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INTRODUCTION

Thig document contains the summary reports of research centres which have
participated in the Co-ordinated Mediterranean Pollution Monitcring and
Research Programme (MED POL).

The reports were edited by the specialized United Nations bodies to which
they were submitted and are veproduced in the language in which they were
originally written.

For convenience, the reports are arranged in order of the MED POL pilot
projects and within these projects by countries in alphabetical order.

The names of the principal investigators and the research centres are
indicated at the begimning of each summary vepert.

INTRODUCTIGN

Le présent document contient les rapports résumés des centres de
recherche qui ont partiecip& au Programme coordonné de sorveillance
continue et de recherche en matiére de pollution en Méditerranée (MED POLJ.

Les rapports ont &té édités par les organes spécialisés des Nations Unies
auxguels les rapports ont été soumis et ils sent reproduits dans leur
langue originale.

Pour plus de commodité, les rapports sont présentés dans 1'ordre des
projets pilotes du Programme MED POL et, dans le cadre de ces projets, ils
sont classés per pays, par ordre alphabétigue.

Les noms des chercheurs principaux et des centres de recherchs sont
indiqués en t&te de chague rapport résums.
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MED POL VII :  COASTAL WATER QUALITY CONTROL (WHO/UNEP)

MED POL VII : CONTROLE DE LA QUALITE DES EAUX COTIERES
(OMS/PNUE)
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Certre de Recherche Participant : Centre d'Etudes et de Recherches
de Biologie et d'Oceanographie Mediceale
C.E.R.B.O.M.
NICE
france

Chercheur Principal; A. FRUCHART

Introduction:

Dans le cadre du projet MED POL VII (PNUE), le Centre d'Etudes et de
Recherches de Biologie et d'Océanographie Médicale (C.E.R.B.0.M.) effectue
une étude bactériclogique des eaux de baignade de la ville de Nice, dans la
Baie des Anges.

LCette étude comprend:
1) Des analyses bactériologiques des eaux de baignade :

- Streptocogues fécaux
- [Coliformes fércaux
- Coliformes totaux

2) Des analyses ‘physico-chimiques des eaux de baignade :

- Salinité
- Température
- Oxygéne dissous

3) Des analyses hydrologiques et météorologiques :

- (Courantoleogie de la zone
- Vent (force et direction)
- Température de 1'air

- Nébulosité du ciel

4) L'observation de la plage afin de recherche d'éventuels polluants
liés aux macro-déchets et aux hydrocarbures.

Zone(s) étudide(s):

Trente prélévemsnts ont été effectués simultanément dans la zone d'étude.
Les stations sent reportées sur le schéma no.l suivante et sont numérotées
de 1 & 30.

Matériel et méthodes:

L'étude de la courantoméirie conditionne 1'étude de la pollution car elle

permet d'étudier le devenir des eaux rejetées par les fleuves chtiers et
les collecteurs d'égout.
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ftude des courants de la Baie des Anges:

Cette stude ayant été faite partiellement par Romanovsky, nous pouvons résumer
les principales données de ce travail publié en 1951.

A ces données nous ajouterons certaines précisions obtenues par nos propres
observateurs faites, soit au courantometre & flotteur soit par 1l'étude des
courbes thermiques, soit par la recherche de la salinité.

En résumé, il existe deux situations générales de circulation des eaux marines
dans la Baie de Nice :

- d'une part, par beau temps, un tracé N.E.-5.0. qui s'infléchit pour
suivre parallélement le littoral de la Baie de Nice, les filets du
large gardant une direction plus rectiligne.

- d'autre part, une deuxigme situation est créée par les vents de
secteur Ouest. Si les courants du large conservant & peu prés une
direction analogue mais plus ralentie, les courants de terre
prennent un aspect tourbillonnaire formant prés du rivage un
contre-courant, c'est-a-dire en direction $.0.-N.E., partant de
1'estuaire du Var, longeant la plage de Nice jusqu'a l'entrée de
Villefranche o ils se dirigent vers le Sud formant ainsi une zone
tourbillonnaire. Ce contre-courant aurait d'aprés les mesures faites,
de 15 3 23 om/sec.

Une double situation courantométrique se trouve créée : une, licde aux vents
d'Est, l'autre aux vents d'Cuest.

1) CAMPAGNE DU 12 JUILLET 1978 ENTRE 9 ET 10 HEURES :
- Météorologie :

. Etat du ciel : clair & peu nuageux

. Vent : direction S.W. (force 1}

. Température de l'air : 22°C
- Etat visuel de la plage :

. Propre dans l'ensemble

. Absence de goudrons sur les galets
. Absence de macro-déchets & la surface de 1l'eau el sur les galets.

2) CAMPAGNE DU 10 ADUT 1973 ENTRE 2 ET 10 HEURES :
- Météorologie :
. Etat du ciel : clair & peu nuageux

. Vent : Direction S.W. (farce 1)
. Température de 1'air : 24°C
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- Etat visuel de l= plage :
Propre dans l'ensemble

Absence d'hydrocarbures sur les galets
Absence de macro-déchets & la surface de l'eau et sur les galets,

3) CAMPAGNE DU 6 SEPTEMBRE 1978 ENTRE 9 ET 10H3D :
- Météorologie :

Etat du ciel : clair

Vent : Nul

Température de 1'air : 22.1°C
- Etat visuel de la plage :

Traces d'hydrocarbures sur les galets

Traces d'hydrocarbures dans 1'eau de baignade
Présence de macro-deéchets dans 1l'eau de baignade.

4) CAMPAGNE DU &4 DECEMBRE 1978 ENTRE 9 ET 10 HEURES :
- Météorologie ;

Etat du ciel 3 clair 8 peu nuageux

Vent : nul

Température de l'air : 12°C
- ttat visuel de la plage :

Propre dans 1'ensemble

Absence de macro-déchets dans l'eau de baignade et sur les galets
Absence d'hydrocarbures dans l'eau de baignade et sur les galets.

Résultats et leur interprétation :

Les résultats des analyses bactériologiques sont les suivants :

1) Le taux des Streptocoques fécaux est élevé.

les concentrations les plus importantes sgnt observées au mois de décembre:
-~ période d'ensoleillement réduite

- apport de matériaux par les fleuves cdtiers durant iz saison des
pluies, et déversoirs débouchant en mer.



2) Dans l'ensemble les Coliformes fécaux sont les moins répandus.
Les taux les plus élevés se rencontrent au mois d'Aolt :
- période de forte densité de population estivale.

3) Les Coliformes totaux suivent la méme évolution dans le temps que les
Coliformes fécaux avec une forte concentration au mois d'Aocdt.
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Juillet 1978

seasions ToC | Szlinité Oxygéne dissous|Streptocogues Coliformes. Coliformes
Ezu de mer 4 FEeaux/100 ml ; Ffécaux/100 ml Ktotaux/100 1
i 21,1 37,5 120 30 10 30
2 21,0 37,4 130 0 o o
3 21,2 - 37,3 130 10 70 80
¢ 21,0 37,2 120 o 0 0
‘5 21,3. 37,4 125 20 .10 10
6 21,1 37,3 120 0 0
7 21,0 37,4 130 40 D
g 21,2 37,3 120 0 10 10
9 21,3 37,2 125 10 40
10 21,7 37,4 130 30
11 21,2 37,4 115 30 0 0
‘12 21,0 37,3 110~ 370 10 10
13 B 37,4 120 300 10
14 21,2 37,3 136 780 0
15 21,0 37,2 130 270 10° 10
16 21,1 37,5 125 150 0 o
17 21,2 37,5 120 ° 280 50 70
. 1B 71,2 37,3 135 480 30 50
19 21,4 37,2 12¢ 40 0 40
20 - 21,0 37,4 125 40 0 70
21 21,0 37,5 120 40 ) 0
22 21,1 37,3 110 10 0 20
23 21,1 37,4 120 80 10 150
24 21,2 37,5 110 10 0 10
25 21,0 37,4 120 c
2% 21,1 37,2 110 0
27 21,0 37,5 120 BC 0 20
23 21,0 37,3 110 ) 0 0
2 21,0 37,4 110 o 0 10
3¢ 21,0 37,4 120 10 0 100
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Lofit 1978
stactons | L0 | S | T e 08 mi [Fhcaw/ 100 a1 totaus 0t
1 24,0 37,0 100 s 0
z 26,1 37,2 95 10 20
3 23,9 37,3 100 10 20 30
A 23,8 37,1 90 30 10 30
5 23,7 37,0 100 40 40 50
6 24,0 37,4 103 &0 90 140
7 24,0 37,8 100 ko] 100 140
g 24,1 37,8 < 90 40 20 50
5 23,8 37,3 g5 g Z0 50
10 23,8 71 9g el 100 130
il 23,9 37,1 50 0 30 112
12 24,0 37,9 190 25 20 1Ay
13 24,0 37,0 1c5 10 40 70
14 26,1 37,2 1%., 30 3Q 50
15 24,0 37,c 90 50 0 G
16 23,9 36,5 95 500 140 6C0
17 24,0 37,0 90 20 32 70
18 24,0 37,2 =l 350 440 510
19 24,0 37,2 106 140 T 160 180
20 24,0 37,2 100 i =ie) 90 &0
21 24,0 37,3 100 130 0 290
22 24,1 37,2 30 Q 0 10
23 24,0 37,3 180 20 10 50
24 23,3 37,1 25 20 30 80
25 23,8 37,3 105 10 0 10
26 24,0 37,1 100 200 10 300
27 24,0 37,0 50 50 120 169
23 24,1 37,0 90 30 90 140
29 T 24,0 37,2 100 120 90 150
30 24,0 37,0 100 40 3G &0
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Septembre 1378

Ztatior-s PR Szlinité Oxygine dissous| Streptocogques | Coliformes Coliformey
Zzu de mer =34 % fécaux/100 ml fécauwx /100 wl ftotaux/100 1
i 22.0 37,0 100 210 10 30
z 22,1 37,2 110 180 0 10 -
T8 22,0 37,3 120 - 270 20 50
L 28> 37,6 105 &0 10 20
s 22,0 37,5 100 80 0 10
6 22,0 37,3 95 250 0
1 7 ¥ pEl 37,2 100 60 0
8 22,0 37,2 110 110 20 40
g 22,0 37,3 100 20 0 5
10 22,0 36,8 100 30 0
11 207 i1 37,1 100 100 5 30
o1 :zz,o 7,2 110 130 10 20
] 13 22,0 37,2 90 300 0
14 22,0 37,3 100 510 o 0
15 22,0 57,2 110 200 o
16 22,0 37,3 120 430 20 30 |
17 22 37,3 130 210 10 20
18- 22,1 37,4 100 200 0 o
19 22,0 37,2 100 130 0 10
20 22, T 37,3 110 140 0 )
21 2000 37,4 105 150 o
22 2R 37,1 100 220 5 15
23 22,0 37,2 110 0 o 0
24 122,2 36,4 100 150 ) 50
23 22,2 37,2 160 100 0 30
26 22,0 37,3 100 30 20 20
27 22,1 B2 = 100 30 0 0
28 22,1 37,4 100 40 0 o
29 22,0 37,2 110 20 o 10
30 22,0 37,2 110 10 0 50




Décembre 1978

Sfati‘?ﬂS%saung e Salé._t/:ité 'E Oxyg-’_'-nueé dissous :g:zziz?iggu:i fg:;iiiggsml toggi_ifig?
_i —- - U, o o o ——— o e
1 13,9 37,6 : 120 ' 150 10 - ko
2 VBT 37,7 ' 130 ] 290 20 * 30
2 13,6 37.8 10 i 220 50 80
b T8 < 37,1 120 k2o 110 160
5 13.8 ¢ 37,6 130 610 20 30
6 13,9 37,3 1ko 340 i ' 100 160
7 13,7 37,2 120 270 P %0 100
g 13,3 B3 130 532 ; 210 360
9 13,5 Bifal 120 - 159 1 ko 110
10 13,6 37,6 120 &30 10 3G
11 13,7 7.3 100 L50 10 50
12 13,8 27,3 110 : 360 70 170
i3 13,8 37.2 130 7o 20 130
14 13,8 37.% 138 : 19¢ 250 3ho
15 13,9 3.5 | 130 i 310 60 80
16 12,9 37,4 120 430 , 30 e}
iT 12,8 37,3 . 100 k70 hls) 110
ig 13,7 37.7 ‘ 20 530 200 320
19 13,8 - 37,6 iie 230 20 - 50
20 13,8 . 37,5 220 160 . - 50 110
21 13,7 37,7 ' 120 350 150 210
22 13,8 ar,5 30 - S 51« R T -+ 3G
23 12,8 | BnE - 126 520 70 130
24 - 13,8 3Ty 3 ‘ 130 L1o 60 16
25 13,7 37.5 130 190 & 120
26 13,7 37,7 132 210 100 150
27 13,8 37,3 iz . 220 40 50
28 13,8 7.6 120 150 . 130 T
20 13,9 . 305 120 37 0 130
0 13,8 i 37,7 120 i 250 90 110
{ !
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Centre de Recherche Participant : Institut scientifique et techniques
des péches maritimes
SETE
France

Chercheur Principal : Y. FAUVEL
Introduction :

L'Institut des péches maritimes de Séte a été chargé dés Novembre 1978 dans
le cadre du projet MED POL VII, de la surveillance des zones conchylicoles
(eaux et mollusques) de la cdte méditerrandenne. Dens la pratique, cette
tache est la nbtre depuis fort longtemps, aussi, notre connaissance de la
salubrité des coguillages et des zones d'élevage, nous permet dans le cadre
du programme MED POL VII d'apporter des informations et des donndes sur les
deux zones conchylicoles les plus importantes du littoral méditerranden
frangais (étangs de Thau et de Leucate).

Zone(s) étudiée(s) :
Les zones étudiées faisant 1'objet du présent rapport sont :

1) Eteng de Thau (Fig. 4)

Lat. 43 24' 5" N
Long. 3 38' 3

Caractéristigues géographigues:

L'étang de Thau, d'une superficie de 7500 ha environ, a une longueur
maximale de 19,5 km et sa plus grande lergeur atteint 4,5 km. La
profondeur moyenne est de 5 métres environ et la profondeur maximale
de 9 3 10 m. L'étang de Thau communique avec la mer & ses deux
extrémités, par les canaux de S&te et par le grau de Pisse-Saumes &
Merseillan,

Les échanges avec la mer dépendent partiellement de la marée tres faible,
mais surtout des dépressions atmosphérigues et des vents,

Caractéristiques hydrologiques:

Le régime thermique est trés étroitement 1lié aux températures de 1'air.
Les températures moyennes habituellement de 4 , (janvier - février) a
28 (juillet - aolt).



2)
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La salinité moyenne s'établit aux environs de 34°%/,,.
L'étang de Thau regoit les eaux du Canal du Midi, du €anal de Site au
Rhdne, et de nombreux ruisseaux comme la Veéne, le Pallas, le Negue-VYaques,

le Soupié, pour ne citer que les plus importants.

Caractéristiques météorclogiques:

Vents dominants : N.W. (320 )
Pluviométrie moyenne : 650 mm

En ce gui concerne la zone conchylicole celle-ci occupe 1 200 ha dont
352 ha réels de parc d'élevage.

L'échantillonnage d'eau et coquillage est effectué sur 12 stations
{(de T 6 27 17), plusieurs fois par mois.

Etang cde Leucate (Fig. 5)

Caractéristigues géggraphigues:

Lat. 42 31" 8
Leng. 3 03

L'étang de Leucate cccupe une superficie de 5 000 ha et a une prefondeur
moyenne de 3 metres, avec des profondeurs maximales de 4,5 m. L'étang de

Leucate communique avec la mer par les graus de Leucate et de Port-Barcares.

Caractéristigues hydrologiques:

Comme pour Thau les variations thermigues ont une amplitude considérable,

de &4 & 28 environ. Ls salinité suivant les anndes et péricdes peut varier

de 22°/5, a plus de 40°/,,. Cet étang regoit essentiellement les eaux douces
des ruisseaux de Fontdsme et Font-Extramer, dans sa partie méridiinale. leas

salinités de la partie septentrionale sont généralement plus élevdes.

Caractéristigues météorologiques:

VYents dominants : W (Tramontane)
Pluviométrie ;600 mm

Les parcs & coguillages accupent 32 ha. L'échantillonnage se fait sur
6 stations (L 8 & L 13) plusieurs fois par mois.

Matérie! et méthodes:

La surveillance régulizre des deux zones étudides parte essentiellement sur
les poiluants bactériens, considérés comme des germes-test de la
contaminaticn fécale : Coliformes totaux et surtout Escherichia Coli et sur
des facteurs hydrologiques (température et salinité},

Oepuls notre participation au programme, la recherche des Streptocogues
fécaux est également pratiquée régulitrement.
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Les méthodes que nous employons sont basées sur la recherche du MPN aussi
bien pour les eaux gue pour les coguillages. Le milieu utilisé pour la
recherche des Coliformes totaux et fécaux est le bouillon lactosé bilié, au
vert brillant avec incubation & 37°C. Pour le recherche d'E. coli on
utilise la méthode de MACKENZIE, avec repiquage des tubes positifs sur le
méme milieu et sur eau peptonée, & 44°C. 11 faut remarguer que cette
méthode n'est utilisée dans notre laboratoire que depuis juillet 1978,
avant la méthode pratiquée par 1'I.5.7.P.M. était celle de VINCENT avec
ensemencement sur bouillon de méme nom, & 41,5°C, méthode donnant
directement E. coli.

En ce qui concerne les Streptocoques fécaux, leur recherche est faite
également par la méthode MPN, en utilisant successivement les milieux de
Rothe et Litsky.

Résultats et leur interprétation:

Leg paramdtres habituellement mesurés lors de nos tournées de controle
sanitaire sont : T , 5°/,,, Coliformes totaux et Escherichia coli. Ces
paramétres sont notés sur les formulaires de données, annexés & ce rapport.
Nous signalons gue les résultats gqui y sont portés concernent seulement les
échantillons prélevés sur les différentes stations de prélévement.

Depuis 1978, notre contrtle s'est besucoup intensifié au niveau des
établissements d'expéditions & terre, au détriment de notre contrble sur
les parcs d'élevage.

Les résultats gque nous présentons (tableaux 1, 2, 3, 4 et 5) portent sur
l'ensemble de nos contrbles.

La classification des résultats bactériologiques est faite en fonction des
normes en vigueur en France :

- pour les coquillages : coliformes fécaux/100 ml de chair
+ liquide intervalvaire.

satisfaisants : de 0 & 300
suspects ¢ 300 & 1000

trés suspocts ;1001 a 3000
défavorables : & partir de 3000

- pour l'eau : coliformes fécaux/100 ml d'eau.
Les limites recommandées par le PNUE ont été appliquées :
satisfaisant : moins de 1D

suspects s 10 & 100
défavorables : & partir de 100
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Dans le cadre de ce rapport sommaire et par manque de temps, il ne nous a
pas été possible de présenter les résultats de facon statistique, comme
cela nous a été demandé. Ceux-ci sont présentés sous forme de tableaux
(tableaux 1, 2, 3, 4 et 5) et d'histrogrammes (figures 1, 2 et 3). Pour
1'étang de Leucate le nombre relativement insuffisant d'observations nous a
amené & présenter les résultats globalement sans tenir compte des stations.

En ce qui concerne l'étang de Thau, on constate que dans 1'ensemble la
pollution bactérienne exprimée en E. coli a fortement baissé en 1978 et ce
pour presque toutes les stations. Ceci est étroitement 1ié & la cadence de
réalisation de travaux d'assainissement programmée autour de l'étang de
Thau et en particulier pour la ville de S&te (de 45 000 habitants}. Une
comparaison par station (figure 2) montre que la baisse de la contamination
est particuliérement importante pour les stations 11, 16 et 17 les plus
polluées en 1974.

L'étang de Leucate présente lui aussi une baisse de la pollution
bactérienne, trés évidente aprés un léger regain en 1977. De toutes fagons
le niveau sanitaire a toujours été ici trés convenable.

I1 faut préciser pour bien comprendre le processus contaminant de ces
étangs, que celui-ci est trés rapide lors des périodes trés pluvieuses a
cause des eaux de ruissellement, et de la remise en suspension des fonds
par les fortes tempétes de secteur sud qui généralement accompagnent les
pluies, Dans ces périodes-la, l'expédition de cogquillages est
rigoureusement jinterdite jusqu'ad ce que le milieu naturel retrouve un état
tout & fait normal et que la pollution fécale s'estompe naturellement, ce
qui se fait assez rapidement par auto-épuration.

Conclusions:

La qualité sanitaire des zones surveillées apparait au vu des résultats,
comme trés bonne en 1978, o il n'y a eu aucune interdiction d'expédition.
En 1976 et 1977 la gqualité globale est tout de méme acceptable, surtout si
1'en tient compte que les périodes insalubres et o les expéditions sont
interdites, sont comptabilisées dans nos histrogrammes et tableaux.
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COOUILLAGES / STATION - 1976

; 0-300 2 301-1000 s+ 1001=3000 s 3000 H . 5
: Stetiens . o : % ; . ; % ; H . ; % : H, ; # ;total :
: : : : : : : : t ¢ : :
: : T6 : 31 3 838 : 4 : 108 : 2 : 54 1 O g O 3 3
. : TT : 25 : 3.5 : 6 g 17.7 ¢ 1 t 2.8 @ 2 : 5.8 3 34 &
. : T8 ; 22 o 59.5 : 5 3 13.5 : 4 :10.8 : 6 & 16.2 3 37 &
: : P9 31 s 858 : 3 3 81 : 2 ¢ Se4 3 1 oz 2.7 : 3 =
. s TI0 . 23 : 62,2 ¢ 2 t 5.4 : 9 : 24,3 3 : Bl ¢ 37T s
: : T 2 16 470 1 6 : 176 1 T :2066 : 5 & 147 : 34
¢ ETANG ¢ P12 § 25 ;5 67.7 : 6 3 176 : 1 : 2.5 : 4 oz 11.8B : 34
DB TEAU ; T 13 ;3 25 ¢ 63.9 : 5 ; 13.9 : 5 :13.9 : 3 1 B3 : 3
: : T14 . 23 : 7.9 ¢ 3 : %4 3 s 9.4 : 3 s 9.4 3 32
. : T15 : 28 2 T5.7. : 5 oz 135 : 3z 81 2 1 1 2.7 : 31
: : Ti16 : 21 s 55.3 : 5 s 15.2 ; 8 : 21,0 : 4 + 10,5 : 3B
: s T17 . 22 : 59,5 ¢ 5 s 135 ¢ 5 £ 13.5 ¢ 5 + 13.5 ¢« 37 =
: Bxpédi- ¢ 47  : T3.5 : 11 2 17.2 1 5z 7.8 oz 1 21 1,5 : 64 =
: s = : : : : : : : : 2
¢ total . : 335 ¢ 67.B : 668 ¢ 13,4 3 55 s 11,0 ¢ 38 oz T :498 =
: s LB . 6 . 857 : O : 0 : 1 : 14,3 ¢ T =
: : L9 3 ¢ 50 : 2 & 33,3 : 1 : 16,7 ¢+ 0 : B
s ETANG : L10 3 8 ; 88,9 : 0 : 1 s 11,1 ¢ O s 9%
¢ B L1z 6 66,7 : 3 33,3 + 0 : 0 5 BB
(IBUCATE ;. L 12 ¢ 8 ¢ B8,9 : 1 : 15,1 2« O : : 0 : : 9
: : L3 ;. 7 : 87;5 : 1 : 12,5 ;. 0 : O 3 CON - B
s total : B 792 : 7 : 14,5 ¢ 2 r 4,2 1 : 2,1 ¢ 48

Tablezy 1 : Reépertition par classes

pour les étangs de THAU et LEUCATE en 1976,

de contamination des coouilleges en Escherichia coli



COOUILLAGES / STATION - 1977

0300 H 3011000 3 10073000 : SOOQ . .

y % ¥ % N % ¥ % ;’cota.l

21 « TIB .« 2 e Ted =+ 3 s 11,1 2 1 2 3.7 = 27

18 : Tiel = 1 » 3.8 : 6 : 23.1 ¢ O « 0 : 26

s : T8 ; 18 . 55,3 . 3 : 9.4 7 s 21.8 : 4 : 12,5 : 32
. r T9 s 21 T2.4 5 2 : 6.9 .« 2 : 6.8 : 4 : 13.8 : 29
: g T10 . 23 . Ta.2 ¢ 3 : 8.7 ¢ 2 : 6.4 ;3 r 2.7 : 3 g

’ : Ti: 16 1 50 : 7 3 21.9 3 3 : 9.4 : 6 1 18,7 : 32
ETEG : T12s 24 0z 727 : 3 oz 9490 : 4 oz 124 1 2 i 6.4 : 33 &

2R, T3 22 : 68,7 ¢ 3 : 8.4 = 3 : 94 : 4 T 12.5 ¢ 32
g : T4 21 @ 63.6 ;4 t 12,2 5 6 ¢ 18,3 : 2 t 6.1 0 33
: : P15 : 24 ¢ T2.T : 4 r 12.2 3 r 9.1 2 r 6.1 ¢ 33
: g e g A : 83.2 1 5 @ 6.6z 6 20 : 0 : 0 1
: ¢ D17 21 : 63.6 @ 5 g M9 B 6 : 185 @ g B t 35 s
: BExpédi-z 33 i 611 : 7 13 g 4 1 204 : 3 : 5.7 @ 54
E g Hies : 2 o E g g 3 : t
' votal D Ces s v D s Dom o7 s
: : L& 4 o 5T : ot p 143 2 1 ¢ 183 ¢ 1 143z T
g : L9 3 ¢ 50 : 1 : 6.7 ¢ 2 : 335 : O a2 H 6 ¢
DETANE : 110: 4 : 667 : O 2 1. 3 167 5 1t 167 ¢ 6 3
: IE £ L1 5 ¢ M.d o= 1 ! 4.3 0 : S f 145 & T 3
(IEDCATE = L 123 & ¢ BS.T 1 © : : 0 E S : 143 @ T :
H s L3 : 6 & 857 = 0 : : O 5 s 1 t 143 3 T =
2 fotal @ : 28 :: 7 a0 B : T.5 : 4 : 10 3 |5 $ 12,5 : 40 :

