbohydrat-es was very 
high in relat-ion t,o prot-eins, as well as bact,erial biomass due 
t,o t,he presence of" "old" pollut-ion CNajdek et al.. ,1988). The 
dat,a clearly show t,he Po River and ot-her river runoffs and 
indust-rial wast-es are t,he source and direct, cause of 
eut-rophicat-ion and bloom, while met-eorological and 
hydrological condit,ions support, t,he spreading and persist-ence 
of t,he bloom in t,he nort-hern and middle Adriat-ic. 
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