Tableau 3 : Répartition par classes
pour les étzngs de Then

de contamination des coguillages en Escherichia coli

et Leuczatz en 1977.
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EAUX / STATION — 1976

H 10 s 10 - 100 » 100 H :

- . . - . w Nombre
_Stations R SR ¥ %, ¥ f | total
: : T6 : 34 3 94,4 ¢ 2 : 56 3 O : O ¢ %
: : TT7T ¢ 35 : 97,2 ¢ 1 s 2,8 : O : O : 36 :
: + T8 ¢ 29 ¢ 82,9 3 6 3 17,1 z O ¢ O : 35
: : T9 : 34 : 94,4 3 2 2 56 3 0 : O s 36 :
s : T10 : 27 ¢ T, : 8 : 22,8 ;3 O : 0 35 2
— T 11 '24 s 66,7 ¢+ 9 225 ¥ 3 'z BB g- 36 :
s : T12 ; 25 3 73,5 : 8 s 23,6 ¢ 1 T 259 @ 34 3
: B L m43 . 30 ;83,3 : 5 3 13,9 : 1 3 28 ; 3%
LT g4 ;27 : 795 2 6 s 17,6 ¢ 1t 2,89 5 34 :
: : T15 ¢ 30 : 833 s+ 5 2 13,9 ¢ 1 ¢ 2,8 1 36 3
: : T16 ¢ 25 : 69,4 : 8 s 22,2 ¢+ 3 5 8,4' : 36 S
: : T17 ¢+ 19 ¢ 52,8 : 9 s 25 : 8 s 22,2 36 :
s total g : 339 « 79,6 : 69 : 16,2 ¢ 18 s 4,2 1 426 :
: : L8 7 ¢ 87,5 : 1 : 12,5 + O : : 8 s
= 7 g 3 6 75 s 2 g 25 g O 2 : 8 3
: ETaNG : L 10 ¢ 8 : 889 : 1 : 11,1 ¢ O C : 9 B
:+ DB LED~: L 11 = 9 1100 : O : : 0 z 5 9 3
:s CATE : L1i12 : 9 : 100 : 0 g s 0 g 3 9 :
: : L13 : 9 : 100 : O : : @ g : S .
: total 3 g 48 : 92,3 : 4 : 7,7 + O : O : 52 5

Tgblegu'Z : Répartition par classes de contamination des eaux en Escherichia

coli pour les étangs de THAU et LEUCATE en 1976,
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COQUITLAGES / STATION - 1978

\\N"mes P om0 *301-1000 ¢ 1001-3000 ¢ 3000 i =

: Statiens \ N : % : ™ : % ¥ : % + N 3 % ool

: : 6 ¢ 18 : 9O :: O : 0 : 1 : 5 s 1 g 5 : 20 ¢
: : TT7T s+ 17 ¢ 8 : © + 0 s 1 = 5.5 ¢ 2 : 10 : 20
g : T8 o 19 @ 86,4 : 2 : Bl =z 0 : 0 s T 4.5 1 2
3 : TS : 18 ¢ 8BB4z | T 45 o+ 1 t 4.5 1 T 4.5 ¢ 22
e 1 T10 @ 20 : B7.03: O S0 1 0 T @ 5 B g =12 23 B
3 g Tt oz 19 : 82.6 : 4 t 7.4 ¢ O : 0 : O s 0 3 23 =
¢ BTG : T2 ¢ 18 @ %0 O s 0 t : B g S 28 E
DE TEAT Y OT13 : 18 0 81.8 1 : 4.5 1 : 25 o E : 9.1 oz 22
: . T4 : 24 : 10 : O : O : O : O i O : O 1 24
. T15 ¢ 22 ¢ ©S5.61: O s 0 : 0 : D 5 r 4.4 ¢ 23 g
B 1 T16 ¢ B ¢ el o P LG4 3 : 13 g : 4.4 1 23z
H r T17T o+ 19 ¢ 88,4 : O 0 B B : "EdE B o 5l @ t 22 ¢
: ¢Ewpddi- : 126 ¢ 94 ; & B 4ms] o : 07T ¢ g 0.7 = 134
E e 5 2 E 2] 5 2 B 2 H 5
: tosel 3 : 357 ¢ 8%.7T = 15 : 3.8 @ 12 I B : 14 : 3.5 =358 @
: s Leé 2 3 : 1 g H B 5 g g
5 p W9 3 4 i z B H g : 3 : H
2 : L10 : L ¢ S H H H H : : :
+ ETANG : L 11 & £ 2 L] 2 H t H H ?
: DE : L2 = 3 s H H H 3 % : H 5
sIECCETS = L i3 @ 2l B : H : 2 H : : H
H tBrpé~ : 76z BB.3:t 6 1 6.8 3 4 r 4.5 ¢ 2 s 2.3 : 8 =
H _dition H 2 H : H g s 3 S H
3 2 H H z 5 5 C g o : 5
s total 3 ; 92 . 8.6: 6 : 5.8 @ 4 : 3.8 =@ 2 1.9 1 104

Tablesu 5 @

Bépertition var classes

pour les étargs de Thau

de contaminaticn des coguillages en
et Leucate en 1978,

Bscherichia coli
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EAUX / STATION -~ 1977

: 10 - 100 100

"
[
1
-
o
.
1]
e

- ., Mombxre
N % N % N % total

(1}
e
"
[ 1]
*e
]

*

: Stations : : : : : : : :
g § 3 3 : 3 : : : :
: : T6 ¢ 21 t 91,3 ¢ 2 : 87 : O : O : 23 :
3 : TT7T ¢ 22 2 95,6 : 1 : 4,4 : O : O : 23 &
: : T8 : 16 g 64 %, B s 32 s 1 + 4 : 25
g :. 29 g, 23 g, 92 5 B ¢ B : O 2. 0O 5 25 :
g & : P10 ¢ 21 : 84 : 2 5.8 2e 2 2. B 5 25 3
: ETANG ¢z T 11 2 19 ¢ 76 : 4 : 16 : 2 : B 5 25 3
: DE : Tt2 ¢ 22 : 88 =, & : 12 : 0 : 0 : 25 3
¢ THAU : T13 ¢ 20 3 80 : 4 s 16 : 1 : 4 - 25 z
3 : T14 .a 20 : 80 g 3 s A2 s 2 : 8 : 25

: Ti5 ¢ 21 3 84 : 4 : 16 : O : 0 t 25 ¢
: : P16 : 19 : 7 : 2 :8 3 4 116 3 25
: :t T17 : 16 : 64 : T :28 3 2 : 8 3 25
: total : : 240 : 81,1 : 42 s 14,2 2 14 : 4,7 2 2% s
: : L8 4 ¢ 66,7 : 1t s 6T 3.1 t 16,7 3 6 :
: :+ L9 '5 e 83,3 ¢ O : : 1 : 16,7 6 :
¢t ETANG ¢ L 10 5 ¢ 83,3 : 1 s 16,7 : © : -3 6 :
¢ DE IEU-; L 11 5 : 8353 : 1 $ 16,7 = O 3 H 6 :
: CATE ¢ L 12 4 3 80 : 1 : 20 g -0 5 = 5 -
: : L1353 5 3 100 : O £ : 0 : H 5 g
5 C H g 3 g s g g :
t total : :t 28 3 82,3 : 4 11,8 ¢ 2 3 5,9 = 34 :

Tableau 4 : Répartition par classes de contamination des eaux en Escherichia
coli pour les &tangs de THAU et IEUCATE en 1977.
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EAUX / STATION — 1978

1

0 - 10 : 10 - 100 ; 100 : -
v - . » - - Nombre

K % N % N % ; total

: ¢ T6 ¢ N s 100 : B : : : 11 :
: ¢+ T7 ¢ 10 90,9: 1 : 9,1 : H : 11 :
3 g ME g @& g 92,3: 1 8 Tl © : : 13 :
a3 : 9 +« 12 ¢ 100 : 3 E : 12 5
3 : T10 ¢ 13 ¢ 100 : - z 3 13 g
s ETANG :+ T 11 12 H 92,3: 1 3 Med 2 H : i3 5
: DE ¢ T12 ¢ 12 92,3: 1 s Tl : s 13 :
s THAU ¢ T13 : 13 : 92,9: 1 i1 Tl E : C 14 H
S : T4z 14 = 100 : s ~ - 14 -
: § EHES B 4% " E 92,9: 1 T ‘Tl B : 0 14 3
: : T16 : 14 : 100 : - - 2 H 14 5
S e T17T ¢ 14 2 100 : g g g g 14 H
+ total : 150 G641t 6 : 3,9 : O t 0 s 156 5
: : L8 : : g 3 : H $
: e @ g 5 E : 3 : - 5

‘ooane ° L1 ¢

W s s WY
.
e
"
*
o
e
"

! 9@ 1ED-- L1 : : : : : : :
tcatp ¢ L12 . : : : s : ¢ :
H : L13 s H = H H 5 g
: : Bxpédi-: 17 ¢ C : : . b -
- - tion L] L4 - - - - -
2 motal H 37 P 400 G g H g B 3
: b 3 g 5 2 g H : :

Tablean 6 : Répartition par classes de contamination des eauz en Escherichiz
coli pour les étangs de TEAU et LEUCATE 1978,
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Figure 1 : Fréquénces de contamination des EAUX par'E.ccli pour I'étang

de THAU selon 3 classes.de contamination :

mins 4¢ 10 [] satisfaisant

©1wa e P2 suspect

plus de 100 defavorable
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: COQUILLAGES
100%1

]
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Figure 2 Fréquencea de contamination des CGDUILLAGES par E.coli pour
1'étang de THAU selon 2 classes de cantaminatlcn ]

de 02300 [] satisfaisant

e300 2 3000 P4 suspect

oius de 3000 &4 defavorable
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Fréquences globales de contamination par E.coll en

Figure 3 :
1976, 1977 et 1978.
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COQUILLAGES
100 % :. ]

S R
LAALAAL ILLSKEERH

76 78

b 18
ETANG DE THAU ETANG DE LEUCATE

satisfaisant
syspect

trés sutpe
gefavoran:

t

-
[
o
[




-~ 433 -

ETANG DE THAU
échelle /85000

- ' .
.STPM. sete-FRANCE Nene
|
k2
ouzidudes
\ ﬁ Cfn‘::-_:;'{‘-‘
} AT wa
W e
= //UTJC \\
il :~
N Tis o
méz YN 2T 13 . TR
% Gttt AN
o, 4
Y i ’
o~
//‘u
TS 8
/}* \’/\\O \//
\ rd - T8
S Y

A
marseifian

Figure 4.



t

——— —— o o

— 434 -

‘ETANG DE
LEUCATE

~échelle /50000

*

. STPM. scte
FRANCE

Aveno

et

Figure 5.



- 435 -

Participating Research Centre: Deparitment of Food Hygiene
Faculty of Veterinary Medicine
University of Thessaloniki
THESSALONIKI
Greece

Principal Investigator: A.J. MANTIS
Introduction:

The laboratory has had no previous activities directly relevant to MED VII
except for V. parahaemolyticus. This microorganism has been investigated
since 1970, and 3 papers have already been published concerning the
existence and enumeration of the above Vibrio in seafood and seawater in
the North Aegean sea.

Area(s) studied:

The laboratory performs microbioclegical monitoring of shellfish (Mytilus
galloprovincialis and Ostrea edulis) on the Northwest shore of Thessaloniki
gulf (40° 30' N - 21 50" E). The area covered (see attached map, appendix
1} corresponds to an anomalous coast line, formed by the soil brought in by
three main rivers. It is characterized by shallow waters which have been
praved an excellent enviromment for cultivation of shellfish. This coast
is not suitable for swimming and is mainly accessible by boat. As
indicated in the map, the main polluting sources of the gulf are the city's
main sewage outlet and an industrial outlet. Since 1960 the pollution of
the gulf has been progressive and today it is in a stage which threatens
the suitability of large areas of the above coast for shellfish
cultivation.

For the purpose of monitering the area, four sampling points have been
selected, covering the main shellfish cultivatieon beds. Sampling point No.
1 is the nearest to the polluting sources and it falls within the area in
which culturing or harvesting of shellfish is prohibited by the public
health authorities. It will be regarded as a control.

Materials, methods and parameters measured:

i) Parametres measured:

a) Water of the cultivation beds:

Total coliforms, faecal coliforms, faecal streptococci,
Salmonellae, salinity, temperature, DO and BODS_

b) Shellfish:
Total coliforms, faecal coliforms, faecal streptococci,

total heteroptrophic bacteria, Virio parahaemolyticus and
Salmonellae.
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Material and methods:

Enumeration of total coliforms and faecal coliforms in water was performed
by both MPN and MF methods using MacConkey broth and mFC or mfFC-agar
respectively, according to "Guidelines for Health related monitoring of
coastal Water Quality". For enumeration of the above indicator organisms
in shellfish, only MPN method was used. MacConkey broth and peptone waters
were used as culture media, according to the reference method proposed by
this project. However, a minor modification was introduced in the
preparation of dilutions from a shellfish sample. Thus 30 g of shellfish
flesh were homogenized in a waring blender with 270 ml of 0.1 per cent
peptone water and thus a 1/10 dilution was prepared while the first five
tubes containing 10 ml of double strength MacConkey broth were inoculated
with 10 ml each of the 1/10 dilution. This procedure, widely accepted in
food microbiology, permits quantitation of coliforms in values greater than
20/100 g or the negative results can be expressed as less than 20/100 g.

For faecal streptococci M-enterococcus agar with the MF method was used for
the water and the seme medium with the PP method for shellfish.

Vibrio parahaemolyticus was quantified in shelifish only, with the MPN
method using Glucose-5alt-Teepol broth as enrichment broth and TCBS agar as
plating medium.

Salmonellae recovery was attempted from both water and shellfish. The
methods applied and the media used were those proposed for this project.

Results and their interpretation:

Total heteroptrophic bacteria: The results concerning the number of total
heterotrophic bacteria sre summarized in table 1 (appendix II). Samples of
shellfish from sampling point No., 1 had a total count ranging from between
10" and 105/9 while samples from sampling point to 4 (unpolluted

water) had always a total count of less than 10 g. Total count of
shellfish derived from sampling point 2 and 3 had a total counts ranging
between lD3 and 104 in 75 per cent and 82 per cent of the samples
respectively.

Total coliforms and faecal coliforms:

Summarized results concerning total coliforms and faecal coliforms (E.
coli) are given in annexes 3 and 4,

From the frequencies distribution of the values of total coliform and E.
coli in shellfish and water it can be seen that, except from sampling point
No.l for which high values were expected, sampling point No.Z gives values
above the suggested limits in a considerable percentage of samples, while
sampling points No.3 and 4 give values which fall within the suggested
limits of acceptance.
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Faecal streptococci: Results concerning faecal streptococci are summarized
in table 2, appendix II. From the above table it can be seen that values
for shellfish cultivated in unpolluted water (sampling point 3 and 4) were
less than 10/g in the majority of the cases (80 per cent of the samples)
while the water from the above sampling point gave values less than 100/100
ml in more than 87 per cent of the samples.

Vibrio parahaemolyticus:

Quantification of Vibrio parshaemolyticus im sheilfish with the MPN method
revealed that a percentage of the samples ranging between 34 per cent and
60 per cent were positive (appendix V). The MPN value of the positive
samples was always smaller than 103/100 g. Positivity of the samples
increased during the warmer months of the year and decreased markedly
during the cold months. This confirms the well established view that V.
parahaemolyticus is a natural inhabitant of sea-water and does not
carrelate with pollution.

During this project more than 600 strains of V. parahaemolyticus were
tested for Kanagawa phenamenen and proved to be Kanagaws negative.
Randomly selected strains were seroleogically tested and the majarity of
them fell into the serotypes OQKIZ’ DQKB’ 05K17 and

UlDK 4 About 25 per cent of the strains were not typeable with
gvailable antisera.

As far as food poisioning concerns, there are no data suggesting possible
cases of gastroenteritis among humans in Greece.

No salmonella serotypes were so far isclated from the water or shellfish
tested. Although our laboratory has a long experience in salmonellas
isolation from different sources, we consider the negative results from
sampling point No.l as contradictory and if in the future sampling the
situation continues ta be so, consideration will be given to the effect
that is produced on salmenella and probably on other microorganisms by the
industrial (chemical) wastes which are discharged near the above sampling
point.

Evaluation of the results according to interim microbiclogical criteria for
shellfish.

On the basis of E. coli, the percentage of samples of shellfish ar water
which fall within or outside the proposed microbiological limits are
presented below in the form of a table.
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Percentage of samples within the proposed limits
on the basis of E. coli values.

SAMPL ING SHELLFISH : WATER
POINT

Point 0.2/g 3-10/g 10/g 10/100 ml  10/10G/100m!  100/100ml
*

* % HEK

1 30.4% 52.2% - 18.7% 75 6.3%
2 719.2%  20.B% - 62.5% 37.5% -
3 92.9% 7.1% - 87.7% 13.3% -
4 100% - - 94 . 4% 5.6% -
*  Accepted. *%* TJemporary prohibition of sale.

%% Accepted if not more than 20%.

From the above table it is evident that sampling puint No.Z does not fulfil
completely the proposed criteris either for shellfish or for the water,
while sampling points No.3 and 4 satisfy the criteria. In evaluating the
results obtained so far, it is evident that the pollution of the Northwest
coast of Thermaikos gulf is expanding year by year, and this in additien to
other problems, also creates a problem of shellfish hygiene. This problem
. 1s already anticipated by a shellfish cleaning station (ozone treatment)
and very soon all shellfish from the above area will be subjected to
treatment before they are released to the market.
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Table 1:

Appendix IT

(Tregquencies %)

TOTL!, HETEROTROPHIZ BACTERIA

SHELLF1EY
er graa Sampling poeint
1 2 3 %
102-" 103 - 4,2 % - 4.3 %
10%- 1o - 75.0% | 82.1 % | 85.7 X
10%-5x10% | -52.2 % | 20.8% | 17.8 % -
sx10%- 105 u7.3 % _ 2 -
Table 2:  ENTEROCOCCI (Frequencies %)
A. SHELLF ISH (M) .
‘Sampling  point
per gran :

-1 2 1 3 y
<1D 21.7% { 66.7 % | B2.8 & [100.D %
10-100 78.37 | 33.3g | 17.23 -

B. WATER (NF)
iper 100 ml 2
o 6.25 %] 25.0% | 27.8% | 50.0%
1-30 - 31.3%2 | 33.32 | 3a3.3 %]
10-100 18.75 %[ 31.2 2 | 33.3 % | 16.7 z
100~1000 75.00 %] 12.5 X 5.6 1 o
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Appendix ITI
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Participeting Research Centre: Irstitute of Hygiene
Medical School
University of Thessaloniki
THESSALONIKI
Greece

Principal Investigator: T. EDIPIDES

Introduction:

The study on the identificetion and evaluation of the degree of pollution
in the Gulf of Thessaloniki and in Thermaikos Gulf started in 1968. Until
1975, 526 sea-water samples as well as 172 samples of sea sediment,
together with an equal number of coastal sand samples, were examined.

Al) the samples were examined for the following parameters:
1. Number of Coliforms and E. coli (MPN}.

2. Isolation and counting of Enterococci and sulfite reducing
Clostridia,

3. Searching for Sailmonellze, Shigella, V. parshaemoliticum,

4. Physical and chemical parameters, that is, air temperature,
wind velocity, relative humidity, sea {emperature, turbidity,
pH, cdetermination of chlorides, salinity, BDD5, DO, and
tracing and determimation of Pb.

During that same period, 529 samples (1 sample X 5 = 2645) of shellfish
were examined microbiclogically and chemically. At the same time, the two
rivers Axios and Aliakmon, flowing into the gulf of Thessaloniki, were
examined to determine their poliution.

Area(s) studied:

The map shows the points of sea-water sampling (1, 2, 3, 4, 5, 6) and
sediment and coastal sand sampling (3, 4). The sign (B ) shows the
locations of shellfish culture and fishing. The results of physical,
chemical and micrebiological parameters are given in tebles 1, 2, 3, & and
5).

Material and methods:
Seven hundred and fourteen seawater samples taken from the Gulf of

Thessaloniki, as indicsted on the maps (1-6), were examined during the
period of 1975-1978.



- 445 =~

The samples were tested for the MPN of Coliforms, E. Coli, Enterococci,
sulfite reducing Clostridia, as well as for the isolation of Salmonellae
and Shigella.

One hundred and ninety-nine sediment samples, 199 coastal sand samples and
108 shellfish samples (one sample consisted of 5 shellfish) were also
examined. All these samples were taken from the Gulf of Thessaloniki at
the same time as the sea-water sampling. They were tested for the above
microorganisms to which Vibric parahaemolyticum was added. For shellfish
itself, coagulase positive staphylococci were also included in the
investigated pathogens.

For the MPN of Coliferms the Multiple tube method was used with the
"Minerals modified Glutamate" as a medium as well as the filtration methad
(millipore) with M-endo agar as a medium. For the MPN of E. Coli the
Multiple tube method was used with the same medium used for the Coliferms,
and the filtration method with M-FC agar as a medium. It was found that
the results obtained by the two methods used, i.e. the multiple tube
method and the filtration method, did not differ significantly.

for the MPN of Enterococcus the filtration method was used with
M.-enteracocci agar as a medium. For the MPN of sulfite reducing
Clostridia the medium D.R.C.M. was used. for the isolaticn of Salmonellae
the selenite broth was used and for the isclation of Shigella the G.N.
broth was used. For the number of coagulase positive Staphylococcus the
medium "Staphylococcus agar" was used and for the isolation of Vibrio
Parahaemolyticum the "Alcaline peptone Water".

Results obtained:

The results of the examination of the 714 sea-water samples for Coliforms
and E. Coli during the period 1975 - Sep. 1978 are given in table 2, figure
T

From the table, it is gquite clear that Coliforms are more numerous in all
but area 3 where Coliforms and £. Coli are present in roughly equal
numbers.

Table 3 and figure 2 show the number of Enterococci and sulfite reducing
Clostridia found.

Enterococci and sulfite reducing Clostridia are to be found in all areas
although Enterococci are present in greater number in areas 2, 4 and 6,
while in area 3 Enterococci and sulfite reducing Clostridia are present in
roughly equal numbers.

Tables 4 and 5 and figures 3 and 4 show the results obtained by examination
of 199 samples of sea sediment and coastal sand. All samples were taken
from areas 4, 5, and 6.

From the tables and figures it is evident that the number of Coliforms is
much greater in area 5 found in saimost 160 per cent of the samples.
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Certainly, E. Coli are to be found in all three areas, especially in areas
4 and 5. In area 6 they are present in smaller number, being found only in
5 per cent of the samples,

As far as Enterococci and sulfite reducing Clostridia are concerned, the
results are given in tables 6, 7, and in fiqures 5 and 6.

To find out the extent to which the gulf is polluted, 20 samples of sea
water and sediment were collected in 1978 in four runs: A, B, C, D (see map
of Thermaikes Gulf),

The distance of the runs from the coast were as follows:
A-1250 m, B-2500 m, C-5500m, and D-11D00 m.

From the water samples obtained during the runs, the following were
isolated:

Four Vibric parshaemolyticum, 10 Serotypes of Salmonellae: §. Senftenberg
(4), S. Agona (3), S. Blockley (1), S. Fresno (1) and S. Wien (1).

Finally by the method of swsbs the following microorganisms were isolated
during the runs: ' '

Seven Serotypes of Salmonellae: 5. Agona (4), S. Senftemberg (2), S.
Paratyphi B (1).

Table 8 shows the results of microbiological and chemical analysis of the
108 samples of shellfish from the Gulf of Thessaloniki (five shellfish
constitute 1 sample).

In detail, the results are as follows: Dut of the 108 samples, Celiforms
were found in 86 and great numbers of E. Coli were found in 74.

Pathogenic Staphylococci were isolated in 35 samples. Sulfite reducing
Clostridia in 52. Enterococci were found in 62 samples.

In 5 samples during the runs, Serotype E. Coli (D 5/B5
026/86’ 0 25/B ), were found in one sample S. Typal, in 10
samples S%lgel a Sonnei and in B samples Proteus.

At the same time, the above mentioned samples were tested chemically for
the determination of Pb and Hg: The results were for Pb 1.25-4.15 mg/1 and
for Hg 0.02 mg/l.

Results and their interpretsation:

From the results obtained, it is evident that the Gulf of Thessaloniki is
polluted continuously and at a great distance from the coast and from the
wastes of the city of Thessaloniki. The results also show that in order to
draw the right conclusions two samplings should be carried out from the
same point and at the same time, one of sea-water and the other of
sediment. Sea water often appears less polluted than sediment.
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List of publications:

1) Neuere Untersuchungen auf die Schalentiere-bedingten {Austern)
Infectionen - 1948.

2) Research on the pollution of the sea-water of the Gulf of
Thessaloniki - 1971.

3) Analysis of the sea-water polluting fatty substances by
Gas-Chromatography - 1971.

4) Purifications of sewage from microorganisms through the
action of Entomostraca of the genus Daphnia of the order
Cladocera - 1971.

5) Mediterranean Pilot study on Environmental degradation
and pollution from Coastal development. Pollution in the
Thermaic Gulf - 1973,

6) Les résultats des examens de l'eau de mer du golfe de
Thessalonique du 26.5.77 jusqu' a Mars 1978. (1978).

7) Observations sur la pollution (Chimique et microbienne)
du Golfe de Thessalonique pendant les dernieres dix annees

(1968-1978) - 1978.

8) La pollution des riviéres de la Gréce du Nord. - 1978.
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Table 3: Sample areds for sea—water and the results of microbiolégical examinations for enterococci

and sulfite-reducing Clostridia from 1 Japuary 1975 to 30 Septenmber 1878

SEA WATER
Enterococci per 100 ml Sulfite-redvcing Closcridiaf

per 100 ml

Sections | Samples 1-1000 V] 1-1000 2]
1 21 6 (28.5%) 15 (71.52) 5 (23.8Z) 16 (76.27)
2 152 123 (80.9%) 29 (19.17) Bl (40.1Z) g1 (59.97)
3 68 48 (70.57) 20 (29.57) 48 (70.5%) 20 (29.57)
& 241 141 (58.5%) 100 (41.5%Z) 48 (19.97) 193_ (BD.1Z)
5 179 54 (30.1Z) | 125 (69.9%) 63 (35.12) } 116 (64.9%)
[ 53 36 (67.92) 17 (32.17) 8 (15.1%) 445 (BL4.9Z)
Total 714 408 (57.17) | 306 (42.9%) | 233 (3-2.61) 481 (67.4%)




- 451 =~

Figure 2
o —————
2 .
ﬁ Q"WMENTEROCDCCI
g S E A WwWAT E R
g1 [
') SULFITE-REDUCING
o, CLO STRIDI A
901lﬂ
801
704 -
60T ] " '
401 '
ol
30F -
207
f
10T
1 -z . 3 4 5 6
) L $ E C T ' O N S ’ =
Table 4: Sample areas for sediment and the results of microbioclogical examination for coliforms
and E. coli from 1 January 1975 to 30 September 1978 ' ’
SEDIMENT ) !
Coliforms " E. ecoli
Sections | Samples Pos. z Neg. Z | Pos. z Neg. b4
4 132 70 53.1 62 49.6 24 18.2 | 108 81.8
5 38 38 |100.0 0 0.0{ 21 |55.2 ] 17 | 448
6 T29 B 27.5 21 72.5 2 6.8 27 93,2
Total 199 116 83 &7 152
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Table 5: §

zuple areas for coastal sand and the results of microbiolopical examinstion for
coliforms and E. coli frow 1 January 1975 to 30 September 1978

COASTAL SAND

Coliforms E. coli
Sections; Samples| Pos. Z Keg. z Pos .l 1 =z Neg. 4
4 132 78 | s9.1 | 564 |40.9 | 18 13.6 | 114 | B6.4
5 s 37 97.4 1 2.6 20 52.6 18 47.4
] 29 11 37.9 18 62.1 1 3.4 28 96.6
Total 199 126 73 39 1 160
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Table 6: Sample areas for sediment and the resulrs of microbiological examination for enterococci
and sulfite-reducing Clostridia from 1 January 1975 to 30 September 1978

SEDIMENT
Enterococcl ) Clostfidia
Sections | Samples | Pos. Z Reg, z Pos. Z Neg. Z
4 113 78 69.1 35 30.9 69 61.1 44 38.9
5 59 24 40.6 35 59.4 25 52.4 34 57.6
& 2? 25 92.5 2 7.5 15 55.5 12 44.5
Total 139 127 72 109 S0
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Table 7: Sample areas for coastal sand and the results of microbiological exsmination far
enterococel and sulfite—reducing Clostridia from 1 January 1975 to 30 September 1978

COASTAL SAWD

Entetrococct Closcridia
Sections | Samples Pos. z Keg. b4 Pos. 4 Neg. z
4 113 - 53 46.9 1 60 53.1 57 50.4 56 49.6
5 59 &4 74.5 | 15 25.5 28 47 .4 31 52.6
[ 27 21 77.3 6 22.3 I4 | 51.8 13 48.2
Total 199 ns | B g9 100
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Table 8: Results of microbiological and chenical examinati

on of 540 (108x5) smuples of shellfish

frow the Gulf of Thessaloniki from 1 Janudry 1975 to 30 Séptember 1978

ISOLATED MICROORGANLSHS

SAMPLES

Coliforms

E. coli

Staphylecocei coagulase positive
Sulfite-reducing Clostridia
Enterococci

Sarorype of B, coli USSIBS
Serotype of E, coli 026136
Serotype of E. coli 01251315
Salmenella typhi .

Shigella somnei
Proteus

Pb mg/l
Hg mg/1

86
74
a5
57
62

1

1

10
3
1.25-4.25
0.02
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Participating Research Centre: Environmental pollution control

project
Ministry of Social Services
ATHENS
Greece
Principal Investigator: J.A. PAPADAKIS/M. THALASSINOU-TZATZANL/

A. SOTIRACDPGULOS

Introduction:

The Ministry of Social Services participates in project MED VII through its
three laborataries:

a) Environmental Pollution Control Project
b) Athens School of Hygiene, and
¢c) Central Public Health Laboratory

Because the above laboratories are monitoring the coastal water quality in
the same geographical area, the monitoring work has been allocated
acecording to their data collection and analysis capabilities and
co-ordinated by the above Project.

A survey during the period 1962-77 of a number of bathing beaches near
Athens, using the mean value MPN of coliforms for sea-water and carried out
for the most part during the bathing season (15 May to 15 October),
revealed the influence of land-based sources of pollution on the quality of
ithe sea-water.

As a result of the above study and the yearly routine examination of
beaches, the Ministry of Sacial Services has forbidden bathing at some
beaches of the Athens area and taken appropriate measures to improve the
quality of others.

Since the establishment of the Envirommental Pellution Control Project, a
broad sampling network was developed and progressively extended, reaching
72 sampling stations.

The Central Public Health Laboratory has been involved in the
microbiological examination of recreational coastal water as well as
shellfish culture areas since 1965.



Area(s) studied:

Four bathing beaches along the Attica peninsula were chosen as sites for
MED VII recreational multiple sampling monitoring and one as a site for
shellfish area monitoring: Alimos, Varkiza, Ag. Marina, Lagonissi (the
latter chosen as reference beach), and Loutropyrgos as a shellfish-growing
area. The exact location of the above beaches is shown on figure 1
attached.

Materials and methods:

The "Guidelines for Health Related Monitoring of Coastal Water Quality”
(WHO, 1977) were used as the basic document for the implementation of the
work undertaken. More specifically the following methods and materials
were used for each of the parameters monitored:

Sea-water samples:

Total colifarms: (a) Multiple tube method with glutamate modified for
sea-water (Papadakis, 1975); (b) Membrane filtration method with M-endg
agar according to the Guidelines as well as with Teepol broth. The m-FC
agar proposed at the Rome meeting (May 1977) was found unsatisfactory.
Dilutions were made with phosphate buff=r.

E. Coli: (a) Multiple tube method (as above) with differentiation at 449C
(gas from lactose, indole positive); (b) Membrane filtration method
according to the Guidelines.

Faecal Streptococei: Membrane filtration method according to the
Guidelines.

Pathogens: (a) Salmonellae - filtration through membranes incubated in
buffer phosphate for 20-24 hours at 37°C and subculture in modified
Rappaport's medium and Muller-Kauffman's tetrathionate broth at 43°C.
Enrichment media were plated on brillant greem lactose-sucropse agar; (b)
Vibrio-filtration through membranes incubated in alkaline peptone water for
6-8 hours and subculture on TCBS agar.

Sediment samples:
In accordance with the Guidelines, sediments were shaken for 30 minutes in
phosphate buffer and dilutions were made, of which 1 ml was examined with

the pour plate technique.

(a) Total coliforms: Teepol agar; (b) Faecal coliforms: M-FC agar;
(c) Faecal streptocecci: K-F agar.

Beach material samples:

(a) Total coliforms; (b) Faecal coliforms and
(c) Faecal streptococci.
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The beach materials were examined according to the Guidelines, using
the multiple tube technique. The amount of beach material samples
processed was 100 g.

(d) Pathogens: Beach material pathogens were examined using similar
methodology to that used in shellfish-growing areas (see below).

(e} Fungi: The spread plate technique was employed using rose bengal
agar as it is described in the "Method for Microbiological Analysis
of Waters, Wastewaters and Sediments" (Inland Waters Directorate,
Canada Centre for Inland Waters, Burlington, Ontaric, Canada).

Shellfish area samples:

(a) Total colifarms, (b) Faecal coliforms and {c) Faecal streptococei
were all examined on the shellfish flesh, sea-water and sediments of the
area, using the multiple tube technigue with sodium azide broth as
presumptive medium and ethyl azide broth as the confirmatory medium. The
amount of shellfish flesh, including the sediment sample processed for the
analysis, was 100 g.

(d) Pathogens: the following pathogens were examined on shellfish flesh,
sea-water and sediments: Salmonellae, Shigella, Vibrio cholerae and
non-agglutinable vibrios, and Vibrio parahaemolyticus. All these tests
were performed in accordance with the suggested guidelinmes. For the Vibrio
parahaemolyticus, teepol salt broth was used as enrichment medium instead
of the G. Pselichidic salt meat broth. For the Salmonellae test, the
pre-enrichment procedure was applied.

Beach sanitary surveillance

The four recreational sreas monitored were also surveyed from the sanitary
point of view during each sampling. Both the beach and sea-water area were
examined and clsssified according to the Garber code.

Salinity:

Salinity was measured by thé hydrometric method, based on the specific
weight, and by the argentometric method as deseribed by the US AWWA
Standards.

Turbidity:

The Secchi disc method was not applied because of the shallowness and
cleanliness of the waters of 10 m from the coastline. Turbidity was
therefore measured by the nephelometric method using a turbidimeter as well
as by comparison with original Si[]2 suspensions.

Dissolved oxygen:

This was measured by the Winkler method in situ while only the final
titration was carried out at the laboratory.
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Temperature:
This was measured in situ by simple thermometres.
Meterological data:

Specific metearological data from two meteorological stations were
collected in view of possible correlation between wind and coastal
poliution.

Dynamic conditions:

Data on tides were requested from the Army Hydrographic Services. Waves
were usually evaluated. Current data presented some difficulties and no
information was available for surface currents.

Hydrographic econditions:

The required hydrographic data were collected lecally at the sampling
points.

Results and their interpretation:
Sea-water

Generally, low densities for coliforms and even lower for faecal coliform
organisms were found, except for the two sampling points at which, during
October 1977, rather high values of both indicator organisms were noted.

Faecal streptococci were not found consistently lower or higher than faecal
coliforms.

The low coliferm and especially the very low faecal coliform densities
indicated that the monitoring areas are free from sewage pollution and
their waters are of excellent guality for bathing and recreational
activities.

Pathogens, Salmonellae, Shigella and V. cholerae were not found except at
one sampling point from which salmonellae were isolated only once during
October 1977 when the area was accidentally polliuted by sewage.
Non-agglutinable vibrios were occassionally found at all sampling points
except for the two points of the reference area.

Sediments

The densities of coliform per gram, found in sediments of all sampling
points, are rather low, with the highest values observed during the summer
menths.,

Faecal coliform organisms were generally absent with a few exceptiens, but
faecal streptococci were observed at levels approaching the coliform
densities.

There was a fluctuation for both coliforms and Faecal streptococci, the
highest densities being found during the summer mdnths of both years.,
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Beach materials

Sand was the only beach material examined from the microbiological peoint of
view. Our data indicate that occasionally there is some bacterial
contsmination with coliforms and faecal streptococci. Fungi were
consistently present at all the sampling points.

Shellfish-growing area

The water quality of the shellfish-growing area was found to be within the
proposed WHO/UNEP standards (Rome 1978) for ell samples, while the
" shellfish flesh quality exceeded them only once.

Beach sanitary surveillance

Suveillance of the sanitary conditions of beaches has shawn that at some
stetions there is a permanent accumulation of rubbish originating from
sea-water, beach and domestic refuse, while in others there is only
oceasional accumulation of some of the above-mentioned litter.

Intensive growth of algae occurs during spring and summer offshore near
polluted areas. A considerable population of Jelly fish have also oceurred
recently.

Wind cenditions

During MED VII samplings, the winds were quite variable in dirction,
particularly at point C (Ellinikon airport), while wind speeds were rather
low (0.1-0.4 m/sec) on most of the sampling days. The maximum wind speed
during the respective months ranged between 7 and 13 m/sec.

A correlatjon of winds and pollution of the beaches has been experienced.
Wave conditions

Wave conditions during MED VII sampling days were mostly of rate 1 and 2,
i.e. calm and nearly calm with only one exception in January 1978 {rough).

Tidal coenditions

The tidal range during MED VII samplings was quite limited. The flood tide
ranged from 0.02 to 0.08 while the ebb tide ranged from 0 to 0.21 in
relation to respective monthly mean sea-level. No considerable effect, as
far as pollution is concerned, is expected from tidal ranges of this order
of magnitude,

Currents

The available data for currents do not provide sufficient information on
the water movement along the coasts, because they are limited to only one
point (D) and also refer to comparatively deep waters (25 m), and they do
not give any information on the surface water movements, which are most
important for coastal water quality, in relation to pollution transfer.
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Participating Research Centre: Environmental Health Laboratory
The Hebrew University
Hadassah Medical School
JERUSALEM
Israel

Principal Invesiigator: H.I1. SHUVAL
Introduction:

Pathogenic bacteria and viruses are discharged in large numbers intc the
sea through sewage outfalls, posing a potential health risk to consumers of
shellfish bred in adjacent waters or to bathers at contaminated beaches.
Although enteric bacterial concentration is rapidly reduced in the sea as a
result of dilution and other factors, it has been demonstrated that the
pathogens can survive long enough in sufficiently high concentration to
lead to disease transmission via bathers swimming at contaminated beaches,

The introduction of uniform standards and test procedures are an essential
aspect of marine pollution control. This unifermity has recently been
achieved through the UNEP/WHC Mediterranean pollutien monitoring and
coastal programmes, in which the Environmental Health Laboratory in Israel
is an active participant.

In the last five years, the Environmental Health Laboratory initiated
the following projects:

a) Analysis of coastal water gquality data in the Tel Aviv
region during 1963-76. This included bacteriological testing
and statistical analysis in co-operation with the Felix Public
Health Laboratory of the Ministry of Health, Tel Aviv,

b) Field and laboratory studies on the die-away kinetics of
coliforms and enteric viruses in coastal waters.

c¢) Development of sensitive methods for enteric virus detection
in large volumes of sea-water.

Area(s) studied:

In accordance with the MED VII Plan, during the study period routine
bacteriological tests were made on samples taken at three (3) main beaches
designated as sampling stations. All were in Tel Aviv. About 50 per cent
of the samples were also examined for enteroviral content. In addition,
occasionally, samples were taken from most of the other Tel Aviv area
beaches for purposes of comparison of bactericlogical and viral content.
(See mzp number 1).
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At a point about B80 metres out to sea, the untreated sewage aof Tel Aviv is
discharged into the sea through a pipe. The closest beaches are the Tel

- Baruch beach, No.&6, just north of the Reading pewer plant sewage outfall
and Nachshon, No. 8a, and Hiltan, No. 8k, beaches which are in the south.
(The results from Stationms 8a and 8b were unified under ane heading. These
two stations were combined for data collection purposes because they are
very clase ta each other and provided few samples). Station No. 5, which
is further north of the sewage outfall, was selected as a control station.
It should be noted that there are other peints at which sewage enterg the
sea. One major source is the Yarkon River, into which cities Ffurther
inland release their sewage. Another smaller outlet outlet is at Feingold
Street, No. 13b, and near Bassa, No. l4a, bath of which are to be closed
down.

Data on wind velocity and direction, temperature and conductivity were
collected for the zbove-mentioned beaches. The mean wind velocity was 10
and the wind direction generally was from south teo north. The temperature
of the beaches studied are tabulated in tahle 1. This table shows the
range as 17 - 27°C, with the summer-time mean as 23°C. The mean faor the
remaining months was 20°C. For the purpose of this study the summer-time
was defined as the months of May to October, inclusive, The conductiviby
far these stations is presented in tatle 2. The mean for the entire year
was 47 millimho. However, it should be noted that the summer-time mean was
slightly higher (49 millimha).

Material and methods:

For the measurements of all the parameiers, the methods used were those
recommended by the project in "Guidelines for Health Related Monitoring of
Coastal Water Quality", WHD (Copenhagen, 1977). Because these guidelines
do not recommend viral tests, the organic flocculation methads far
concentrating and testing viruses in sea-water were develaped in our
laboratory. These tests vielded a mean virus recovery aof 63 per cent with
seeded polio virus in 35 litre samples of sea-water.

Results and their interpretation:

the primary data have been recorded in the datz forms submitted. 1In
additicn to the wind velocity, wind dirsction, temperature and
conductivity, the following parameters were also measured: total coliform
{number/108 ml.); faecal coliform (number/1C0 ml.); faecal streptococci
(number/100 ml); and enteravirus (pfu/l.). Due toc the limited number of
samples tested, it was not pessible to gauge each parameter's effect
(including seasonal changes). Therefore, only coliform and viral count
have been tabluated as requested. (See tables 3-6).

From these tables, the following can be sesn.
1. The mean value of the coliform count is lower in the summer than in the

reamining months (presented as "Others" in the tables). This was true at
all statinms but ane (table 4. Station No. §).



- 468 -

2. The percentage of positive enterovirus samples in the summer was 25 per
cent in contrast to 70 per cent in the remaining months. This same trend
was seen for the coliform.

3. If we compare table 6 to table 3, 4, 5, we observe an interesting
finding. About 30 per cent of the positive enterovirus samples were found
on beaches for which, in contrast, the bacterial pollution level was within
the accepted "safe beach" range.

The correlation snalysis between the various bacteria and the enteroviruses
are presented in figures 1-3, with the details of the regression line. The
presentation in these figures is based on data that are additional to the
information in taebles 3-6. A significant correlation was found between
total coliform v. faecal celi, total coliform v. faecal streptococci and
faecal coli v. faecal stretococci.

The mean ratio of positive enteric virus samples v. other positive samples
was as follows:

(2) enteric viruses v. total coliform = 1 : 3. 0 x 106

{b) enteric viruses v. faecal coliforms = 1 : B x 106

(¢) enteric viruses v. faecal streptococei = 1 : 4. 3 x 10*

A total of 15 different enteroviruses were identified, including types of
Poliovirus, Echovirus and Coxsackie virus (figure 4). In the sea, total
celiforms and fasecal coliforms were shown to have more rapid die-away rates
than enteroviruses. The die-awsy rate of the faecal streptococci more
closely paralleled that of the enteroviruses (figure 5).

Only two of the beaches surveyed {numbers 5 and B} met the accepted interim
microbiological quality criteria. Their mean values were under 50 faecal
coliforms/}00 ml. Beach number 6, however, failed to meet the criteria.
Its mean value was 174 faecal coliform/100 mi.

Conclusions:

(1} In general, the number of enteric bacteria are reduced in the sea
relatively more rapidly than enteroviruses.

(2) Faecal streptococei displayed a die-away rate similar to that of
enteroviruses.

(3) A wide range of enteroviruses can be detected in the sea at a distance
of up to five kilometres from the sewage discharge point in the sea-water,

(4) The microbiolegical concentration level in the sea was low in the
summer as compared to the remaining months. Apparently, this is due te
increased summer-time daylight and splar radiation which affects the
micro-organism die-away rate.
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Table 1

SEA TEMPERATURE IN SITU - SURFACE (°C)

T -

SAKPLING POINT

Country Club Tel Bamch  Kilton & Nachshon - 2
SAMPLE VALUES
Date
26.10.77 . 230 23.0 231.0
02.11.77 25.0 - == 25.0
23.11.77 = - 22.2 22.2
22.01.78 18.0 18.0 - 15.0
02.02.78 -- 17.5 16.5 - 17.0
14.02.78 == - 17.0 17.0
15.03.78 18.0 18.0 == 18.0
03.04.78 - 21.0 19.5 i 20.3
11.04.78 - - 20.0 20.0
02.05.78 20.0 - - 20.0
29.05.78 - 22.0 : 24.0 23.0
21.06.78 25.0 25.0 25.0 25.0
28.07.78 27.0 . 2.0 27.0 27.0
16.08.73 27.0 27.0 27.0 27.0
03.09.73 27.0 27.0 27.0 27.0
Hean values '’
Summer 25.2 25.2 25.5 4.6
Cthers 18.0 18.6 1.0 19.7
Total 23.4 22.6 22.6 21.9
St. Deviations
" Summer .3.0 2.2 1.8 2.7
Others o 1.6 2.3 2.8
Total 4.0 3.9 3.9 3.7
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Table 2

CONDUCTIVITY - SURFACE

(Millimho)

SAMPLING POINT

Country Club Tel Baruch Hilton § Nachshon Al:.[
Points
5 6 B
SAMPLE VALUDES
Date
22.01.78 47.0 47.5 - 47.3
02.02.78 - 44.9 44,5 44,7
14.02.78 - = 44.3 44.3
15.03.78 44.9 45.0 - 45.0
03.04.78 " g " az.5 47.% 45.0
11.04.78 - g 49.0 49.0
02.05.78 48.2 X == == 48.2
29,05.78 - 52.5 52.8 52.7
28.07.78 48.0 47.0 47.0 47.3
16.08.78 : . 47.5 ) 48.0 48.0 47.8
Mean values
Summer 47.9 ©.49.2 - 49.3 44.0
Others _ 45.9 45.0. 46.3 45.9
Total 47.1 " 46.8 it 47.6 47.1
St. Deviations ’
Summer 0.4 2.9 3.1 2.5
Others 1.5 2.0 2.3 1.9
Total 1.3 3.2 2.9 2.6
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Table 3

TOTAL COLIFQRMS - SURFACE (NO./100 ML) -

SAMPLING POINT

'Coum'.r)sf Club Tel Bg'ruch Hilton & :achshon :::;nts
SAMPLE VALUES b
bate )
26.10.77 —- 29 0 3.2
£2.11.77 60 — - 60.0
23.11.737 - - 10 - 10.0
22.01.78 20 380 —_ 85.1
02.02.78 == 6.0x10" 40 1513.6
14.02.78 - - 1c i0.0
15.03.78 8.91(1(.'.!:s 980 - 2754.2
03.04.78 - 7’.4:{].!3!3 250 1318.3
11.04.78 - - 500 500.0
02.05.78 5 - == 5.0
29.05.78 - 200 150 147.9
21.06.78 120 1.71103 500 457.1
28.07.78 70 4.3x10° Y 190.5
16.08.78 360 1.3x10° 250" 4s7.1
03.09.78 42 420, 10 54.9
jLog mean values : )
Summer 57.5 436.5 40.7 74.1
Others 213.8 3630.8 55.0 186.2
Total 95.5 1D00,0 46.8 166.0
ISt. Deviations
Summer 4.9 8.5 10.5 7.1
Others 25.8 9.5 ) 6.1 9.5
Total 9.2 10.2 7.6 D
Distribution PC PC PC PC
0 - 100 5 62 1 10 6 85 12 41
101 - 1000 2 25 4 40 5 45 11 40
+ 1000 1 13 5 50 0 0 6 18
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FAECAL COLIFORMS - SURFACE (HOD./100 ML)

IKG POIKNT

SAMPL
) . All
Country Club Tel Baruch Hilton § Kzchshon Poi
oints
5 6 8
SAMPLE VALUES
Date
26.10.77 = 0 0
23.11.77 =3 = .o
22.01.78 20 - -4 20.0
02.02.78 =5 5.2x10° 10 537.0
14.02.78 e - 0 0
15.03.78 4.6x10° 530 =2 1513.6
03.04.78 - 5.1x10° 40 446.7
11.04.78 - - 150 150.0
02.05.78 5 == == 5.0
29,05.78 g 90 LS 83.2
21.06.78 80 700 30 117.5
28.07.78 70 1.7x10° 20 131.8
16.08.78 210 750, 130 263.D
03.09.78 33 . 330 10 46.8
Log mean values
Summer 45.7 173.8 20.0 36.3
Others 302:0 5248.1 15.7 52.5
Total 77.6 537.0 18.1 43.7
5t. Deviations
Summer -§.1 15.1 5.6 7.6
" Dthers 46.6 10.0 8.5 20.5
Total 8.5 19.5 6.1 12.0
Distribution PC PC PC PC
o - 100 5 72 2 22 82 16 59
101 - 1600 T - 14 4 44 18 7 26
1 14 3 34 0 4 15

+ 1000
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* Table §

FAECAL STREPTQUOUCI - SURFACE (ND./100 ML)

SAMPLING POINT

Country Club Tel Baruch Hilton § Nachshon M?
Peints
5 & 8
SAMPLE VALUES
Date .
02.02.78 = 2.5x10% 158.4
14.02.78 - : - o
15.03.78 1.2x103 130 - 389.0
03.04.78 = 1.2:103 20 in4.8
11.04.78 = = ' 80 80.0
02.05.78 13 - - 13.90
29.05.78 -= 330 130 ' 208.9
21.06.78 40 180 50 ° 72.4
16.08.78 120 38 20 44,7
03.09.78 18 180 & 26.9
Log mean values
Summer . 32.4 ) 144.5 29.5° 46.8
CGthers 1200.0 1584.9 39.8 60.3
Total 67.6 398.1 13.8 53.7
St. Deviations - . .
Summer 2.7 2.5 3.7 2.8
Others - 14,1 2.6 10.5
Total 6.2 B.1 6.5 5.6
Distribution PC PC PC - PC
0 - 100 3 60 1 14 7 88 11 - 's5
101 - 1060 1 20 4 57 1 12 6 30
+. 1000 1 20 2 29 0 0 3 15
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Table 6 -
EXTEROVIRUS - SURFACE (PFU/L)
SAMPLING TPOINT
Country Club Tel Baruch Hilton § Nachshen
5 S ]

SAMPLE VALUES

Date

26.10.77 - - 2/70

02.13.77 0/85 == 2. .

23.11.77 - - 0/85

22.01.78 1/50 4/70 -

02.02.78 - - 0/85

14,.02.78 - - 1/85

15.03.78 /85 &8/50 - .

03.04.78 - 7780 7/80

02.05.78 0/85 - - 8

29.05.78 — 0/8% 0/85 -
Wo. of Positive PC PC o All l;gi“ts

2 50 -3 75 3 50 8 57
No. of Negative ’ S
2 50 1 25 .3 .5 6 = 43

Figure 1: Correlstion between coliforms =nd
viruses found at beaches
=1
€ ® et
.‘Q? e ’/.'/"' u.-’:"’.
L.
" .’-—"'
249rr " re0.7741
- p < 0.01
&h
el ]
| 1 1 [l i
0 ] Fd ] ] | JR 1

log Coli/ 100 mi

Figure 2: Correlation between feecal coli and
viruses found at beeches
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Figure 3: Correlation between faecal

streptococel and viruses

found at beaches
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Figure &: Types- of viruses found at b;zaches
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Figure 5: Disappearcnce of enteric microorpanisms ar verious distznces from the
point of discharpe
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Map no. 1: Tel Aviv's Cosstal Repion in which samples were taken
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Participating Research Centre: Environmental and Water Resources Engineering
Bivision
Technion City - Israel Institute of Technology
HAIFA
Israel

Principal Investigator: N. BURAS/Y. KOTT
Introduction:

In recent years a number of studies on the recovery and survival of
pathogens in sea-waters have indicated the presence of Salmonellas as well
as enteric viruses in coastal waters, esven when the coliforms densities
were low. The pathogens survived for leng periods of time in wastewater
and their concentration was usually higher in sediment than in sea-water.
As the coliform bacteria (the indicators of pollution) are relstively
sensitive to the marine environment, the question arocse whether it would
not be advisable to use a more suitable organism as indicator of pollution
in the marine environment.

Previous studies carried out in the laboratory showed that E. coli
bacteriophages were more resistant than £. coli bacteria to marine
envirgnmental conditions. It was proposed therefore to study and compare
the recovery of coliform bacteria, of Salmonellae, E. coli B bacteriophages
and human enteric viruses from various coastal waters and sediment samples.

Area(s) studied:

For this study three sampling points were chosen, all located in the Raifa
Bay: one at the southern entrance to Haifa, in a residential area
(location 1) (see attached map), the second in the eastern part of the Bay,
in the centre of the industrial area (location II)} and the third in an
unpolluted area along the sea shore.

Sampling point 1 (location 1), at the Tirat Hacarmel outfall (10,000 people
community) where mainly treated domestic wastewater is discharged into the
sea. The wastewater trestment consists of settling in an Imhoff Settling
Tank, and collection into two oxidation ponds. The retention time in each
of the ponds is four days. (A tptal of eight days). The flow rate of the
effluent into the sea is 2,000 m”/day. Frequently, when the quantity

of the incoming wastewater is too large, it is made to by-pass the
treatment plant and is reintroduced directly into the effluent channel
which is discharged intc the sea.

The area surrounding the outfall consists of consolidated sand dunes; the
beach is sandy and smooth.

The currents at the sampling point flow in a south-east direction. The
ground water in the area is in the form of a shallow aquifer.
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Sampling point II (location II) is in the eastern part of the Haifa Bay, at
the mouth of the Kishon River (see attached map) in the centre of the
industrial area.

Feeding the Kishon River are: (1) secondary effluent of the Haifa Treatment
Plant. The flow of the effluent is at a rate of 30,000 m /day (more

than three times the original volume of the river, (2) wastes from a
textile factory (mainly dyes), (3) wastes from petrochemical factories, (4)
wastes from an ocil refinery.

The surrounding land consists of sandy soil. The ground water is a shallow
aguifer.

Being heavily polluted the Kishon River does not constitute a water
resource. It flews into the sea and as a result the whole area is heavily
polluted.

Sampling peint III (location IT1I) is an unpolluted sea shore, situated
north of the first sampling point, The surrounding area consists of
consolidated sand dunes. The beach is sandy.

At location III 2 number of points have been sampled:

This summer, contrary to usual custom, the effluent has been used for the
irrigation of cotton crops. As a result wastewater (or effluent) has not
been discharged into the sea during the summer months. The discharge into
the sea has been resumed during the manth of September. The samples
examined at location I have been collected therefore between the end of
September and the end of December.

Monthiy sampling at all poinfs will continue throughout the year.

Before choosing location I as the sampling point, a number of additional
locations have been tested. They are all situated in the vicinity ef Tirat
Hacarmel (location I) and have very similar characteristics. The results
obtained have been summarized in table 2.

Samples were collected as follows:

(a} From the wastewater discharge,

(b} 50 m. north of the ouifall, and

(c) 58 m. south of the outfall into the sea.

At each point, water and sediment samples were collected.
The samples were brought immediately to the laboratory and tested.

Material, methods and parameters measured:
Tests for recovery of the following organisms were performed on each sample:-

1. Coliform bacteria
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2. Faecal coliform bacteria

3. Salmonellae

4. Bacteria that grow on nutrient agar
5. E. coli bacteriophages

6. Human enteric viruses

On a pumber of samples the presence of Vibrio parahzemolyticus was also
tested. The tests for the recovery of coliforms and fascal bacteria were included.

1. Filtration on membrane filters (growth on MFC medium with incubation
at 35°C and 44.5°C).

2. MPN multiple tube fermentation (presumptive and confirmed) and growth
of Ec medium with incubation temperature at 44.59C for faecal coliform
bacteria.

3. Enrichment of tetrathionate and selenite medium for the recovery of
Salmonellae.

4. Standard plate count on nutrient agar.
5, MPN-phage for the recovery of £. coli B bacteriophages.

6. Concentration of sea-weter samples on membresne filters and elution
with 3 per cent beef extract for the recovery of human enteric viruses.

7. Direct inoculation of wastewater samples for the recovery of human
enteric viruses,

Results and their interpretation:
The results obtained are summarized in tables 1 and 2, they show:

1. In the clean "control" point (location III) bacterias were recovered on
the nutrient agar Petri dish. Their number was low {see table 1).

Coliform bacteria were recovered in very small numbers. No fzecal coliform
bacteria, Szlmonellae or human enteric viruses were recovered. No E. coli
bacteriophages were found.

In addition to the Tirat Hecarmel discharges {location I) two smaller
wastewater outfalls st Shikmona and Bat-Galim were examined and the results
obteined at all three points are summarized in table 2. Shikmona turned
out to be the least polluted of the three sampling points. The number of
coliform bacteria recovered from the sediment was higher than in the water
above. The standard plate count was also higher in the sediment than in
the ses-water (table 2Z). No Salmonellse were recovered at this sampling
point.
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At the Bat Galim point the number of colifarm bacteria increased with the
distance from the discharging point. This may be due to the direction of
the current. Salmonellae were recovered fraom the discharging wastewater
and bacteriophages of E. coli B were reccovered in all the samples.

At the Tirat Hacarmel sampling puinE the number of coliform bacteria in the
discharging wastewater was high: 3.3 x 137/100 ml. The results obtained by
membrane filtration were lower than by the MPN fermentation tube method.
The number of E. coli bacteriophages were 3.3 x 106/100 ml a concentration
usually found in wastewater.

Salmonellae were isolated, and the strains recovered were: S. typhimurium,
§. infantis, 5. emek. The pumber of bacteria (SPC) and coliform bacteria
was higher in the sediment than in the sea-water. '

The number of E. coli bacteriophages was usually higher in the sediment
(figure 4) than in the water above, and the ratis coliform bacteria-£. coli
bacteriophages was smaller than in the wastewster. Salmonellae and viruses
were recovered from all the wastewater samples tested. No Salmonellae and
no human enteric viruses were recaovered from the water samples or sediment.
Additional dates need to be coliected during the warm months of the year to
allew conclusions to be drawn.

In comparing the efficiency of recovery cf coliform bacteriz by the MPN
method and membrane filltration method, no definite conclusions could be
drawn (figure }). In some instances the recovery was higher by the
filtration method especially in the sediment,(samples 1, 9, 1G); in others
it was higher by the MPN method (sample 14, 15), the recovery of faecal
coliform being generally higher by the MPN than by the filtraticn method.

The concentration of coliform bacteria was higher in the sediment south of
the outfall than in the water at the same sampling pocint. In the water,
the concentration of coliferm bacteria was higher nerth of the outfall
{(figure 3).

it is well know that oysters found in polluted waters concentrate viruses
(infectiaus hepatitis virus). Since fish living and growing in polliuted
waters might concentrate bacteria as well as viruses in their crgans, and
might therefore constitute public health hazards, it is important to study
the recavery of enteric bacteria (indicator as well as pathogen) E. coli
bactericphages and human enteric viruses from various organs of fish grown
in the vicinity of domestic wastewater outfalls into the sea,

Preliminary studies on the recovery of bacteria and viruses from organs of
fresh water fish grown in pelluted waters have been carried ocut. The
results obtained showed that no bacteria were found in various organs prior
to their imtroduction into the polluted waterpond. At the end of two
months growth period in wastewater, polluted water celiform bacteria were
recovered from all the organs of the fish. Their concentration ranged
between lDl/gr (in meat and liver) to 10'/gr in the contents af the
digestive tract.



- 482 -

A similar situation might occur in the vicinity of the wastewater outfall
into the sea and therefore fish growing in the area might constitute a
public heslth hazard both to fish and man.

It is planned therefore to test fish found in the vicinity of the sampling
points and determine the concentration of coliform bacteria, Salmonellae,
£. Coli bacteriophages and human enteric viruses in their various organs.
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FIG. 2 RECOVERY OF COLIFORMS (MEMBRANE FILTRATION} FAOM SEA WATER
AND SEDIHENT IN THE VICINITY OF WASTEWATER CUTFALL
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Fig. 3 RECQVERY. OF FECAL COLIFORM FROM SEA WATER AND

SEDIVMENT
N THE VICIHITY OF WESTEWATER QUTFALL
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Participating Research Centre: Public Heslth laboratory
Public Hezlth Department
HAIFA
Ierael

Principal Investigater: R. SELIGMANN
Introduction:

Approximately 28 bathing beaches were monitored monthly during the summer
using the following parameters:

1967-1977: total and fasecal coliforms
1967-1977: total heterotrphic bacteria
1970,1973: Salmonellae

1971,1574,1977: V. paraheemolyticus and V. alginolyticus
3 winter months and 6 summer months 1977: faecal streptococci

Area(s) studied:

The area studied is on the spproximately 20 km long shoreline from Rosh
Hanikra, the most northern sampling point in the Northern District, to
Givat QOlgs, the most southern peint in the Hsife District.

Description of the coast: North District - at Rosh Hanikra Control Station
(C 1) and the bathing beaches Shave Ziecn (Nos. 1, 2) small rock formations
reach the coest. Haifs District - the bathing sites at Hof Hacarmel ( Nos.
3 & 4), Givet Olga (Nos. 5 & 6), and the Control Station at Caesarea (C2)
are on flat sandy beaches,

Material and methods:

Total and faecal colifarms

2) MED VII reference methods

b) Membranme filter procedure, M-endo broth, according to Standard Methods
for the Examination of Water and Wastewaler, APHA 1975, subculture of up to
5 colonies into EC broth, incubation at 44.5°C/24 hours.

c) Multiple tube technqiue {MPN) according to APHA.

Faecal streptococci

Membrane filter procedure according to APHA: colonies were often confirmed
by biochemical tests.

Salmonellee and Shigella

a) Tetrathionate broth incubated at 35°C/24 hours and 4B hours, subculture
on BG-agar and S5-agar, incubated at 35°C/24 hours and 4B hours, isolation
of suspicious colonies for biochemical and serological examinations.



= 451 -

b) ODulcitol-Selenite broth incubated at 41.5°C/24 hours and 48 hours,
subculture on MacConkey and SS-agar, after imcubation at 359C/24 hours and
48 hours 1solation of suspicious colonies for further tests.

V. parahaemolyticus and V. cholerae

a) Membrane filter procedure, filter transferred to TCBS medium, incubated
at 3£°C/24 hours isolation of suspicicus colonies for biochemical tests.

b) Sediment after centrifugation spread to TCBS-agar, further examination
as (a).

£ ]

BDD5

Dissolved oxygen was measured by Azide modifiction of Jodometric method
(APHA - 1975},

Settleable matter

Determined in Imhoff cone and reporited as ml/1 (APHA - 1973),

Total suspended matter

APHA - 1975.

Results and their interpretation:

Total and faecal colifcrms

Measured by 3 metheds, all samples conformed to the requirements for
bathing waters (Council of the European Communities). Tatal Faecal
califorms/100 ce numbered less than 100 in 95 per cent of the samples.
Faecsl streptococci

The Council of the European Communities allows 100/faecal streptococci/l100
ce. 95 per cent of the samples contained less than 50 enterococci/i00 cc.
Two samples exceeded the approval limit: 120 enterococci/100 cc. were
isolated from one sample in June (Control Station C.1) and 139 enterococci/
100 cc from the other in August {Station 4).

Pathogenic organisms

Selmonellae, Shigella and Cholera were negative in all cultures. V.
parahaemolyticus were isolated from 5 bathing beaches {nos. 2,3,4,5 and &)

and from one of the Control Stations (C2). The strains were sent to the
United Kingdom for serotypisaticn and the Kanagawa test.
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Naaman River

BOD.: 20 - 25 mg/1 O
T. g. M. : 140-276 mg%l
Settleable matter: 0 ml/1.

Kishon effluents

BOD.: 317 - 408 mg/1 O
T. 5. M. : 86 - 228 mg%l
Settlesble matter: 0O ml/l

Conclusions:
Quality of coastal waters

As in previous years, the gquality of recreational waters al our approved
bathing beaches proved highly satisfactory.

Quelity of rivers and effluents

In our experience, the two mandatory parameters, BOD. and settleable
solids, although most informative, are insufficient ?or the assessment of
the pollution in rivers and effluents. We propose the measurement of three
more parameters: pH, COD and total suspended matter. )

Methodology

Based on the examination of 250 marine and 50 drinking water samples, we
recommend not to use the MFC medium at 35°C for the determination of total
coliforms., The M.endo broth proved to be far superior.

We refrain from drawing more conclusions. We expect the field and
laborstory data compiled from all the institutions participating in MED VII
will serve conclusively the objectives of the project.

All samples collected during the summer, including those pertaining to MED
Vil and 180 samples from 15 other bathing beaches, were examined for the
determination of total and faecal coliforms by three methods (see above).
For an optimal evaluation of the results obtained by other methods, in
addition to the compulsory methods of MED VII, which were applied in our
and other institutes we suggest that sppropriste recording sheets be
prepared. The data on these additional sheets should be studied as part of
the information recorded ,on the relevant MED VII data forms or, if from
samples not in the framework of MED VII, they should be analysed
independently,
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Cosstal stations for monitoring and reference points
Northern Discrict {(Snave Zionr) and Haifa Distriet (Hof Hacarwel and Givatr Dlga)

C.1 FRosh Harnikra

1. Shave Zion N. "
2. Shave Zlon Sew=rrrige

C.1, €.2 = reference points Nazman R:Lver "'"""
&
1, 2, ...» sampling points Y
o
s
A
‘5& 3., Haifa (Hof Hacarmel N.)
P 4., Haifa (Hof Hacarmel 5.)
&

5. Badera (Givat Olga N. )7-—-{,_
6. Hadera (Givat Olga S.)
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Participating Research Centre: The Dr. A. Felix Public Health Laboratory
Ministry of Hezlth
TEL AVIV
Israel

Principal Investigator: Y. YOSHPE-PURER

Introduction:

The coastal water of the Centrel and Southern part of Israel has been
monitored since 1963, employing the MPN method for coliforms and since 1975
for faecal coliforms as well. In 1968 membrane filtration with Endo broth
was also carried out for the Tel-Aviv area, and compared to the MPN method.

Area{s) studied:

The length of the coastline covered by the MED VII project is sbout 90 km.
The three aress selected for monitoring are the most populated ones along
theis coast, namely Nathania in the North, Tel-Aviv in the centre and
Ashquelon in the South. Two sampling points were examined at each of these
beaches (points 1-6) plus one control point near Nathania and ane near
Ashquelon. The land surrounding all beaches is mainly sand. Surface aor
ground water reaches the ses only on rainy days in the winter.

Materisl and methods used:

Total coliforms - membrane filtration with mFC medium, incubated at 35°C
and MPN method with lactose broth, confirmed on MacConkey agar.

Faecal coliforms - a) membrane filtration with mFC medium incubated at
44.5°C. b) MPN method by inoculating the positive tubes of the total
coliform test inte E.C. broth, incubating at 44.5°C and observing for gss
production in 24 hours.

Enterococci - membrane filtration with KF medium.

Salmonellae - Filtration of 500 ml water through membrane filters which
were immersed in selenite broth and incubated at 37°C. Plating on brillant
green agar and MacConkey agar after 24 and 48 hours incubation, Suspicious
colonies were separated and examined biochemically and serologically.

Vibrio parahsemolyticus - &) Enrichment of 10 ml portions in salt colistin
broth (Sakazaki) and salt broth (3 per cent NaCl) at 37°C and 42°C
respectively and plating on TCBS.

b} Plating of sediment of 10 ml waters after centrifugation and 0.1-0.4 ml
of specimen directly on TCBS agar incubated at 37°C.



c) Membrane filtration of 100 ml water and incubation of membrane in salt
broth then plating or placing the filter directly on TCBS agar.

d) Biochemical testing of suspect colonies, compared to two reference
strains.

Winds and currents - these were naot considered since the number of éamples
was small and all monitaring was daone in the forencen hours of the summer
(end of June to end of October).

Results and their interpretation:

Between the last week in June and the last week in October the beaches of
Nathania and Ashquelon (points 1, 2, 5 and &) were examined nine times and
the beach of Tel-Aviv (peints 3 and 4) eight times, giving a total of 70
samples. According to the present standard in Israel (up to 2 400
coliforms per 100 ml in 80 per cent of the samples) all beaches were very
satisfactory. At the Nathania beach the number of total and faecal
coliforms ranged from 0 to 150 per 100 mi. In Tel-Aviv the range was 0-210
per 100 ml and in Ashquelonm, 0 to 370 per 100 ml. The number of
Enterococei was alsa iow (0 to 240 per 100 ml). Salmonellae and Vibrio
parahaemolyticus were not isolated. About 500 colonies from 200 samples
were examined (including beaches not in the project) and none of them
complied with the bicchemical criteria for V. parahsemolyticus.

The control points were not free of coliforms, as expected, but their
number was low, reaching 80/100 ml in the northern point on 2 occasicns
only. In the southern paint four of the nine tests were positive, reaching
100/100 ml on one accasion and 160/100 ml on another.

Comparison of the MPN with the membrane filtration method showed a fairly
good correlation (r=0.8), when the results on the filters could be read
distinctly. With m-FC medium at 35°C the results were dublous and on
several occasions not even legible when too many pink colonies were present
on the filter. Many of these pink coclonies were confirmed as non-lactose
fermenters. When compared on the basis of percentage of total number of
samples examined, the results were as follows:

{omparable Higher results Higher results

results (%) by MF (%) by MPN (%)
Total coliforms#* 49 29 23
fFaecal coliforms S5t 12 34

* In six samples (eight per cent) the filters were not legible (NR).
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Conclusions:

It is difficult to draw conclusions on such a limited number of examinations
(70) and more samples should be examined by several mthods for evaluetion of the
results. :

In the experience of the Institute the membrane filtration with m-FC

medium is good for faecal coliforms at 44.5°C at least as far as reading

the results is concerned. For total coliforms at 359C it is not recommended
since the blue-green colonies of the coliferms are often obscured by dense
growth of other bacteria many of themnon-lactose fermenters. '
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Coastal stations for monitoring and reference points
Nathania, Tel-Aviv and Ashquelon

(D, ) = remote reference points

1, 2, ... = sampling peints

1. Nathania North
2. Nathania Sout

(O Tobruk

Reading oucfal
Yarkon river
3. Tel-Aviy Nort

5. Ashquelon (Afridady
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6. Ashquelon (Afridai-:‘
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Table 2: Correlation between the mandatory parameters

Point no. i £ L
Tc : FC TC : FS FC : FS
1 0.995 -0.013 ~0.003
2 0.8389. 0.348 0.401
Nathania (1& 2) 0.988
3 0.823 0.061 0.336
[ 0.748 0.278 =0.126
Tel-Aviv -
(Gordon beach) ( 3 & 4) 0.763
5 0.993 - -0.187 -0.178
8 0.540 0.805 0.159
Ashquelon
{Afridar beach}{ 5 & &) -0.790 .
Control 1 (Nathamia) ’ 0.485 -0.293 -0.299
Control 2 (Ashgquelon) 0.924 -0,362 ~0.408
All points (¥ = &9) 0.929

There is & good correlation between the total coliforms and faecal coliforms when the number
of samples is adequate, but no correlation between any of them and the pumber of faecal streptococci.
This is quite undexstandable since we are dealing with different organisus that vary greatly ia their
susceptibility to envirommental conditioms and rate of survival,
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Figure 1
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Participating Research Centre: Institute of Hydrobiology and FlSh Culture
University of Messina
MESSINA
Italy

Principal Investigatar: S. GENOVESE
Intreductiocn:

The Institute of Hydreobiology has for a long time been carrying out intense
research activity in order to evaluate the pollution rate in egastal and
brackish Sicilisn and Calabrian waters. Research started in 1964 and has
concentrated on the eastern coast of Sicily, in the area between the Gulf
of Patti and Siracusa and the western coast of Calabria, from Capo Suvero
to Capo delle Armi. The Straits of Messina, Augusta inlet and Gulf of
Milazzo have been studied in a more detailed way.

Area(s) studied:

The study zone, shown in detail in figure 1, includes two coastal tracts,
one located along the Tyrrhenian coast, the other along the Janian coast,
with 12 and 14 sampling stations, respectively, and two reference points,
one for each zone, 1 km from the coast. These particular areas have been
selected because during the summer, bathing and recreational activities
take place here. We prefer to dESCPle the two zones separately as, even
if they are very close to each other, they are part of two compeletely
different environments. Only very scarce scientific information is
available about the Tyrrhenian zone. There is no evidence of the
occurrence cof natural or artificial draining of water effluents from very
limited urban settlements. However, it must be noted that as there are
many (nine) urban bzthing establishments and numerous viilas located in
this zaone, the density of the summer population is very high. Winds mainly
influencing the zone are from the north-east; they are discontinuous, with
brief gusts, but can cause violent sea-sturms. Sguthern winds, frequent
and strong in the Messina area, oniy indirectly influence the coastal tract
examined.

There is quite extensive information concerning the Icnian zone as the
Straits of Messina nhave long been the abject of study by various
oceanographic disciplines because of their strong tidal currents and the
consequent hydrological and biclogical processes. However, much of this
research has little to do with the present project and we intend to
summarize only what is known about the microbiclogical features of the
Messina Straits, based on research carried out by the Institute of
Hydrobiolegy in the period 1964-1973,

Drains of veried capacity, flood and torrent spillways, waste waters coming
from urtan settlements, with varying pollutien loads, either due to the
number of inhabitants, or in proportion to the discontinuous and variable
town water supply, are discharged along the coasts of the Messina Straits.,
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When these waters reach the sea, the mein alternating currents and the more
complex litteral counter-currents distribute the pollution load
irregularly. There is evidence that currents may disperse waters with
heavy faecal flora content to zones not directly polluted just as, in the
same way, it may occur that as a result of the dispersion, areas receiving
sewage wastes are free from faecal pollution. The Straits' central axis
itself is practically free from polluting phenomena and it is possible that
the currents might act as an important self-depuration factor.

In this srea the shore enirance is free and there are no recreational
facilities. However, it should be noted that, from 1970, along almost all
the Ionian coast between Messina and Capo Peloro, which includes the zone
under study, bsthing has been forbidden by & municipal injunction, as the
faecal coliform rate exceeds the current Italian norm allowed. It should
also be added that a new sewage system with a trestment plant is about to
be constructed near Capo Peloro. There are two sewage outlets in this
zone, ane at Pace Village corresponding to station 17, and the other at §.
Agata village close to station 25. Immedistely to the north of the study
zone there are four other sewers and two more to the south. All drains are
of small capacity, receiving refuse waters from the houses close to them.
The study zone includes the Pace torrent between stations 15 and 16 and the
Guarcdia torrent in close proximity to station 23. Immediately to the north
of our stations are the torrents S. Agetz and Papardo. As to the wind
system, easterly and southerly winds blew in the Straits, where they reach
their greatest velocity; the north-east wind is the most prevalent but is
of moderate strength and blows mainly during the summer. There are
occasional west winds eof short durstion.

Material and methods used:

As requested for this study, methods in which filter membranes are used on
a single culture medium at different temperatures have been adopted. In
this respect it might be pointed out that the filter membrane technigue
with different media for faecal and total coliforms has been used for s
long time in our microbiological laboratory with very good results,
Comparative tests have been carried out, and the single medium at two
temperatures was maintained in order to apply unified methods, even if some
uncertainties arose about the results gbtained with the recommended method.

Results and their interpretation:

From the results obtained to date it is impossible to draw general
conclusions without the winter surveys, from which we expect to have useful
indications regarding the relations between faecsl flora and hydrological
parameters. Table 1 shows the distribution in frequency classes of the
microbiclogical dats collected and the different pollution rate of the two
zones examined is clearly indicated.

in the Tyrrhenian zone there are no signifcant pollution sources. In farct,
only faecal coliforms up to a maximum of 12/100 m] have sometimes been
noted. Streptococci distribution in these waters, because of their longer
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survival time in sea-water, shows that there may be pollution by sewage
waters, but it does not seem direct or constant. A maximum value of 5.7 x
107 streptocecci/100 ml near the shore compares with 2.6 x 1D

obtained on 17 August at 1 km from the shore. Mast of the values were less
than 100 streptococci/100 ml.

As regards the Ionian Sea, the present pollution level is clearly shown by
Fagcal coliform numbers that are rarely absent and reach a maximum of 1.8 x
107/100 ml. Streptococci seem to follaow the same development. dnly in
three water samples of 100 ml were these micro-organisms not observed; this
poliution index, even at 1 km from the shore, has reached values of

107, end the maximum obtained {30 Jume 1978} near the coast, was of 1.3

%x 107 streptococei/100 ml.

Conclusions:
It is possible to state that the Tyrrhenian coastal tract present a good

quality level while in the Straits of Messina area the polluticn rate
cbserved gives rise to problems for recreational purposes.
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Participating Research Centre: Centre for Study and Research in
Sanitary Engineering
Institute of Water Supply and
Waste Disposal
University of Naples
NAPLES
Italy

and

foological Station of Naples
NAPLES

Rrincipzal Investigator: L. MENDIA

Introduction:

The constant sampling in the Gulf of Naples begun in 1976 has been
regularly continued at the Naples Zoological Station together with the
Sanitary Egnineering Centre (Institute of Water Supply and Wastes Disposal)
from September 1977 until today.

Work has begun in 1976 in collaboration with Dr, Lilian M. Evison of the
Department of Civil Engineering, University of Newcastle upon Tyne.

Samples of sea-water were taken at frequent intervels in the Bay of Naples
from Nisids to the herbour of S. Lucia. The sampling points were selected
so that both unpolluted and polluted waters could be investigated in order
to make & comprehensive analysis of the coastal water quality.

Area(s) studied:

The sea stretch between Nisida and St. Lucia harbour was monitored in the
framework of the MED VII pilot for recreational coastal water control.
Along this area 40 stations were located. Two reference points were
chosen: station no.102 (Rotonda Diaz) for locations 109 to 87; and station
No.76 (Villa Beck) for locations 86 to 64.

Two sampling stations (Bacoli and Coroglio) located in the Gulf of
Pozzuoli, were chosen for shellfish monitoring activities. Moreover
shellfish samples collected in the market were analyzed.

The two maps (figure 1 and figure 2) give details on the selected areas.

Material and methods used:

Sea-water samples were collected by boat at a distance of approximately 10
m from the shore. At each point triplicate samples were taken.
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(1) 560 ml in a sterile bottle for bacteriological analysis

(2) 250 ml sample, immediately fixed for D.0. analysis

(3) 125 ml sample for salinity determination.

In addition water temperature and "Secchi disc" readings were measured at
the same sites. Air temperature, wind direction and wind speed were alsoc
measured at the reference points using an anemometer.

8iological tesis

All samples were analysed by membrane filtration using 47 mm diameter
membrane filters, 0.45 u pore size. For every sample three different
volumes of water (1, 10, 100 ml) were filtered in tripilicate for three
different analyses: one set was analysed for coliforms, one set for E. coli

and one set for faecal streptococeci.

Coliform counts ( 37°C for 20 hours) - Membrane enriched
teepol broth.

E. coli counts (449C for 20 hours) - Membrane faecal coliforms
agar .

Faecal Streptococci counts (44°C for 48 hours) - Slanetz and Bartley agar.
Shellfish monitoring:

MPN method was follaowed for enumerating total coliforms, faeczl colifarms
and Escherichia coli, in the shellfish flesh according to the directives

fixed by the working group at the meeting held in Rome on the 4th - 7th
April 1978.

shellfish growing was analyzed according to the MF method, utilizing the
same media described sbove.

Enterococci and héterotrophic bacteria were detected with the PP method as
described in the Guidelines.

The analyses on shellfish were performed adding to the samples four times
the diluent equivalent to the flesh weight,

Results 2nd discussion:

The results of the analysis of superficial water samples are summarized in
tables 1 and 2; the following comments may be made:
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(1) The coliform count is generslly higher than the E. coli count. The
enterococcl count invariably gives the lowest count values in respect of
the others.

(2} The dissolved oxygen concentration for the various samplings is more
or less near saturation; for seven samples among the 25, the D. 0. is less
than 90 per cent but always higher than 63 per cent.

(3) The majority of samples present salinities in the range 36.4-37.8.
Seven samples show salinities between 33.9 and 35.9 (table 1).

Table 1 shows the results obtained during various periods of time at three
different stations, as follows: (1) (point 64) at the outfall of Coroglio;
(2) (point 76) and authorized bathing place; znd (3) (peint 101) an
unzuthorized bathing place.

It is possible to note that at point 64 (polluted water), even during
meteorological changes, the values of E. coli remsin the same. These
values are higher than the stendard ones; in fact they are in the order of
104. It is clear that the sewage coming from the outfall is not influenced
by external conditions. It is in fact diluted very slowly es is proved by
the samples collected along the coast (see also table 2 from points 64 to
74). At point 76 (an authorized bathing place) it has been noted that the
values of E. coli are lower than the standard ones. Higher counts are
generally noted when wind strength increases and it exceeds 10 m/sec. At
point 101 (an unauthorized bathing place) the values of E. coli are very
high snly when the current comes from the east. The strength of the
current influences the dispersion of the sewage from the 5. Giovanni
outfall. Without the influence of this current, the values of E. coli are
in accordance with the stangard.

Table 2 gives the results of sample collection during two days in summer
1976 - 20 sampling points each day (in total 45 points). The values
measured during these two days are significative of the water quality of
the sampling points. In fact the results obtained are more or less the
same as those of sample collections during other periods of the year at the
same points.

Analyses carried out on shellfish and shellfish water growing areas showed
higher microbial values for stations No.l than for station No.? (Coroglio
and Bacoli, respectively). However also in this case, when particular
meteresological and hydrographic conditions happened (such as currents
coming from the east) a reverse condition was registered. This was the
case, for example, at X4, where higher values, &t leasst for total
coliforms, were observed in samples collected at Bacoli.

Conclusions:

The m-FC medium for total coliforms detection was unsuitable. Pink
colonies often influenced large aress on the membranes; as a result, the
development of lactose fermenter colonies was not always appropriate.

Teepol broth was more suitable for total coliform detection.

More observations on local conditions must be undertaken in future
monitoring work.
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Table 1

Point 64 = near the collector of Coroglio (pelluted water)

Date Wind Watrer D.0. Saliniry| Coliforms E. ¢oli Enterccocei
temp. (°C) () (2 (/100 ml) (/100 =l) (/100 m1)
13.6.78 9 km/h 22 57 36.43% | 1.23 x 16> | 4.7 x 10* 1.3 x 10°
26.6.78 3 ka/h 23 63.8 -~ |2.s2x10% |sosx10' | 1.7x10°
11.7.78 | 0.5 ofsed 22 j00 33.94 |7 .x10° |3 x10° | 2.6x 10"
17.7.78 calm 24 85 3516 |1.06x10° |3 x10° | 2.4x10°
21.7.78 5 m/sec 24 95 37.45 | 2.4 x.10° | 1.3 x 10° 4.7 x 103
26.7.78 calm 23 90 36.87 | 7.5 x-10° | 3.1 x 10° 3.1 x 10°
9.11.78 caln 17.5 | 83 .| 35.63 TNTC TNTC 5.7 x 10°
21.11.78 calm 17.7 94 35.47 TRTC/1 ml TNTC/1 ml 3800
Point 76 — authorized bathing place (unpolluted water)
Date Wind Water D.0. Salinity| Coliforms E. coli Enterccocci
kemp. (O€) | () I3 (/100 m1) (7100 ml) | (/100 ml)
13.6.78 9 ka/h 22 100 37.24 | 1.08 x 10° | 7.2 x 107 5
26.6.78 3 kn/h 23 68 3%.68 |2 x10° | 3.28¢ 10° 6.8 x 10
11.7.78 | 0.5 m/seq| 22 118 37.15 3 0 o
17.7.78 calm 24 108 37.21 o 0 o
21.7.78* | 5 w/sec 26  {>100 37.45 33 3 0
26.7.78 calm 23 105 37.51 12 12 - 2
9.11.78 calm 17.5 | 95 37.80 206 28 1
21.11.78 calm 17.7 | 95 37.67 TNTC 52 152
Point 101 - Rotonda Piaz — unauthorized bathing place
Date Wind Water D.0. Sslipity] Coliforns “E. eoli Entetococci | Current
temp, (°C3|  (2) (D (/100 m1) {71007 m1) (/100 m1)
6.6.78 | - = 121 35.74 | 3.2 = 10% |1.58 x 10° 60 east
20.6.78 |2 lw/h 23 104 36.61 30 0/16 w1 o HEEE
6.7.78 | calm 24 99 36.87 43 32 1 TeTE
13.7.78 calm 23 104 35.96 {>1 x 10‘ >1 x IOA 8 x 103 east
20,7.78 |3 o/sec 25 77 35,21 6 x 10 7 =10 6 x 16° east
24.7.78 |2 m/sec 23.5 130 %.99 | 9 =x10° 1 x 10 10 e
28.7.78 | calm 23.5 106 37,40 x 102 162 10 west
15.11.78| calm 17 89 37.84 18 3 west
6.12.78] - 15 94 37.68 760 19 west

L
Salmonella test negative



Izble 2: Resplrs of wonitoring in forty sampling points during two days of suomer 1978
Dzte Point | Wind Rater p.C. Salini:':y Coliforms E. coli Enterococei
ter. () ) (/100 wl) (/100 w1)| (/100 m1)

13.6.78) 66 | 2t/ | 23 87 | 36.43 |1.23x 10° | 4.7 x 16% 1.3 x 10%

" 65. " " 83 | 36.33 | 6.5 x10% |5.4x10% g x10°

" 66 v " 66 | 33.60 |2.8 x10° [3.3x10° 1.3 x 10%

" 67 " " 50 | 36.33 {3.4 x10° {2.3x10° 19

" 68 - n s1 | 36.65 | 1.95x 10° | 1.66x 120° 4

" 69 " " 91 | 36.91 | 2.52x 10° | 1.77% 16° 3

" 73 " " 91 | 36.96 | 3.4 x 10° | 1.28x 10° 1

- 74 " " 95 | 3720 |2 x100® [1.2x10° 2

" 75 " " 90 | 37.22 | 2.5 x10° | 1.21x 10° 4

" 76 " " 100 | 37.26 | 1.08 x 10° | 7.2 x 10° 4

" 77 n " 85 | 37.19 610 410 2

" 78 ” ” w01 | 37.25 650 560 2

" 79 " " g5 | 37.29 710 560 7

n 80 n n 102 | 3nm 120 80 o

" 81 " " 90 | 37.32 |[1.29 x 10° 82 1

" 82 " - 105 | 37.37 280 54 )

" 83 " " 8 | 37.77 ™TC TEIC 3

" 84 ” " 101 | 37.33 10 2 0.

B 85 R -1 37.35 6 6 o

" 86 n - 100 | 37.32 6 6 o
20.6.78 {109 | 2km/m | 25 106 | 36.86 10 0 0

_ 108 - = 105 36.63 o Q [}

" 107 " " 107 | 36.63 o o 0

v laos n - 107 | 36.62 o o o

" J10s " " 107 | 36.62 o o 0

L 104 o o 101 36.61 0 o, 0

» 103 " " 114 | 36.59 10 10 o

n 102 " - 105 | 36.62 30 0 o

" 100 " " 104 | 36.60 10 10 o

= 99 " " 101 | 36.59 10 o 0

" 98 ” " 100 | 36.61 0 10 o

" 97 " " 16 | 35.62 10 o 0

" 23 " " 104 36.61 [ 4 o

= 92 = & 103 | 36.84 12 o 0

Z 93 4 N 101 | 236.82 o 10 o

N a0 ] B - 106 36.86 20 o o

" 89 " o 97 36.87 30 o] o

2 88 = o 102 36.87 o 1] 0

- 87 " " 107 | 36.87 10 ) 0
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Participating Research Centre: Istituto Superiore di Sanita
ROME
Italy

Principal Investigator: L. VILLA
Introduction:

The ISS has previously worked on problems concerning Mediterranean coastal
environmental hygiene, through activities aimed at pointing out the
qualitive aspects of the input of coastal civil or industrial installation
effluent waters in coastal waters. We mention, as more precise examples,
the survey of microbiological parameters carried out in the Anzia coastal
area by L. Villa et al. and the surveys of hydrological parameters and
gualitative input in the coastal waters in the areas of Montalto di Castro
(Argentaric), Nettuno, Circeo, Ponza Island and Elba Island, carried out by
G. Ugolini,

Area(s) studied:

The 1SS group has monitored a stretch of coast (Castel Porziano) with
characteristics representative of the whole Italian coastline. This area
is not greatly affected by concentrated discharge but receives waters from
inland areas of inhabited land and parkland areas. Moreover, it is close
to a large city (Rome) whose population use the area for bathing. The
stretch of coastline examined (Castel Porziang, 41941 N, 12931' E; 41%40"
N, 12932' E) is delimited by two water courses, Fosso Focetta and Fossa del
Tellinare. Fosso del Tellinmaro originates in the parkland of Castel
Porzieno and collects only rain water. Moreover, it does not reach the sea
because it is frequently obstructed at the mouth. 0On the contrary Fosso
Focetta receives water from domestic discharges. The sea currents
affecting the sampling points have an off-shore course towards the coast
from a SW direction in the daylight hours and come from S£, parallel to the
coast, at sunset and dawn {figure 1). The prevailing winds (40 per cent)
in the area blow from SW with an average velocity of 4.5 m/s, and the rate
of the water temperature, jointly with solar irradiation, for the latitude
of 41°N, were measured. The sea-bed on the 3 m bathometric line is sandy
with areas of rock, mud and sezweed.

Material and methods used:

The methods for measuring chemical physical and microbiological parameters
(MF) agreed for the preject were used. In addition, For the MPN usually
applied by the 1.5.5. was utilized. The salt residue was measured both
with a conductivity instrument and by evaparation and then weighed at
180°C, the ratio of the values obtained being practically constant;
therefaore, salinity is usually determined by the conductivity instrument
using the sbove ratio and, from time to time, as a control, by evaparation.
Pathogenic crganisms such as Salmonellae, bacteriophages and sulfite
reducers were detected at the beach. Chlorephyll was detected according to
the methed indicated by UNESCO (UNESCO publication Centre, 1969, "Monograph
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on oceanographic methodology-I. Determination of photosynthetic pigments
in seawater"). Occasionally phytoplankton was examined and counted.
Additional chemical parameters related to pessible eutrophication were
analysed: ammonium; nitrite ion; phosphate ion. Moreover, hydrogen
sulphide was investigated in some samples.

Results and their interpretation:

The results of microbial parameters obtained are presented in the form of
histogrems (figures 2, 3, 4). The number of samples carried out is not yet
sufficient to analyse and correlate the microbiological parameters with
marine biological factors. In future development of our activities it is
propused to anzlyse and statistically evaluate possible correlation between
various parameters (environmental and analytical}. At present we noted a
correlation between precipitations and variations in the microbiological
parameters. All the other observations are presented in the form of
histograms (figures 5 to 10).

Conclusions:

A longer period of cobservations is still needed to acquire hemogeneous
data.

As a general rule MF values are about 1/10 of the MPN figures in respect to
faecal coliforms. We have followed the directives fixed for MED VII for
detection of total coliforms. However, we have not noted differences
between results obtsined on Endo-broth and those on mFC-broth (37°C). This
last medium was used in a preliminary step of this project. No correlation
was found between Salmonellae recovery and high coliform counts. This
finding has to be duly considered when the discussion will be open on the
criteria to be established from the epidemiological point of view.

Bacteriophages were detected in water semples and in sediment samples also
in absence of their hosts., The counts in sediment semples were always
higher than in correspondent water samples.

The analyses followed for detecting possible eutrophication of the stretch
of coast under examination were negative. In fact most of the samples
exhibited values under 150 cells/ml (see figure 10).

Variations of bacteriological populations were noted in connection with
relevant precipitations; these probably drain all the surrousnding land,

For the future a study for detecting currents typical of the zone should be
developed and an appropriate survey of the hydrodynamic condition at the

time of the sampling has to be executed.

These observations could help in gathering appropriate data.
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List of publications:

M. BOEDDU., VILLA, L. and VOLTERRA. L. (1977). State of Pollution
on Italian coast (Summer 1974). Annali Sclave 19, 1-4.
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Participating Research Centre: Institute for Water Research - CNR
ROME
Italy

Principal Investigator: 7. LA NGCE

Introductian:

An interdisciplinary programme of experimental investigations has been
undertaken with the aim of evaluating the impact of the Tiber river

on the receiving marine ecosystem. In this area the problems of
polluticn have reached an alarming level in recent years, mainly
because of discharges of untreated waste waters, industrial as well as
domestic, from the city of Reome with a population of nearly 3,000,000
inhabitants.

In order to examine the phenomena of conveyance and diffusion of pollutants,
and the characteriztion of the ecosystem affected by pollutants, the
following actions have been taken:

(a) the study of the particular aspects of the diffusion of fresh water
discharged through the two mouths of the Tiber in different hydrolegical
and climatological conditions, by using the most advanced methods;

(6) the determination of basic pasrameters for a more detailed picture of the
distribution of fresh water and of suspended end soluble matter carried

by the river into the sea;

(e) the study of the main companents of the marine ecosystem (plankton,
nekton, benthos) and the assessment of the effects of poliution by "algal

bioassays", measurements of biomass and of crganic degradation rate;

(d) the construction of mathematical models, useful for the monitoring
of operations.

Area(s) studied:

The surveyed asreas are the following:

- copastal water affected by the Tiber;
- the final stretch of the Tiber;

- opther outlets, clase to the Tiber mouths, either natural
or artificial.

The main lccal currenmts and the main surface distribution of salinity,
found during the period of field observaticn, are reported in figure 1;
this led to the conclusion that the area, mostly affected by river
discharges, spreads mainly to the north of the river mouths.
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Tesking the objectives of the MED VII projects inte account, the parasmeters
listed in table 1 have been determined. The location of sampling points is
reporte¢ in figure 1. In ten of them, in collzboration with the Institute
of Hygiene, University of Rome, bactericlogical examinations, including
total coliforms, faecal coliforms and faecal streptococei, were performed.

The surface samples were collected in 211 statioms 1, 3, 23, 24, 25, 26.
The freguency of sampling and measurement was (cctnightly during 1976 and
seasonal during 1%77 and 1978,

Material and methods used:

The samples collected during the cruises of the vessel IRSAMARE were stored
in polyethylene bottle at 4°C, filtered through 0,45 u millipore filters as
soon &s possible and analyzed within one day after collection. The
analytical methods used for the determination of nitrites, ammonia and
orthophosphates were those reported by Strickland and Parsons. Reactive
silicates were determined by the method reported in the FAD manual.

Chlorophyil "a" {Ch-a) was measured both by the acetone extraction method
and by direct florescence measurements on in vivo cells using continuous
ship-board monitoring technigues. The measurement of turbidity was
performed by Secchi disc. Salinity, temperature and pH were determined
respectively by conductivity meter, bucket thermometer and pH meter. As
far as bacteriological parameters were concerned, the MPN method was
adopted.

Results and conclusions:

The results concerning the evaluation of esutrophication conditions in the
zone farther away from fluvial influence (st. 7, 27, 30, 31, 33) shows a
situation which is typical of the pligotrophic feature of Mediterraneean
waters.

Due to the Tiber influence, the inshore coastal stations show higher values
of N and P. In particular, station 1, having the highest nutrients' levels,
is characterized by values typical of waters with a tendency to
eutrophycation.

As far as the bacterioclogical data are concerned, the majority of the
stations observed, including those 79N off Ostia and 21°N off Ladispoli,
botih located 1 mile from the coast, shaw values which are under the limit
established by the sccepted interim microbiclogical quality criteria.

Only the area closest to the river mouths (st. 1, 2, 3, 12, 34 and 35) is
characterized by a level of becteria which is higher than the above
menticned limits.

With a view to a more effective utilization of the dats obtained, it was
necessary to treat them by using computer facilities. In this respect, a
programme has been set up, whereby the collected data can easily be
submitted to variability and correlstion analysis.



- 521 -

In such a way, it will be possible to study the correlation among the
several parameters with a view to reducing the number and frequency of
measurements and alsa to calculate some functions useful for the
integration of the results. 1In tazbles 2, 3, &4 and 5 are reported the mean
values, the standard deviations, the number of data collected from January
1976 to December 1978 and the correlation analysis between the mandatory
parameters of the MED VII Project.

List of publications:

PAGNOTTA, R. and PUDDUY, A. (1978). "Chlorophyll distribution in the
coastal waters surrounding the Tiber River mouth, determined by using a
flourometer" {in ltalian with summary in English) Ingquinamento 7/8
35-39.

BLUNDO, C., LA NOCE, 7., PAGNOTTA, R., PETTINE, M. and PUDDU, A.
"Distribution of nutrients off the mouth of the Tiber River and its relationships
with biomass" in press.
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Sampling stations and behaviour of mean surface salinity

Figure I:
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Table 1: Paramerers measursd for the compulsory and optional parts of the programme

h ~ Parameters describing general conditions in the monitoring area ar the time of sampling

1. Heteorological condirions (dara supplied by Italian Air Force Meteorological Service): .
< wind direction and velocity

2. Hydrographic conditions:- sea temperature

- salinity in °/oo

- oxygen in m}/fl and I saturatiom
-~ turbidity as Secchi inm

3. Dyoamic conditiens {in collaboration with the Hydrauliec Research Station of Wallipgford, YK)}{
~ state of vaves
— piirrent measurements: direction and speed in w/sec
— drifts: direction and speed in w/sec

5 — Parameters measured on individual zamples

1. Accompanying data: (a) air, sea and sample temperature during transportation
(b) salinity iz °/oo

2. Bacteriological data (in collaboraticn with the Institute of Hygiene, Tmiversity of Rome}:
(a) total coliforms as ne. ¢ol./100 ml

(b) faecal coliforms (E. coli) as wo. col./100 ml

{¢) faecal streptococcl (emterococci} as no. col./100 ml

i — Parameters applied to eutrophication conditions

1. Biomass and demsity of phytoplankteon: (a)} chlorophyll inm mglm3
(b) density of phyteplankron in mo. cells/1

2. Nutrients: (a) PO, in m-g/m3 ) " 'j =
“(b) Nﬂ3, 'NOZ, H03 in mg/om

Table 2: Total coliforms: mean values, standard deviations, pumber of data collectad from
January 1976 to December 1978 and its correlatien analysis wirh faecal coliforms (FC)
and faecal streptococei (¥S) — mean and standard deviation are expressed in logs

Point no. Hean Stand.dev. | Ne. data Correlation with FC Correlation with FS
5.46 1.86 28 r = 0.72 ** r = 0.72 **%
C4.02 1.90 26 r o= 0.Bf ** L r = 0.59 **
1.57 1.46 13 r = D.76 *% r = 0.66 *:
12 2.35 1.72 20 r = 0,88 &+ T = 0.63 **
21 .15 0.35 10 r = .33 =
23 2.16 2.01 23 T = D.84 *% = 0.B2 X
24 2.57 2.67 8 T = 0.91 %% = 0,87 **
25 1.84 1.93 22 r = 0,92 *f = 0,82 #*
26 0.93 1.39 11 r = 0,65 * -
34 3.97 1.31 14 T o= 0.93 ** . r = 0.50

*
significance level 95X

ET S
significance level 99I
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Tsble 3: Faecal coliforms: mean values, stendard deviations, number of data collected from
January 1076 to Decemper 1975 and its correlatiop analysis with rots) eolifomms (TC)
#nd faece]l streptoeorci (FS) - meen and Btanderd deviation zre expressed in logs

FPoint mno. Hean Stand.dev. | No. data Covrelation with TC Correlation with F§5
§.39 1.96 2B r=0.72 %% r = 0,54 *3
2.93 2.18 26 r = 0.84f ¥k p r =0.71 *%
7 0.69 0.97 13 r=0,76 ** r = 0.70 &
12 1.85 1.57 20 - r = 0,89 *¥ r = 0,57 w*
21 0.05 0.15 10 r = .33 - 7
23 1.34 1.4 23 r = 0,84 %k = 0.BB Wi
24 1.74 2.55 8 r = 0,91 *% - 0.;;5 &k
25 1.14 1.78 22 r=0.92 ¥ = 0.91 %=
26 0.24 0.79 - 11 r=0.65 * =
34 - 3.24 1.1 14 T = .93 &k r =0.54 *

Table &: Faecal streptococci: mean values, standard deviations, pumber of date collected frem
Japuary 1976 to December 1978 and its correlation analysis with total coliforms {TC}
znd Tapcal eoliforms (FC) — mean and standard deviation are expressed in logs

Point no. Hean Stand.dev. | Bo, data Correlation with TC Correlation with FC

1 2,26 1.18 28 T = 0,72 ®* r = 0.54 %

3 1,65 1.49 26 r = 0.59 *% E r = 0.71 %* .
7 0,17 0.45 13 r =066 * r =070 %

12 0.43 0.63 20 o Q.63 Rk ‘ r = 0.57 %%

2 - - - - ' -

23 0.72 - 131 23 T = 0,82 #* r = 0.88 **

24 0.77 1.18 8 T w Q.95 %% -

25 . 0.56 1.08 22 r=0,82 #x r ='0,81 ®k

34 1.67 1.18 14 r = 0,50 T = 0,54 #*

Table 5: Relationship between the mandatory parameters at each starion (TC = total coliforms,
¥C - faecal coliforms, F5 = faecal streptococcl) '

Poist mo. | TC = x, FC = ¥ TC=x, FS=y FC = x, FS = ¥

¥ =0.76x + 0.26 y = 0.46x = 0.24 ¥y = 0.33x + 0.82 Z

y = D.96x ~ 0.94 y = 0.46x = 0,20 y = 0.49x + 0,22

¥ = 0,51x - 0.10 ¥y = 0.20x - 0,15 ¥ = 0,32x - 0,06 ¥

12 y = D.8Ox - 0.20 y = 0.23x - 0,16 y = 0.23x + 0,001

21 y = O.l4x + 0.03 - -

23 y = 0.81x - 0,40 ¥ = 0.53% — 0.43 y = 0.60% — 0.08 ]

24 y = 0.87x - 0,47 ¥y = 0.3% - 0.22 y = 0.44x — 0.00 4
25 y = 0,85 - 0,42 ¥ = O,46x - 0.29 ¥ = 0.55x - 0.07
26 ¥ = 0.37x - 0,11 - = .
34 y = 0,78z + 0,16 y = O.44x - 0,05 oy = 0,56x — 0.21

*

significance level 951
o

significance level 992
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Participating Research Centre: Institute of Hygiene
University of Genoa
GENDA
Italy

Principal Investigator: S. DE fLORA
Introduction:

A large body of investigations has been devoted to the study of the
hygienic conditions of sea-water and of seafood, including the monitoring
of specific areas, particularly in the Tyrrhenian Sea. However, some
chemical aspects of sea-water pollution and of the marine fauna were also
investigated outside the Mediterranean Ses and even in remote areas, e.g.
in the Caribbezn Sea, in the Indian Ocean, etc. Our sctivity included the
study of physical (e.g. radioactivity), chemistry (including also heavy
elements) and microbiological aspects. Particular attention was given to
the problem of the virological monitoring of waier and marine sediments.

Area{s) studied:

The sreas studied were the Tusceny littoral, Elba, Gorgona and Capraia
Isles, Calambrone and Cecin rivers (latitude 43°35' N-42° 40'N, longitude
§945' £ - 10°33"' E).

The prevsiiing local currents flow from south toc narth. However, the
direction of the flow is sometimes reversed clese to the coastline.

A total of 247 monitoring stations was examined.

Tatal heterotrophic bacteria were chacked by the pour plate method after 48
hours at 35%C in plate count agar. Faecal streptococci were determined by
the membrane filter method of m-Enterscoccus agar. Total coliferms and E.
cali were determined by the multiple tube fermentation method, as follows:
presumptive test in lauryl tryptose broth at 35°C {5 tubes/dilution) and
confirmatory tests in brillant green lactase bile broth at 35°C and 44°C,
respectively.

The MPN method was used instead of the suggested MF method for two reascns.

(a) the MPN method is compulsery in Italy for the meonitoring of bathing
areas, anc therefore is currently used in our laboratory and in those of
collaborating institutiens;

(b} we have not as yet received (September 1978) the filtratiocn apparatus
which was to be kindly supplied by WHD. Comparative assays of the MF and
MPN methods will be carried out after receipt of this apparatus.
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Results and their interpretation:

The results of the virological investigations, together with similar data
collected from other areas of the Northern Tyrrhenian Sea, have provided
information on the extent and quality of the viral pollution of surface and
bottom seawater and of marine sediments. Moreover, these data have been
analyzed to assess the correlation betwzen animal viruses and the
bacteriological indicator of pollution in the marine environment
(references 1 and 2).

A summary of the results of part of the bacteriological monitoring is given
in figures 1 to 4, where an evaluation of the pollution load is expressed
in terms of E. coli (mean values) in the coastal areas.

The pollution of sea-water along the Tuscany littoral (figure 1) appears to
be highly variable and greatly influenced by the discharge of sewage
effluents in coastal areas facing Leghorn port and town and "ether urban
settlements, some of which receive considerable numbers of tourists in the
summer season. A very heavy polluted load is provided by the so-call
"Fossi® (network of sewage drainage canals of the ancient Leghorn). (See
sampling stations in figures 1, 2, 3 and 4 of the Tuscany littoral).
However, at some statiens the pollution load was lower than expected
because the pollution sources, such as small water-courses, were frequently
obstructed prior to discharge into the sea. At other stations, the
pollution load in multiple samplings was extremely variable, due to the
intermittent flow of sewage outlets. In many case, most bathing areas were
found to be below the threshold limit fixed by Italian sanitary authorities
(100 E. coli in 1060 ml ses-water).

The situation appears to be satisfactory in the coastal areas surrounding
the Elba Isle {figure 2), with few exceptions in localized water bodies
receiving sewage effluents from the major urban settlements and tourist
resorts of this island. In Capraia Isle {figure 3) polluted waters could
be detected only inside the boat basin, along the wharf, whereas in Gorgona
Isle (figure 4) only clean waters could be detected.

Additional technical aspects will be discussed in more detail in the final
report when all data gathered have been comprehensively analysed.

However, the bacteriological monitoring showed rather peculiar figures in a
coastal ares (latitude 43 22' 40 " N, longitude 10 26'13" E) receiving
untreated wastes 1 rom an industry producing soda and a number of other
chemicals. These alkaline and warm industrial wastes, carrying large
amounts of calcareous matter, are combined with domestic sewage prior to
discharge into the sea. Concentration of total coliforms and E. coli was
far lower than expected, both in wastewater samples and in the recipent
sea-water body. Moreover, the numbers of califorms were unusually and
considerably lower than these of faecal streptococci, which represented a
large proportion of total heterotrophic bacteria and heavily polluted the
whole coastal area under study.
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These atypical figures suggested a possible selective inactivation of
micro-organisms in the industrial waste water. Such a hypothesis was
supported by the results of additional laboratory investigaticns concerning
the survival under various conditions of three bacteria (E. coli,
Streptococcus faecalis and S. typhi), of a virus (type 1 poliovirus, strain
LSc2ab) and a viral antigen {hepatitis B surface antigen or HB Ag). We
completed a multidisciplinary study in this area, including aerial
photographic tests, physical parameters of water, particle size analysis of
sediments and mutagencity of waste water.

Conclusions:

The results presenied above, including the microbiological survey of an
extensive area of the Tyrrhenian Sea, show a general picture of the
pellution load of domestic sources in the monitored area.

Peculiar interaction phenomenz between enteric orgsnisms and pollutants of
industrial sources have alsc been investigated and related to their effects
in the marine environment. The definite detailed results of our menitoring
programme will become available at the end of the MED VII pilot project.



- 528 -

Figure 1
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Figure 2
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Participating Research Centre: Institute of Hygiene
University of Trieste
~ TRIESTE
Ttaly

Principal Investigator: L. MAJORI
Introduction:

The research activity of the Institute of Hygiene of the University of
Trieste within the framework of project MED VII, started in 1978. It
participates in an integration of numerous other research activities in the
field of marine pollution, from the microbiological as well as from the
chemical point of view, which wes initiated in 1970.

Area(s) studied:

The study area is shown in the attached map (figure 1). The urban and
industrisl quarters, the outfalls from domestic and industrial wastes, the
recrestional areas, the rivers and the currents are clearly indicated on
the map. The distribution of the sampling points is shown in figure 2.

The 55 sempling stations are located along the coast as well as aleng a
line perpendicular to the coast and at s decreasing distance from the beach
(10 m, 500 m, 1000m, 1500m).

Material and methods used:

Pretrestment: the determination of ammonia, NO., NO,, dissolved P
are executed on the filtered sample by the filter membrane with pores of
0.45 um diameter.

Temperature, conductivity and salinity are measured by an induction
salinometer with a sounding probe for recording temperatures at each point.

Dissolved oxygen is determined by the Winkler method modified according to
Alsterberger. Total coliforms are determined by the filtration method
using m-Endo agar incubated at 37°C (24 hours). Faecal coliforms are
determined by the same method with m-FC agar incubated at 44.5°C (24
hours). Enterococcus is determined by the same method with m-enterococcus
agar at 37°C (48 hours).

In some sampling points an analysis for qualitive detection of Salmonellae
was undertaken.

Monitoring of shellfish has also been performed detecting the following
parameters: total coliforms, fzecal coliforms, enterococci and qualitative
determination of Salmonellae.
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Results and their interpretation:

Part of the results concerning the physico-chemical parameters appears in
figures 3, 4, 5, 6, 7, 3, % and 10. Figures 1l and 12 give respectively a3
tentative evaluation of the quality of coastal seawaters of the Gulf of
Trieste based on £. coli and Enterccocci counts and the Italian
legislation.

Table 1 gives the summarized results of the microbioiogical menitoring of
the coastal seawater of the Gulf of Trieste for the period May 1978 - April
1979. Tables 7 and 3 gives the similer results for the period May 1978 to
September 1978 apnd for October 1578 to April 1979. Tables 4 and 5 gives
the freguency distribuiion respectively for faecal coliforms and for
enterococei.

The areas where pollution is the greatest are limited to the Bay of Muggia
(points 10 and 11) and to some of the paints along a line arginating in the
Bay (peoints 14, 15 and 16).

Two polluted zomes are found south of the Barcola outfall and in the Duino
area respectively.

The presence cof Salmonellae strains has been confirmed at points 11 and 15
in spite of & low faecsl coliform density.

Conclusions:

From the preliminary results described above, we can conclude that there
are two areas of high concentrations aof poliution, both chemical and
bacteriolagical

The faormer area is located along the northern dispersion line originating
in the Bay of Muggia, into which most of the municipal sewage and the
harbour waste from the city of Trieste is discharged.

The latter is located in ine northern section of the Gulf sectign off the
town of Duino and is probably due to a defactive sewage network and te
accasional pollution from aother human settlements in the neighbouring
touristic areas.
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Figire 1
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Fig. 11 — Tentative evaluation by means of Escherichia coli counts
the quality of coastal seawaters of the Gulf of Trieste.
(May 1978 — April 1979).
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Sum=arized Aats oo =icrobiclogical mmitoring of coastrl seavater of the tulf of Trieste
fdstribution of wicrobiel coupts Yy the indicated paramstric valmes (May 1978-April 1573).°
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surmarized dats oo microbiclogical smitoring of coastsl seevater of the Qulf gf Teste:
datribation of nicrobiol Tounts by the indicated parametric valuss (Hay-Septecber 1976},
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Participating Research Centre: Centre de Reches~he marine
Canseil national de la Recherche
Scientifique
BEYROUTH
Liban

Principal Investigater: F.S. GHORRA/H.H. KDUYOUM3JIAN
Introduction:

Work along MED VII lines has been conducted in Lebanon for the past decade,
although very few of the findings have heen published. " Among those
published, we generally observe a lack of systematic appreach, and a
general absence of comparability basically due to different mesthodologies
used.

Area(s) studied:

he area studied falls within the following co-ordinates: 35938'E, 34901'N
(Mazmeltein-north of Beirut) and 35°28°E, 33950'N (Khalde-south of Beirut).

Off the coast of Lebanon the major currents fall within the current pattern
of the Eastern Mediterranean. The current in our area has a value which
varies between 0.2 and 1.4 knots. Figure 1 gives all the important aspects
of this current and is based on unpublished data supplied by T. Goedicke.
Figure 2, which is alsc partially based on Goedicke's work, gives
information about rivers and octher major outfalls which fall within the
general area of study.

A total of about 40 stations are sampled for bacteriological analyses.
These are divided as follows: three control stations, seven under
influence of discharge points, and 30 reqular.

Material and methods used:

Due te the lack of instrumentation and other facilities at the Centre, not
all analyses were carried out using the MF method. This was intended to be
remedied, but, due to the situation in Lebamon, this transition has been
delayed. Eventually the MF method will be used in all bactericlogical
analyses. The bactericlogical parameters studied were: total coliforms,
faecal coliforms, faecal streptococci, Yibrio and Clostridium.

The basic methodelogy is based on the Guidelines prepared by WHO for this
purpase .,

OF the other relevant parameters, the following are resgularly observed:
gir temperature, weter temperature, sslinity, pH, waves, wind, visual
observation of floating pollutants and garbage on the coast.
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Results and their interpretation:

Based on the results obtained for our station throughout the sampling
period, these are some of the very general observations:

pH range: 7.13 - 8.28
water temperature: 13°C - 29°C
selinity: BBadl =.01.12 S

At this stage we are unable to present all our data, properly analysed
and tabulated.

These are the extreme valuss and are not indicstive of the general mean.
They compare favourably with past records. Water temperature was generally
colder during 1977. WNormally temperatures do not fall below 15°C.

As far as wind and drift are concerned, they tend to concentrate floating
material on the coast particularly to the north of Beirut.

As far ss bacteriological results are concerned, unfortunately they have
not been analysed in detail due to lack of communication between the two
principal investigetors as a result of the very difficult circumstances we
were facing.

Table 1 gives some bacteriological results. For the purpose of this
summary report, a few (three) stations representative of the ares studied
are selected and results reported. They are also compared with three
control stations and one station which is known to be influenced by a
nearby sewer. It is apparent that all values are below international
standards and are under the interim standard set by WHO for the
Mediterranean. It must be noted here that almost all sampling operations
were conducted after storms and heavy seas. Similarly, we wish to report
that so far no vibries have been isclated from our samples.

Conclusions:

All values fall within internationally accepted limits. Unfortunately,
bacteriological parameters were not studied during the summer season due to
the temporary cessation of our activities,



- 547 -

asiea-mag Jo (@ gl aad 23 §lunoDd [wiidldeq [Ie

e 13 TUdTSUL o T

apqed 9yl ¥y usal¥ osie §1 Iagunl YIed O I0IId PITPURIE I3

15498 3IT3E900P ¢ JO DIOUDATJUT 2Y3I IIpun $T 1 VoTIElw
SUOTIEIS [FHIOU 21® [{

puw 57 ‘11 suor3els

SUOTIPIS [OLILOI 2318 [h puw gy ‘g SUOTIEIP - gy
9t = L9 SET B £ 89 (219 i oc Z1°0 3 BLTEL |BTTY = Lg°5¢€ 87" 1 = "1z L1
ZZ = or 11e = (454 a5 A 69 BZ°0 5 1178 |ST°0 ] Z%°8E o't T 0L LE’
LiTA i 49 0% = 91 4 3 E (I} . y17g [ 9£°0 = S¥T6E 07¢ = 8°0% 1A
%1 Y 1% BL i 09t B A iz Lo o = 81°8 [ BT'O = 1276E &1 5 "1z 1i
9 7 L5 901 e wel S = z1 6L°1 s g91°g |09°'0 T BO°6E 97 £ 1712 1%
LT i Ly 06 Z g5t I %070 o Y1°8 | LZ2°0 = S °8E 07T = L°ot o
X g1l - {E% it = ord oL ﬂ.ﬂ €18 [LT°0 = TI7°8E 0'g T 0781 513
(z) {Ja}
isj[eosery ~dsajg 11oe 1e30L T{o2 "3 pd Lajuriag ‘dme Iziem [oU VOTIWIG

T 214l




- 544 ~

Figure 1

7 ENTABARJA

&
)\ ,‘ﬂ Vv Yx Mzamel tein

35038 E

Q/ | -;\’Ajy!/(f\/,,?—;:::si'n

=T L EGEND
ARBAGE DUMP : = .
== MAJOR CURRENTS

— EDDY CURRENTS

~ A — .
y m = ES;. f
RAS 3
= ~77].-CONCENTRATED
n:  GARBAGE
- E + MAJOR SEWER OUTFALL
< .= EONGSHORE SANDMOTION
t - ] SCALE
S > . s km

A haide o
35928BT .E, 33°50" N




Figure 2

\\
Sy Eif;
=L \i\_\
A dOn is

5 km -

Nane el Ficar

o
e B 4 sener (Fomestie)
Grg | / JUNIEH
- !
i 3
T, ;
_')-'3, ] Pl
2 3
N .- 4

-

- A
5&W
& e’f""_:*"-k\{ P

I




= 55% =

Participating Research Centre: Public Health Laboratory
Department of Health
VALLETTA
Malta

Principal Investigator: L.J. SPITERI

Introduction:

Healih inspectors submit samples of sea-water routinely to the Health
Department taboratory. Recreational waters are given special importance
during the bathing season (May-September}. Sites which are liable to
contamination due to sewage overflow are examined at least weekly during
the bathing season. Bathing is prohibited when counts are constantly
greater than 1000 E. coli per 100 ml,

Areas studied

The attached map (figure 1) shows the sampling sites, which are as follows:
San Lucian {reference area- clean)

Rinella (reference area nesr sewage outfall) - since August 1978 a
submarine outfall has been installed at Wield Ghammieq

5, 4, 5 and 6: Ghadira - after heavy rainfall in winter, overflow of an
adjacent sewer is possible with contamination with faecal organisms.

Length of coastline: 2 km,

Description of CGhadira Bay: Mo waste water outlets. Occesional overflow
of public sewer after heavy storms may contaminste bay. No solid waste
dumping sites on shores or offshore. Prevailing local current -~ north
easterly. Area is sandy. Meteorologicael data is that applicable to Malta
as a whole. Rocky hills on either side. Some cultivated patches. Various
types of soil, mainly in isolated pockets. Storm water enters coastal area
during N. E. wind periods.

Main recreational season June-September. Two hotels near heach area, two
restaurants adjoining beach. Densely utilized during summer. Main urban
settlement (Mellieha) does not discharge its wastes into area. No
industirial development in area. Whole beach constitutes bathing area.
Monitoring to be carried out 10 m from shoreline at points indicated on
map .



Materisls and methods used:

The bacteriological tests include total coliforms, faecal coliforms
and faecal streptococci by MF. MPN is carried out in parallel as
well as on other beaches.

The selected parameters which have been measured are:

surface temperature

salinity

vigual appearance of beach

state of waves

wind direction

the bacteriological tests include: total coliforms
faeczal coliforms
faecal streptococei

Resulis and their interpretation:

Figures ohtained by MF were tabulated and mean values, standard deviation
and distribution were obtained according to seasonal variations as shown in
Tables 1, 2 and 3.

The number of coliiforms in samples is much higher than that of enterococci
and the number of faecal coliforms is between the above two.

sixteen beaches in Malta and three beaches in Gazo cover practically the
whole bathing areas used during the summer period in Malta and Gozo {see
table 4}. Only St. Paul's Bay area fails the accepted interim
microbiological criteria (100 E. £oli/10C ml and no meore than 10%, of at
least ten consecutive samples should exceed 1000 E. Coli/100 ml).

This area now has a new sewage sysiem and betier results are expected in
the future.

The results cbtained clearly show the importance of wave heights, currents
and contamination from sewage overflow.

On the whole, higher counts are registered by the MPN method than by the
MF.

Conclusions and suggestions for continuaticn of work

Local legislation against the selling of shellfish as well as the
prohibition of bathing in polluted areas have helped against the incidence
of intestinal diseases in Malta. The incidence of typhoid has declined by
75% during 1978.

Work will continue and monitoring along the above accepted lines will
ensure that bathing areas in Malta will be clean accerding tc the accepted
interim microbiological quality criteria,
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Table 1: Total coliforms - MNo./100 ml; sampling point - Mellieha Bay

Sample values Point 3 Point &4 Point 5 Point 6 AlY points
Date (1978):
7.2 4 42 a 0 11.50
27.2 4] q == o] [ 4 2.50
7.3 57 4 4] 2 15.75
23.5 4] 75 &0 3 34.50
5.7 0 1] 40 2400 610
25.7 16 9% 10 26 37
8.8 40 57 1320 2400 954.25
12.9 6 266 48 176 124
Mean values
Surmmer 15.50 104.75 354.5 1250.50 431.31
Others 1525 30.25 16.5 2.25 16.06
Total 15.38 67.50 185.5 626.38 223.69
Standard deviationms
Summer 17.62 114.50 643.87 1328.74 430.%4
Others 27.90 53433 29.14 1.71 13.48
Total 21.60 87.97 459,00 1096.29 358.71
bistributions - P.C. No. z Ho. No. p4 Mo, % Ho. p
¢ - 100 8 100 7 87. 7 87.5 5 62.5 5 - 62.5
101 -1000 0 0 1 12. 1 12.5 1 12.5 8 37.35
> 1000 0 3] 0 0 o 4] 2 25.0 0 o]




Table 2: Faecal coliforms - No./100 ml; sawmpling point - Mellieha Bay
Sample values Point 3 Point & Point 5 Point 6 All points
Date (1978):
7.2 2 42 2 o 1.5
37.2 a 0 5 0 1.5
7.3 34 4 o 2 10.0
23.5 o 75 9 3 21.75
5.7 0 0 3 47 12.50
25.7 4 6 5 7 5.50
5.8 5 57 516 720 326.50
12.9 2 146 17 50 56.25
Hean values
Sumuer 2.75 52,23 135.25 203,50 99.69
Others 9 30.25 4.25 1.25 11.19
Total 5.88 41.25 63.75 1C4.88 55.44
Standard deviations
Surmmer B 67.53 253.91 341.59 151.55
Othecs 16.69 35.33 4.03 1.50 8,31
Tocal 11.52 51.26 180.39 249.65 110.05
Disgtributions ~ E.C. No. pd Ra, h4 tig )4 Hao, 2 Na. Z
0 - 100 8 100 7 87.5| 7 | 87.5 7 87.5] 71 | 87.5
101 - 1000 0 o 1 12.5] 1 | 12.5 1 12.5] 1 | 1z.5
> w00 0 0 0 0 0 o 0 e 0 0
Iabls 3: Faecal sirepiococci ~ No./100 wl; sampling point — Mellieha Bay
Sasple values Point 3 Point & Point 5 Point & All point
Data (1978): ]
i.2 1 104 1 D 16.50
27.2 i 0 13 2 4
7.3 0 0 1 1 0.5
23.3 ] 26 22 1 11.75
i 1 0 3 7 2.75
3.7 10 20 12 5 11.75
Fed 5 70 118 48 60.25
2.9 18 13 8 38 19.25
E’:ﬁ_:"n UJ}E‘?S o e e
§ o 8.5 25.75 35.25 24.5 23,50
“rf""f’“ 0.5 32,0 5,25 1.0 10.69
Wi S 5.3 2858 22.25 12.75 17.10
Suzmag
Gehavy 788 30.64 55,29 21.78 25.41
Total 0.58 49,32 10.21 0.82 11.54
——— 6.44 38.16 39.34 19.00 18.51
Dimerih: —p e | o -
~2irbbutlons - p.c. | me, 4 No. % No. - No. 7 No. | 2
0 - - =
101 - Yooy 8 | 100 7 | 875 7 87.5| & | 100 8 100
i > 1000 9 1 0 1 12:5 1 12.5 ] 0 g ]
= SiWiniot: o | @ 0 0 0 0 0 0 0 0
T e P —
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Table 4: Sea-warer - bacteriolopical data MPN (1 Japuary — 30 September 1978)

T E. coli E. coli ) E. coli
0100 1in 100 m] 101 - 1600 in excess of 1000/100 m} |

[Malta

Armier 17 3 3

Ghadira 94 11 1

S5t Paul's Bay Area 402 119 129

Sliema Area 450 11 2

Valletta 123

Xghira 58 2

Delimara 36 1

M'Xlokk Area &6

Wied iz—Zurrieq 26 1

Ghar Lapsi 15

St Thomas Bay 39

Ghajn Tuffieha 43

M'Scala 90 1 1

Salina Bay 41

Bahar ic—Caghag 22

B'Bugia Area 221 7 3

Gazo

M'Forn 5 37

Xlendi 36

Ramla 3 17

@@ = sampling points




Centre de Recherche Participant :

Chercheur Principal

Aucun rapport a été soumis.

Institut National d'Hygikne
Ministére de la Santé Publique
RABAT

Maroc

N, Benmansour



Centre de Recherche Participant: Centre Scientifigue de Monaco
MONTE CARLO
Principauté de Monaco

Cnercheur Principal: R. VAISSIERE

Introduction:

Le Laboratoire de Microbiclogie et d'Etudes des Pollution Marines a été
créé en 1967. 11 se compose de scientifiques de formetion différente qui
se sont spécialisés dans la surveilliance des polluants en milieu marin et
dans l'étude de leurs effets sur les écosystimes cdtiers.

Les prélévements d'eau de mer, comme la mesure des compasanis physiques,
chimiques et biologigues de ce milieu, sont devenus des activités de
routine du laboratoire qui a, en outre, étudié les conditions hydrologiques
de la région et la diffusion des eaux polluées par utilisation des traceurs
(Rhodamine, photograephies aériennes}. Une méthode automatique d'analyses
des détergents anioniques a également été mise au point.

Zone{s) étudide(s):

Depuis 1977, et par conséguent pendant les trois années du projet MED POL
V11, la totalité des eaux cétiéres de la Principauté est soumise &
surveillance. Trois kilomgtres de cote & vocation balnéaire ou portuaire
sont contrélés & partir de 1'analyse d'échantillons d'eau de mer prélevés
réguligrement tout au long de 1l'année en douze stations fixes {fig. 13}.

Matériel et méthodes:

Les meéthodes d'analyse utilisées pour ceite surveillance sont identiques &
celles décrites par 1'0OMS, les analyses bactériologiques étant conduites
par filtration sur membrane. La filtration est effectuge & bord du batezu
immédiatement aprés le prélevement.

Résultats et leur interprétation:

les eaux usées de Monaco et des sgglomérations voisines sont rassemblées
depuis juillet 1%71 dans un collecteur principal qui débouche en un point
situé provisoirement & 450 m. de la cbte et &7 m. de profondeur. Quatre
petites riviéres traversent ls Principauté. Deux d'entre-elles débouchent
directement en mer, l'une dans le coin nord du port, l'autre 4 la frontikgre
est. Les deux autres cnt été canalisées et se déversent dans le réseau
d'assainissement. Afin de décharger ce réseau des crues passagires, un
déversoir d'orage a été placé & proximité du raccordement de ces cours
d'eau aver le résesu, il débouche & 30 m. de profendeur & 500 m. de la
cote.

Les conditions hydrologiques different suivant que 1'on s'intéresse aux
masses d'eaux superficielles ou de fond.
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En surface régne un régime complexe résuitant des effets de Lrois
composants essentiels :

- la topographie cftigre : son effet sur lz circulation générale des
paux de la mer Ligure conduit a des courants articyclonigues coOtiers:

- le vent dent 1'action devient prépondérante lorsque celui-ci est
bien établij

- les petits accidents cdtiers : pointes digues, terre-plein, entrée
de Port gui peuvent protéger certaines zones, ou provoguer des
dépressions et conduire ainsi & l'accumulation de polluants et & des
mouvements d'eau particuliers d'ampleur limitde.

Au fond, le courant monitre une tendance % se déplacer en sens inverse de la
couche d'eau superficieile spumise & 1'action du vent meis n'atteint jamais
l'orientabion opposée comme cela est nettement observe dans les
circulations océaniques. Un décalage plus ou mpoins important existe entre
ces deux directions, il résulte de la topographie du fond et de la cote.

Fnfin, les eaux marines de Monaco sont caractérisdes entre la fin avril et
le début octobre par ung thermacline saisonnigre. L'isotherme de valeur la
plus elevée qui le délimite se situe au-dessus de 50 métres de profondeur
alaors gue 1'isotherme 159C peut atieindre le niveau 75 métres.

Les guatre tableaux saisonniers, (fig. 2, 3, 4 et 5), rassemblent de fagon
synthétique les résultats obtenus durant le projet MED POL VII.

Afin d’augmenter le nombre d'observetions, toutes les analyses effectudes
entre 1975 ei 1978 (soit environ 7100) ont dte prises en compte dans
1'élahoration de ce tableau.

Les résultats ont 2td séparés en sept groupes répondant aux conditions de
vent le jour du prélavement et ordonrés en classes définies suivant une
croissance logarithmique

Clagsses Valeurs Classes Valeurs
1 <2 5 55 a 187
2 2 a 6 & 147 & 508
3 5 &5 19 7 > 500
4 1% a 55

es tableaux regroupent la fréouence des différentes classes en fonction de
la station et de la direction du vent.

Conclusicns:
On constate gue les résultats zeoquis au cours du projet MED POL VII ne

different pas de ceux obtenus depuis juillet 1972 {date de 1'immersion du
cellecteur prineipal).
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t'anelyse de six ans de controle de la qualité des eaux marines de Monaco
(cf. Boisson M., Vaissigre R., Schommers E., Séméria J.) a montré que
1'immersion du collecteur principal & créé dans les eaux superficielles un
cycle annuel des polluants. Ce cycle se compuse d'une phase hivernale
(octobre & svril) et d'une phase estivale (mai & septembre).

En hiver, la concentration des polluants en surface s'explique par les
conditions hydrologiques du jour du prélevement. L'éloignement du point de
rejet ayent l'effet prépondérant par rapport au gradient thermigue.

En été, l*'amélioration de la gqualité des eaux cbdtikres provient
principalement de l'existence de la thermocline saisonniére au-dessus de
l'orifice du collecteur principal. Cependani des variations accidentelles
des conditions météorologiques et les modifications thermiques des masses
d'eau qui en résultent, peuvent conduire & des concentrations de polluants
en surface selon un schéma analogue & celui de 1a phase hivernale.
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Participating Research Centre: Jefatura Provincial de Sanidad
MALAGA
Espana

Principal Invesligator: R. MUJERIEGO

Introduction:

Coastsl water quality has been a subject of concern to the local
authorities of Malaga for several years. Public and private interests to
preserve the attractive touristic and recreational coastal resorts,
internationally known as the "Costa del Sol", have prompted numercus

attempts to evaluate the degree of pollution at the most frequented
beaches,

A systematic study was planned and carried out during the 1976 summer
season by the provincial public health authorities. However,
administrative limitations, coupled with the long distances involved (148

km}, resulted in a limited though realistic picture of the recrestional
water quality.

Ares(s) studied:

The 130 sampling stations considered in the 1976 summer session study were
initially intended to be used for the monitoring programme called for by
the MED VII pilot project agreement. However, in view of (a) the
inaccessibility of some areas to holiday makers, (b) the great differences
in public sttendance at various beaches, and (c) the technical and material
limitations of the Institutions, a series of natural beaches were selected
at which to carry ecut the 1977 summer season monitoring programme .

This was considered a more adequate alternative, capable of producing
statistically significent and representative results by having each
sampling station analysed approximately once every ten calendar days.

The study includes 36 sampling stations located on 18 km of coast east and
west of Malaga City, six sempling stations at the main beaches of Marbella

and three reference stations at the town of Maro, located on the eastern
provincial border,

Attached is a map showing the location of the sampling area (Figure 1).

Materials and methods used:

The microbiolgocal method used throughout this study has been the Most
Probable Number technique, instead of the Membrane Filtration method
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required in document EHE/76.1. The reasons for this change wers: (1) the
MPN methed is the official method routinely applied at the imstitution, (2)
the laboratory technicians are trained %o perform the MPN method and (3)
the lack of filtration apparatus to perform the MF method at the time,

The "Guidelines for health related monitoring of coastal water quslity®
were used as reference material throughout the study. The epidemiclogical
survey carried out during the 1977 summer season wes essentially in
agreement with the criteria contained in "Health criteris and epide
miological studies related to coastal water pollution”, though this
publication was only made available once the questionnaires had beenm
produced.,

A comparative study between MPN and MF methods for analysing total
celiforms and faecal coliforme was planned for the 1978 summer szeson
utilizing the filtration equipmsni end culture media sent by UNEP/WHO.
However, because of administrstive constraints it has not been possible to
carry out that study, and only a few sampling stations have been monitored
during the 1978 summer season.

There has been practically no monitering of shellfish, because of the real
scarcity of such species in the area. However, it soon became apparent
that some fish species, sardines ih particular, should be given attentian

as & really significant indicator for microbislugical pollution of marine
iife.

Results and their interpretation:

From the work carried out until now the following results can be pointed
out:

Climatic conditions were particularly abnormal during the 1977 summer

season. Results for the same period in 1978 reveal a behaviour much closer
to normal summer conditions.

Wind regime was similarly abnormal cduring the 1977 summer season, giving
rise to frequent periocds of rough sea conditicns and bringing sea-water
surface temperature down to as low as 17°C. Information available For the
1578 summer season reveals a behaviour closer to normal conditions, with
more frequent periods of calm waters.

It is possible to assert the presence of a coastal current regime parallel
to the coast that behaves somebow independently from the
wind regime,

It was not possible to detect s defined thermocline formation in the

vicinity of the submarine outfalls discherge area during the 1977 summer
season.
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The most frequently used method of waste water disposal within the pilot
zone is through submarine outfalls. Raw waste water is generally
discharged through one km long submarine outfalls ending in a single port
diffuser, located et approximately 20 m depth.

Waste water effluents are mostly of domestic origin with minor industrial
contributions discharging at sea through the Guadalhorce river. Waste

water flows are largest during the summer season due to the very important
national and internmational tourist influx.

A significant portion of the wastewater flow coming from the city of Malaga
is still discharged directly into the west side of the new harbour area.
Plans are underway to construct & new submarine outfall provided with a

waste water pretreatment station and s multipoert diffuser discharging at 30
m depth,

The bacteriological quality of coastal recreational waters relates quite

well to the proximity and characteristics of waste water disposal sites.

Experimental results show the presence of a few grossly polluted areas as
well as others with a minor degree of pollution.

A comparative analysis of totael coliforms and E. coli counts reveals an
inconsistent recovery of E. coli. A known reasocn for that result is the
repeatedly observed appearance of Klebsiella microorganisms on the
confirmatory agsr plates that makes the isolation of E. Coli irpossible, in
spite of the apparent metallic sheen.

The more spectacular effect of waste water disposal at sea is the formation
of visible patches of a yellowish scum 2-3m in width, located within a

targer 5-10 m wide oily slick and ranging from a few hundred metres to a
few kilometres in length.

Calculated values for waste water initial dilution achieved by submarine
outfalils was clese to 100: 1,

There is evidence that passenger and cargo ships docking at Malags harbour
dispose of their solid and liquid wastes by dumping at sea, particularly
while at the waiting areas outside the harbour, with water quality
impairment at the nearby beaches.

Results available from the epidemiclogical survey reveal thst: {a) skin,
eyes, ear and nose infections are the most frequent public health ailment
among bathers and (b} an increasing number of people are becoming concerned
with the impairment of coastal water guality.
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Microbiological results from different beaches were statistlcally analysed
by grapnical methods. Beth total coliform and Faecal celiform follow quite
well a log-normal probability distribution. Their statistical parameters
are summarized in Table 1.

Four statistical parameters hae been considered for total coliforms,
namely: T{S50, concentration not exceeded by 50% of the samples, TUBU,
concentration not exceeded by 80% of the sampies, TU90, concentration not
exceeded by 90% of the samples, and &g, geometric standard deviastion.
{¢g = 1n TC84 - 1n TC5Q).

Three statistical paramsisrs have been considered for Taecal colifarm
concentrations, namely, FC50 and FC9C, concenirations not sxceeded by 50
and 90% of the samples respectively, and &g, geomeiric standsrc deviation
(€g = 1n FC84 - 1n FCS0). This expression of the standard deviation is
considered more illustrative of the phenomenon under study than its

i o

corresponding value in terms of celiferm concentration.

A preliminary analysis of the data (mot included here} reveals a2 wide
variation of the TC/FC ratio, mainly due to low faecal coliform countings.

Scme of the factors respensibie for this fact are indicated in Iltem 9
herezsbove.

It is believed that fascal coliform countings were notably reduced by
several analytical interferences. Strictly speaking, all of the beaches
surveyed did comply with both the present interim microbioclogical
quality criteria (FCS0 = 100 FC/100 ml, FC90 = 1600 FC/100 ml) and the

Spanish coastal water quality standards (FCS50 =200 Fc/100 ml, FC20 = 10G0
FC/100 mi).

However, inspection of total coliform statistical parameters together with
visual inspection of the beaches seems to indicate that some of the beaches
were in fact not satisfactory from the microbiological point of view. If
the widely used aesthetic criteria developed in 1943 st Los Angeles,
California, beaches of TCBQ = 1000 TC/100 ml is considered as reference,
11 out of 17 beaches could not be considered as aesthetically satisfactory.

This is more in agreement with repeated visual sppearance of the water mass
at the sampling stations.

Conclusions:
From the above results the following conclusions can be drawn:

The relative comtribution of submarine cutfalls has to be recognized in
improving recreaticnal water guality in the coastal areas studied.
Furthermore, they represent a short-term sclution cspable of integraticn

into a more advanced waste water treatment scheme that could be bu'lt once
additional funds are available.
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There is 2 need for z more adequate design and operation of submarine
outfalls within the study area. Recent develepments in sanitary
engineering practice may be capable of offering more satisfactory solutions

than those adopted in some cases for reasons of apparent economy and time
constraints.

Considerable improvement of coastal water guality in the study area could
be obtained through a suitable combination of pretreatment stages to remove
floatable material coupled with an increased initial dilution of waste

water by means of a well designed multiport diffuser located at an adequate
distance from the coast.

Unless positive action is taken on the waste water disposal methods
currently employed, recreational water quality will continue to deteriorate

with the resulting effects on local, national and international opinion,
particularly as far as tourism is concerned.

There is a real need in all branches of local government, municipal as well
as public health authorities, for an active participation in all aspects of
coastal water quality management. Adequate numbers of trained personnel
should be assignred to carry out management and monitoring tasks. Among the
new aspects to be considered are the consequences of the recent
ratification of the Barceleona Convention and the two protocols.

List of Publications

Recreational Coastal Water Quality Effects on Public Health. Rafael
Mujeriego et al. Presented at the Workshop on Marine Pollution Control in

the Mediterrenean held at Antalya, Turkey, organized by ICSEM/UNEP.
November-December 1978.
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Figure 1: Ceneral map of the MED VII pilot zone of Malaga
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TABLE I. STATISTICAL ANALYSIS OF -ICRODIOLOGICAL CCASTAL UATER oc.ﬁﬁﬁ?.
ED-VII PILOT ZONE OF VALAGA. JULY AUGUST AND.SEPTEIBER 1977 *

P

} 7
{ . i
; TCTAL CCLIFCRIS ' FECAL COLIFORIS .
KiG.DER Tgtal coliforms/ 10 ml Fecal caoliforms/100 ml |
BEACH | SAIFLES | TC3C TCBO TC90 mtg FCc50 FG20 i Co
P _ — T T ==
N1l | 12 30 170 380 2.01 1 11 1,55
R 1 16 5 200 1500 6H.38 2 14 1.58
g R 2 32 450 5800 | 250C0 2.97 8 44 1.37
= R 3 24 140 1800 7000 3.00 7 110 2.CS
1Al 18 800 4000 3000C |. 2.53 4 57 2.01
A 2 1l 50 160 340 1.48 7 2 1.08
A 3 3 24 250 oCo 2.77 € 2G0 2.71
FA S 17 1000 | 20000, | 80CCO .44 18 150 1.64
X 1A & 16 1500 c400 | 24000 2,12 45 700 2.10
A 7 20 500 856G | 36000 3.32 8 220 Beiaill
MA 9 25 2800 | 1z0GO | 26000 1.7¢ 12 . 360 2.65
1A 10 14 | 2700 | 22500 | 70000 2.43 15 78 1.26
1A 11 51 410-{° 5800 | 22500 3.17 6 c0 2.14
A 12 27 . 350 2800 8200 2.L6 16 380 2,462
K 37 1ce 750 1500 1.61 16 130 1.61
. Kb 11 15 68 150 1.77 3 25 1.80
. E1l 9 70 | 10600 - - -1 45 3.52

(#) TCSC, for example, represents the total coliform concentration per
100 nl that is not surpassed in more than 50% of the samples.

O..M =n 1084 -l TCSC ot o.J =\n rces ..A.S..H..nmn

f



Participating Research Centreg: Jefatura Provincial de Sanidad

TARRAGONA
Espana
Principal Imvestigator: R. MUJERIEGO
Introduction:
Cosstal water gquality has been = subjext of concern to local authorities in

Tarragona for several years. FPublic and priveie Interssis to oressvve ihe
attractive touristic and recreetional coastal resorts, widely known as the
"Costa Dorada”, have prompied several attempls to evaluate the degree of
pollution at the most freguentzc beaches.

The development in the early 1970s of a large petrochemical industry
complex in the vieinity of Tarragensa city made evident the need for renewed
involvement of public heaslth authorities in enviromnmental health matters.
In spite of inecreasingly active participation in the waste water disposal
permit granting system, Tarragona’s pubiic health authorities are fully
aware of the need for systematic and continuous monitoring of industrial
and mynicipal discharges into nearby coastal water,

Areals) studied:

The ares studied covers most of the 210 km of proevincial coastline from
Cunit in the north to Ampolla in the south, near the Ebro river delta.

Considering (a) the inaccessibility of some areas to holiday makers, (b)
the great differsnces in public attendance at various bheschss and (¢} the
institutional constraint of having to monitor simultzneously water supply
guslity at most of the 72 coastal cemping-sites, hosting mors than 50 000
pecple, a series of natural beaches was selected to carry out the
monitoring programme for the MED VII pilot preject. This was considered a
realistic alternative capable of producing statistically significant and
representative results by having each station analysed once every czlendar
week.

The area covers a total of 27 sampling stations of which one is a reference
station, It is expected to increase the number of sempling stations during
Ene next year, according to budgetsry allocations.

Attached are maps on which the sampling staticns have been ident:ficd along
with other relevant informstion (figures 1, 2 and 3).
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faterials and method used

The microbiclogical method used throughout this study has been the Membrane
Filtration technique, as required by document EHE/76.1. This has been made
possible by utilizing the filtration equipment and culture media supplied
by UNEP/WHO. The parameters systematically measured during the 1978 season
were total coliforms (TC), faecal coliferms (FC) and faecal streptococei
(FS), Simultaneously, a comparative study between MPN and MF methods for
total coliforms and E. coli has been carried out during the present summer
season. "Guidelines for Health Related Monitering of Coastal Water
Guality" has served as reference material throughout the study,

There is a great interest in the proposed training sessions for MED VII
participants a2s an excellent opportunity for discussing the many
observations made when performing several of the new analytical techniques
at the laboratory, in particular the membrane filtration method for
microbiological examination of water.

Information contained in "Health Criteria and Epidemiological Studies
Related to Coastal Water Pollution® along with experience gained at the
pilot zone of Malaga were used in preparing the new questionnaire employed

during the epidemiological survey carried out among recreationists at
selected beaches of Tarragona.

Results end their interpretation:
Some preliminary and qualitative results among others are as follows:

Fishing and shellfish collection represent perhaps one of the most popular
and significant recreational activities along the coast of Tarragona.
Preliminary results from microbiological examination of fish and shellfish
specimens reveal the impartance of further monitoring of these species, as
far as Public Health is concerned. A year-long study programme is under
way to evaluate their microbiclogical and chemical quality.

The most frequently used method of wastewater disposal within the pilot
zone is through submarine outfalls. Raw municipal wastewater is generally
discharged through a l-km long outfall ending in either a single port ar a
multi-port diffuser, located at approximstely 20 m depth..

Wastewater effluents at most of the coastal areas are of domestic origin.
However, there is an important and rapidiy growing petrochemical industry
complex near Tarragona City that dispeses of its wastewater thraugh a
series of submarine outfalls of various lengths and functional
characteristics.

There is evidence that cargo ships, especially oil tankers, docking at
Tarragona harbour and at the several oil terminals dump their solid and
liguid wastes at sea, particularly while at the waiting areas cutside the
harbour, with the consequent impairment of the nearby beaches.
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Further analysis of the collectsd microbiclogical dats included:

Statistical analysis by graphical methods of microbiclogical results from
different beaches. Both total coliform and faecal colifurm Follow gquite
well a log-normal probsbility distributicn. Their statistical parameters
are summarized in Table I.

Four statistical parameters have been considered for total coliforms,
namely: TC5, concentration not exceeded by 50% of the samples, JCBO,
concentration not exceeded by B80% cf the samples, TC90, concentration nob
exceeced by 90% of the samples, enc ¢'g, geemeiric standard deviation. (#g
= In TC 84 - 1n TC50).

Three statistical parametsrs have been considered for faecal coliform
concentrations, namely FC50 and FCP0, concentrations not excesded by 50 and
90% of the samples respectively, and ¢'g, geometric standard deviation {(Ty
= 1n FCB4 - 1n FC50).

This expresison of the standard deviation is considered more illustrative
of the phenomenon under study than its correspending value in terms of

caliform ceoncentration,
Statistical analysis of faecal streptococci are not completed yet.

A preliminary analysis of the data reveals a wide variation of the TC/FC
ratio, malnly due to law faecal celiform countings. Same of the factors
responsible for this fact are indicated in this summary final report,

It is believed that faecal coliform countings were notzbly reduced by
several analytical interferences. Strictly speaking, only 5 aut of 27
beaches surveyed cdo not comply with both the present interim
microbiclogeial quality eriteria {(FC50 = 190 FC/100 ml), FC9O = 1000 FC/100
ml) and the Spanish coastal water quality standards (FC50= 200 £C/100 mi,
FC 90 = 1000 FC/100 ml)}.

However, inspection of total coliferm statistical parameters, together with
visual inspection of the beaches, seems to indicate that additional beaches
were in fact not satisfactory from the microbiclegical point of view.

Conclusions:

There is a need for a more adequate design and operation of submarine

outfalls within the study area. Specifically, a compulsory and effective

monitoring programme to svaluate the mass emission rates of important

pollutants should be included in each disposal permit. Otherwise, there is
no practical way of knowing the flow and the characteristics of the
effluents .



Considerahle im rovement of ceastal watsag quality in the study area could
i Y )

be obtained thraunh 2 suitable combination eof {a) some pietreatment staoce
- ¥

to remove floatable materials, (b) an adequate waste wetier initial dilution
and {c) an adequate distance For protecting natural shellrisn growing

arcas.,

There is a real need in all branchee of local goevermmeni, nunicipal as well

as public health, for active participatien in all azpects of cpostal water
quality management, Adequate numbers of trained perscnnel should be
assigned for ©arrying out management and monitoring tasks, Among the new
aspects to be considered are the legal tonsequences of the recent

ratification of the Barcelona Convention and ths two protoccls.
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Fipurve 1: MED V11 pilot zone of Tarragona, subzones 3 and &
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Figureg 23 MED VII.pilot zome of Tarrapona, subzones 5 and 6
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Participating Research Centre: Marins Biological St

16

institute of Biclogy
University of Ljubljana
PORTORUZ

Yugoslavia

Principal Investigator: M. LENARCIC
introduction:

Since 1971 the investigations of bacterial indicators of fascal pollution

aecal raliforms, etc.) have heen performed as
part of the pollution research programme, includinr complex studies con the
guality of coastal water, of Marine

e
1

 Biological Ststion, Portoroz.

The results obtained by the monituring programme have been presented at
some symposiums, meetings, and in publications and reports.

We started the new monitoring programme in 1977 as a part of UNEP/ WHU
Project MED VIL.

drea(s) studied:

Qur programme on coasktal water quality monitoring covered the area of the
Yugoslav side of the Gulf of Trieste which is the most northern part of the
North Adriatic, i.e. coastal waters along S. R. Slovenia. The length of
our coastline is about 35 km, including two shallow and closed bays: Koper
Bay and Pirsn 8Bay. The average depth is 20 m.

The coastal hinterland, made of flysch sandstone is discharging into the
coastal sea important amounts of fine sediments and nutrients. Therefore
both turbidity and primary productivity are quite high. Kaoper Bay is the
most polluted part of the area. It is polluted directly by domestic waste
discharge (non-treated) via outfalls and by the river Rizana (average flow
1Im”/sec) which is polluted by industrisl and domestic wastes. The town

of Koper is situated on its coast (20.000 inhabitants) with its port (for
chemicals and different cargoes, 2-3 million tons/year). On the cocast of

the same bay is the town of Izola (17.000 inhabitants) with its food
industry {(figure 1).

Piram Bay is practically unpolluted. It receives the river Dragonja
(average flow 0.5 m”/sec) which is slightly polluted by domestic

wastes. The town of Piran is situated there (10.000 inhabitants). The
shores of Piran Bay are intensively used as recreational ereas and
sorrounded by many hotels (15.000 beds). Domestic waste waters treated by
primary treatment plant are cischarged through the underwater gutfall 3 450
m off-shore (0.1 m”/sec average flow) plus twg small cutfalls whish ars
located 100-203 m of f-shore (Figure 2.
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To moniter the sanitary quality of coastal waters used for bathing,
twenty-seven representative coastal stations (10 m of f-shore in surface
waters - 0.5 m} were selected in the recreationasl waters along our
coastline., Seven additional open water stations at different distances
offshore were also monitored as reference stations (at different depths - 5
m, 10 m, 15 m, 20 m}). The main sources of pollution (rivers Dragonja and
Rizana), and main outfalls were included in our programme and twelve
stations selected.

The shell-fish culture at Strunjan was chosen for monitoring.

Materials and methods

The membrane filtration technique and media, as described in Guidelines for
Health Related Monitoring of Coastal Water Quality, WHO/UNEP, Copenhagen
1977, were used as bacteriological parameters.

The standard methods as described in Strickland and Parsons (1968) and
Grasshoff (1976) manuals were used as other parameters.

Results and their interpretation:

The following parameters were monitored at all stations:

- total coliforms

- faecal cpliforms

- faecal streptococei

- salinity

- water and air temperatures

At the reference stations (which are also the points of the Marine

Biological Station's systematic monitoring programme) complex invesligations

into the whole pelagic ecosystem and its bioproductivity were performed.
The parameters are:

- hydrographic: temperature, salinity, oxygen, pH

- bioproductivity: nutrients, phytoplankton biomasses (chlorophiles)
Surface-sea temperature measured in waters along 5. R. Slovenia varied:
7.99°C (January 1978), - 23.75°C (July 1978} and at the bottom temperature
9.03°C (January 1978), 19.80°C {(August 1978}.

Oxygen values were in the range of 6.90 mg/ml (Octaber 1978) and 9.51 mg/ml

(March 1978) at the surface sea-water, and at the bottom 5.85 mg/ml
(November 1978) and 9.48 mg/ml (March 1979).
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Salinity ranges were 33.52°/., {(July 1578) - 37.29%/., (January
1979) at the surface and 36.049/,, (Qctober 19787, 38.17%/,,
(January 1979) at the bottom,

pH variations wers in the range 8.24 (in the summer) to 8.52 (in the
winter) at the surface and 8.18 - 8.57 at the bottom. In the estuaries of
the rivers Rizana anc Dragonza values were in the range of B8.15 - 8.58 at
the bottom and 7.75 - 8.32 at the surface.

In a one-year peripod (March 1978-March 1979) nutrients concentration values
were in the range: 5.06_- 37.72 mg NO 3/m”, 0.92-30.356 mg NG 2/m’,

8.50 - 100.464 mg_nH 3/m”, 5.80 - 66.50 mg PO,/n” and 5.27 -

27.59 mg P-tot/m”_at the surface and 31.00-261.02 mg NO 3/m3, 2.74

- 57.%0 mg NO 2/m”, 10_03~BD“753mg NH 3/m”, 2.85 - 37.05 mg

PD&/m , 2.17 - 27.28 mg P-tot/m” at the bottom.

The minimal concentrations of ND, and ND3 were Trecaorded in the
summer and the meximal concentrations recorded in wintsr, but maximal
NHa trations were measured in the winter and minimal NH

concentrations in spring. HMaximal concentration of PD& were detected
in the winter.

The nuirients concenirations were higher in the Bay of Koper, close te the
main outfall area and in the estuaries of Rizana and Dragenza. The
m%asurements were varied 1n the Bay of Koper: 0.C0 3—%194.80 mg NUB/

m°, 4.60 ~ 69.00 mg NI 2/m”, 27.20 - 460.70 mg NH 3/m” and up

to 228.70_mg POa/m’ and at the surface of the Rizang up to 2322.52

mg NO 3/m” and the Dragonja up to 2366.54 mg NO 3/m”.

The horizontal distribution of d%ssalved organic nifrogen was uni formly in
the rsnge of 11.20-722.40 mg N/m”. The highesi concentra tions were

detect%d in the Bay of Koper, clese to the main outfall area {up to 1733.40
mg N/m”)

Cnloraphyll concentrations varied from 0.00 (below detection of the method)
up to 6.51 ug/l, registered during the bloom of Sceletonema costatum in
March 1978. In general, three sharper pesks were recorded from Marzh ko
April 1978, from May to June 1978 and from November to December 1578,

The report represents resulis of invesiigstions into bacterial indicators
of faecal polluticn from November 1977 to April 1979. Sampling ang
analysing were done elaven times during November 1977 to April 1979- six
months in the winter season (Nevember, February, April 1977/78 and 1978/79)

and five times in the summer season {(every month from May to September
1978).

Altogether 515 seawater samples were collected as follows:

262 samples were taken st pecints chosen as coastal stations (recreatianal
water, public besches), at a distance approximately 10 m off-shore.
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144 zamples were Laks the mein scurces of pollution (26 samplss st
rivers Rizama anc Dragon ant 114 soaples 3t main gubfalls.

109 samples were taken abt reference stations which were selectsd at a
1

Kesiats ostal =26 by 5ot bhzcteris

coliforms, Taecal colifocns,

ag mea
valuss for winber and summer months

(see teble 1) show that sericur Faecal pollution in the

ong 5. K. Slovenis is confine ehe zone in the Bay of

at the wein direct oukfells

Ai, AZ {lecac z0.000
sniba) . wibere high concentrations cteria wers found
Feecal culiferms/)00 ml), But thzir numbzr decrezsed rapidly
from the seurce of pollution towavds the open sza.

There ere some other smaller direct cutfzlls in the Bay of Koper but

L =
cney
heve little effect on publis beaches their influence being limited in time

and plaze

In Pirap Bay there is an underwster outfall discharging primarily trested
domestic waste waters. The investigations at the outfall (3450 m

sff-ghare), Station € show aimost no influsnce, except al the bottom {(depih
20 m) near the diffuser.

There is snother small cutfall 200 m of f-shore in the town of Piran
(Station E) which is near s public beach {Station 17) but this slsn has
Little influence on the water quality.

Ancther slight factor contributing to the pollution is the river Rizana

flowing into the Bey of Koper and the Dragonza flowing into ihe Bay of
Piran.

The counts at sll stations showed lower values than 1000 faeca
coliforms/100 ml except at the stations Zusterna {Scation 5), lzala
{Station), Valdolera {Station 2) and Arkaran (Station 3). Az to statian 3,
the velues obfainzd could be attributed Lo the effect of the main outfall
Prow Keper as desciiied above, and most probably o the influence of the
smallzr vucfall near the station. The resulis from Stetions 2, 3 and &
could be gteviobutsd to tone effact of the smaller outfall of sewage & few
metres olfi-snore,

l,

-

fhe zatios ov Leoosi califarms and fascal coliforms and of 3] conliforms
ang Fazegl strentocosc. are shown o Tabhle 5. The conputed ratios ars

raried dependant on the distances of the stebtions from dirsct sourcss of
conlanination,

Monitoring of shell-fish znd cualture arears

"ish grown 1n




Shelifish and shelifish-growing water sampling was done at the same time.
The frequency of sampling and analysing was wonthly, from July 1977 %o
April 1979. The parameters measured were: total coliforms and faecal
coliforms. The multiple test tube method was ussd for shellfish and
shellfish-growing water analyses {see Guidelines for Heslth Relsted
Monitoring of Coastal Water Quality, WHO/UNEP, 1977).

The results of these investigation are shown in tabls 4.

Considering the recommended interim (WHQ, document ICP/RCE 206 (8), Rome,
April 1978) 13 samples out of 24 (tntal number of shellfish flesh samples)
fell intoc the range of 0-2 faecsl coliforms/g, 6 samples into the range of
3 - 10 fsecal celiforms/g, and 5 samples contained more than 10 faecal
coliforms/g of shellfish flesh.

Conclusions:

Teking into the consideration the recommended interim criteria {WHO,
document ICP/CEP 209/A (2) 1), Athens, 1977) we can underline in our
conclusions that only 9 out of 262 semples taken at public beaches
contained more than 1000 faecal coliforms/100 ml while 203 samples were in
the range of 0-10C Faecal coliforms/100 ml. That means that most of ocur
public beaches could be considered as highly satisfactory bathing areas.
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1ist of manioring stslions {n tha cosstsl sea along S.R.Slovanid

niis {Yugo sla\
Gulf of Triast {North Adriatc) .

-

Recrationsa! wetars,

(zwimming aress, coastal staticns, 10 - 20 m from shoreline)

Station symbols ' Locsality Terms

1  Debeli rti¢

2 Valdoltra

3 Ankaran

4 _ Koper

5 Zusterna

6 Rex

7 . Izola ~ camping
8 - - .. ‘.. .dzsla_publicbeach
Tge TRV esla’-light house,

) ‘10% _- W _q “ ‘“m _ Simomvzaliv .

12 | ‘ o " Strunjan public beach
13 | Strunjan - " -
14 Pacug
15 Fiess
16 Piran — hotel "Punta®
17 ' Piran - botel "Piran”
18 Piran — public beach
19 Bernardin - hotel "Emona"
20 ' Bernardin - public beach
21 Portoroz - store-house
22

Portoroi - hotel "Riviera”
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Station symbals

locality Terms

c,..

‘HNREBRE

Polluticn point sources

Rivers

R
D
D1

FortoroE - public beach
fnciia

Seia — eamping
Sofa - “Kibit"

Kanegra -

Rifana - outflow
Dragonja - outllow
Dragonjs - estuary
500 m fror outflow

J\ . g : m_mdnﬁixﬁctﬂhdw:ofmn—tmatedm, at
3 e @ * ' 4ue pointof discharge N
Al " 100 ot the point of dlscharge
A2 250 1o o¥f ' " {0.5 m, Sm)
A3 3000 m . {0.5 rm, 5 m, 10 m?

"%B— —

c Piran — UW outfall of treated sewage

E Piran - outfall at "Punta”

F Piran ~ outfall at "Salvett” (Metsoric waters only)
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Lizt of monfroring ststions {n the cozstal sca elang S.R.Sloventja (Yuposlav

Gulf of Triest (North Adriatic)

3

iecrations=] wetars,

(swimrming areas, cosstal stations, 10 - 20 m from shoreline)

Statinn symbols Locality Terma
1 Debalf rti&
2 Valdolira
3 Axnkaran .
4 Koper
5 Zustarna
6 Rex
7 Irxola — camping
. = Zzola~ public besch
hg“ - Y m_.ugm h&me_
4 ' ‘ Balveder . - . ..
2 " Strunjan - public beach ~
13 SErgnjior= " = =
14 e
15 _ - Fiesa
i ' > E Piran — hotel "Punta®
17 ' Piran — hotel "Piran®
18 7 Piran - public beach
19 Bernardin - hotel "Emona®
20 ' . Bernardin - public beach
21 Portorok - store-house

22 Fortorof - hotal "Riviera"
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Rzisrencze r stlons off-shore

Station symbols N Coordinates Station Depth (m)
1 o .45° 36,2° . 20m.
' 13°39,8°

: O ¥

I 457 33,6 i5m
13° 43,7°
o ’

m 45% 33,3 i m
13° 39,3°

v 45° 30,3 10 m
13° 32,8°

20 m

vo - 25°30,6" _ 10 m



{Table 2)

Stations less than 100 more than 1000 _
depth/m A1l samples 22:;?3;??:;2) All samples f:i;;g:?i“;?g;

26 90.9 100.0 €.0 0.0

27 _ 100.0 100.0 0.0 0.0
1/0.5 100.0 100.0 0.0 0.0
1/20 100.0 i00.0 0.0 0.0
11/0.5 # 70.0 - 100.0 : 10.0 zgo.n_
/15 100.0C 100.0 0.0 0.0
IX/0.5 77.8 100.0 g 6.0 : 0.0
/18 100.0 100.0 | 0.0 0.0
IV/0.5 - 100.0 . 100.0 0.0 0.0
V/0.5 100.0 100.0 0.0 0.0
V/20 100.0 100.0 0.0 0.0
V1/0.5 100.0 100.0 0.0 0.0
V1/15 ' 100.0 - 100.0 : : 0.0 - 0.0.

VIS5 100,00 100.0 0.0 0.0
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Table: 4 Data on faecal contamination of mussel - cultures in Sunian

during 1977 tc 1979

GROWING WATEX MUSSEL
Date of Temp. Total colilorms Faecal coliforms Total coliftrms Fzecal coli {orm.
sampling - n/100 mi n/100 mi n/100 g n/i00 g
27.7.77  24.5 g 0 430 150
16.8.77 25.2 0 8 220 o
8.9.77  23.5 9 4 430 A0
6.310.77 17.5 0 0 4350 99
25.11.77 14.3 0 0 930 430
27.12.77 12.0 0 0 30 0
29.1.78 8.0 33 21 4600 430
17.2.78 7.8 460 - 150 1500 0
11.4.78 11.1 23 o - 90 0
W 17.4 0 330 230
9.5.78  17.4 0 4600 430
14.6.78  17.5 0 2400 430
14.6.78  17.5 | D 430 . 430
11.7.78  21.6 29 93 24000 © 24000
25.7.78  23.7 0 o 46000 - T 300
2.8.78  23.6 15 S - 160 160
18.9.78 21.7 40 0 930 90
6.10.78  1B.6 0 D . 11000 45060
7-11.7B 15.5 0 0 150 150
$.12.78  11.1 4 4 030 930
9.1.79 . 5.2 0 0 91- 97
' 6.2.79 9.2 43 15 14000 4600
6.3.79 8.8 o 0 230 9
5.4.79  11.0 0 ) 1500 1300
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Participating Research Centre: Center for Marine Research
"Rudjer Boskovic" Institute

ROVIND

Yugoslavia
Principzal Investigator: D. FUKS
PILOT PROJECT: MED POL VII

Introduction:

The first steps to develop a methodology for the study of microbiclogical
parameters relevant to the guality of cocastal waters were taken at the
Centre in 1972,

Systematic monitoring of the sanitary quality of recreational beaches and
shelifish-growing waters started in 1973 at a limited number of selected
s.otions in the vicinity of Rovinj, using a few basic parameters such as
total and faecal coliforms, BOD, basic chemical, physical and
meteorological factors. Since then this monitoring programme has evolved
considersbly and resulted in a number of publications and reports.

Today, regular surveys made by the Centre cover large areas of the Northern
Adriatic, in particular along the western and eastern coast of the Istrian
peninsula and the Bay of Rijeka. The number and type of parameters studied
in these aress have also increased and diversified, and at present the
Centre is successfully carrying out complex studies on the quality of

coastal waters at the request of the Government (i.g. MED VII), local
authorities and industry.

Area(s) studied:

The Bay of Rijeka, as well as the western and eastern coast of the Istrian
peninsula, were selected to investigate systematically the guality of the
recreational waters as the Centre's contribution to MED VII.

The Bay and the eastern coast of Istria are surrounded by limestone
mountains with steep slopes, which continue under the sea, while the
western coast of Istria is surrounded by relatively shallow waters. The
shoreline is in most cases rocky.

One of the surface_waters entering the area is the small river Rjecina
(everage flow 20 m3/s), which is heavily polluted by domestic and
industrial wastes originating from Rijeka. The other surface water entering
the region (river Mirna) is reiatiely clean and carries on average 60

m”/s of water. The waters of the Northern Adristic, including the ff/
coastal waters of western Istria, are influenced by the northern Italian
rivers, in particular the river Po (stations &6 and 7).
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Owing to the specific characteristics of the region, there are rumerous
underwater wells in the vicinity of the coastline, their content aof water
depending on the amcunt of rain falling over the adjscent mainland. During
heavier rainfall the stormwater entering the Bay is copsiderables. The
average annual precipitation in the area is 1 400 mm/m" .

The shores of the arsa are used intensively as sn zlmost ail-year-round
recrestional zone, which, in the peak of the season, can accommodate up to
250 000 tourists a day.

The town of Rijeka, s:ituated in the Bay, is one of the largest Yugosliav
coastal cities (160 0G0 inhabitants) and its harbour (8 million tons/ year)
is one of the mest important in the country. There are a large number of
activities in the city itself and in its strrowndings:  an airport
terminal, shipyards, refineries, caking plant, petrochemical, paper,
textile, machine and taol incustries, ete.

The sanitary quality of the recreaticnal waters of the area has been
systematically monitored at 27 coastal stations (not more than 10 m from

the shoreline), grouped in four regions (figures 1, 2, 3, 4 and 5) since
the summer of 1976.

Materials and methods used:

The operatianal document For the MED VII project (document EHE/76.1) and
the Guidelines for Health Related Monitering of Crastal Water Quality {WHD,
Copenhagen, 1977) were strictly applied in carrying out the work described.

Results and their interpretation:

The following parameters were monitored regularly at all stations: total
coliforms, faecal coliforms, faecal streptocoecci, dissolved oxygen,
BGD., pH, salinity, temperature and atmospheric conditisns. In

addition, at the eight open water stations, nutrients, primary productivity
and currents were measured.

The comparative analysis of the data obtained in the four selected regions
(Figure 1) shows that there exists a significant difference between the
stations of these regions. As expected, stations located closer to the
land-based sources of pollution, i.e. sewage outfalls, revealed a higher

degree of coastal pollution when measured by the indicators used in this
study.

The recorded variations of gea and air temperature at the various stations
were closely related to the climatclogical and metecrciogical conditions of
the area. At some stations (i.e. station no. 8) these parameters were alse
medified by the amount of fresh water entering the sea in the vicinitv of
these stations, directly from land or through underwater wells. In
general, between September and February, when the measurements were made,
the temperature of the air was lower than that of the sea. The surface ses
temperature varies between 9.0°C (January 1978, station no. 23} and Z7.69C
(July 1977, station no. 27).
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As a result of uneven inflow of surface waters and fresh waters from
underwater wells, the salinity of the sea surface showed areet variations
at most of the statioms.

Salinity ranges recorded at stations in the region of Rijeka
particularly wide variation (19.35°/,, - 37.43%/ o0 !1 stations
of the region with the exception of station no. B where salinity

for a1l st
tcecasionally dropped to 4.20°/,,}. Salinity veriations at the West
Istrian stations were in the range 26.44°/,, - 37.89°/, ..

Owing to the high buffer capacity of the cea-water, pH values were in the
range of 8.00 - 8.40. Exceptionally low valucs vare found only at stations
(e.g. station No. B) heavily influenced by coastal wastie discharge where s
minimum pH of 7.40 wes recorded.

Oxygen saturation of sea-water was regularly close to 100%, with
occasionally slightly lower saturation at stations in the Rijeka region,
due to the smount uf wxygen-consuming organic waste.

The mean biochemical oxygen demand was somewhat lower at the stations aleng
the West Istrian coast (0.8 - 1.3 mg 0,/1) than at the stations in the
region of Rijeka (1.3 - 1.6 mg 0,/1). "The highest recordad value for

BOD 5 was at station No 6 (5.1 mg 0,/1).

The mean values for total ccliforms, faecal coliferms and faecal
streptocoecci are listed in Table 1.

The majority of stations (except stations no. 4 and B} in the region of
Rijeka showed significantly lower values during the summer season than
during the remainder of the year. High mean values durinpg the

out-of -season period indicate the certain influence of meteorological and
hydrological conditions on the state of pollution in this area,

Higher mean values noted during the summer season, compared with those
noted during other seasons at the majority of stations along the West
istrian coast, indicate the increase in coastal pollution due to the

growing number of summer tourists accommodated at hotels and other
facilities along the coast.

Although the concentration of total coliforms might not be the best
indicator for contamination of sea-water with faecal materi=zl, results
obtained in our survey (table 1) show good correlation with the location of
outfalls bringing into the sea either faecal material or material enhancing
the survival and reproduction of micro-organisms in the area.

Faecal coliforms (E. coli) were measured at all stations as one of the most
sensitive indicators of the degree of sewage pollution a2nd sewage
dispersion arcund points of sewage discharge.
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Highly satisfactory bathing areass should
counts of consistently less than 100
aecemtablu, bathing walters shoold not
1000 E. coli per 100 ol No more than
samples collected duripm i
108 mb.

E. enli [fospal coliforms)

i e he canstrierad

g than

bathing season should gxnec nen oy, coli per

Teking these criteris into accoun', stations nos. 1 and 7 are bayond kne
acceptable iimits set for recreational waters (more than 0% of samples

having 1 000 FC/100 ml). However, it should noted
pathing season all thess stations could be consicer

None of the can be coosidered as highly sabas

2 e L Hp Ay
receeational { le 2.a
The computed ratios of facscel colifeims and Toe.si st eplocosel (FC/r2) for
stations nos 1-8 are between 2.7 and 5.% indicsting thet they mes uadsr She
direct influence of raterial.

Results obtaj

st siatliuns in the Puls region indig: igh
fecreational quality, although the computed FC/FS ratios (G.5-2.3) show
oceasional influence of contamination with human faecal materigls f
sources that are nolt in the vicinity of the stations.

Statiens in the region of Porec show somewhat higher faecal coliform
values, some of them occasionally exceeding (mot in the bathing season) the
1 000 FC/100 ml. Two of six examined beaches can be considered as *highly
satisfactory bathing areas". The FfC/CS ratios indicate that rope of the
stations is under the dire ct influence of human {zecal contamination,

Stations in the Umsg region have never exceeded the 1 OG0 faecal
coliforms/100 ml and had a low FC/FS ration (0.1 - 1.8). Three stations of
six examined peaches can be considered as highly satisfactory from a
recreational standpoint.

Table > gives the period of sampling and the number of analyses per
stations in the controlied areas.

he correlation between total coliforms and faecal coliforms on 77 staticns
examined, are presented in table 4. IF "the 0.01 level™ iz used s
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criterion of significance, a good correlation was then found botween TC and

FC for stations Nes. 1-7, 10, 11, 16-22, 24-27, Ne correlation bgtusen 10

and FC was found for staticns Mos. 9, 12, 14, 23. (ne could speculate that
the ecorrelation dropped with the degree of pollution,

Seasonal variatinns of “he number of faecal califorms caused by the
influence of NE ard S. winds on the spreading of pollution n cosr ial water
are presented in fable 3. Due te the lack of significanl nusber of data
with the same metecrolugical conditions only stations Mus. l-6 were
analysed.



The 5. wind (in Rijeka Bay) has driven back sewage relesssd from the outlet
to the shore and caused higher mean values at all statiocns (summer and the
remaining part of year),

The NE wind has removed pollution from the seasiorc and

and Caused

significantly lower mean values at all stations (except No. 8).

Significantly higher mean values were found for siations Nos. 1-6
influenced by 5. wind.

Conclusions:

fhe survey of recreational waters in four selected regions of the

North Adriatic (Figure 1) revealed the correlation betwoen the sanitary
(recreational) quality of waters at selected stations and the vicinity
of land-based sources of contamination.

The region of Rijeka is influenced by pollutants and some of the stations

of this region are close to the limit set for “scceptable® bathing waters.
The stations surveyed in the other three regions (Pula,Porec, Umag) are

clean (er sporadically slightly polluted) and none of the nineteen controlled
beaches can be considered as highly satisfactory from e recreational
stendpoint, although some of surveyed stations are occasionally

influenced by indirect pollution from land-based sources.
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University of Zagreb, 1975.

D. FUKS and Z. FILIC: Microbiological Quality Control of Shellfish
Growing Waters and Elimination of Bacteria by Mussel Mytilus
galleprovincislis Lmk. Ichthyologia, 9 (1977) 101-106.

D. FUKS: Cruises of the RV "Vila Velebita" in the Kvarnmer Region of the
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D. FUKS and S. KECKES: Variability of certain Microbiological and
Environmental Water Quality Indicators in Coastal Recreational Waters
of f the West Istrian Coast, Yugoslavia. Thalassia Jugosl. 13/1 (1977).
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Area studied in the framework of MFD VII

i

Figure

PORES

Stations:

RIJEFA
Stations:

tations:
9-1%,C.,D

- [ . . . . “ . e
Note: Sampling stations are grouped in indicated regions named afrer the vicinity of the largest
Lown .,
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Table 1: Mean values and their standard deviations for totzl coliforms, faeca}l coliforms and
faecal streptococci in samples taken at examined stations (data separated in “summer”
and "other” (seasor) columns)

Stetions | Totel coliferms /100 ml Faecal coliforms n/100 ml Faecal strentococci n/l100 o}
Summer ] Ctlers Cummer Others Summer f Cthers
E. 3 [

1 138,9 « 7.1 |289.1 &+ &.7 69.3 + 6.8 |147.% + 9.8 35.2 &+ 7.0 %2.5 + B.0
2 o4.2 4+ 10,5 {207.6 + B.B &4,7 + 31.2 j112.6 + 9.8 43,6 + 9.1 53.1 4+ 9.9
3 75.3 + 5.2 |239.3 + 5.4 27.6 + 9.0 | 69.6 + 6.6 19,7 + 5.0 39.2 + 9.7
5 56.6 + 10.C | SRR 1+ 10.4 30.8 & 10.3 | 25.1 + 10.3 41.1 = 7.2 18,5 + 1.1
5 72.5 2 7.3 | 124.9 + 4.4 3.0+ 7.2 9B.5 + &.2 10.4 & 7.2 15.7 2 7.5
6 45,7 + €,2 |138,8 + 6,1 21.0+ 59 | 9.9+ 6.6 15.2 2 7.6 47.7 . B.3
v 192,0 + 4.7 {257.3 + E.l 69.B x 5.1 [131.5 % 9.3 25.6 + 7.B | 30.2 & 12.7
8 315.0 + 3.3 | 304.2 + 4.4 178.9 + 3,6 |113.1 4+ 4.2 71.1 + 5.8 | 62.8+ 5.9
A 5.8+ 10.2 | 75.5 + E.8 1.8+ 3.3 | 65.9 4+ 6.1 4.2 + 7.9 59,0 + 20.2
B 7.9+ 5.2 | 91.1 2 4.7 2.6+ %35 | 46,1+ 2.5 | 2.1+ 3.2 | 451+ &.8
9 7.8 + 7.2 2.3+ 7.8 3.6 + 5.6 1.4 + 2.4 4,4 & 7.5 2.7+ 5.8
10 4,0 4+ 8.1 1.4 & 3.1 2.5+ 2.8 1.2+ 1.7 3.0+ 5.6 2.8 » 3.8
11 13,4 + 0,2 2.3 + 4,7 8.1 + 6.2 1.8+ 4,1 B.1 + 3.9 3.3+ 6.5
12 5.9+ S.& 10.7 + 5.3 8.7 + 5.6 4.5+ 3.7 19.9 + 7.9 3.3 & 8.7
13 5.7+ 5.% 1.1+ 1.3 3.2+ 4.3 1.2+ 2.8 4.3 + 6.2 2.1+ 3.5
14 8.7 + 3,9 1.7 3 2.6 1.9 ¢+ 2.3 1.0+ 1.0 3.6 4 8.8 1.6 + 2.0
15 2.4 + 4.5 1.4+ 2.4 1.3 + 1.7 1.1 = 1.4 3.5 3.9 1.7 » 2.7
c 2.6 =+ 5.3 1.0 + 1.0 2.8 3 8.9 1.0+ 3.0 3.2 2 6.2 1.0 + 1.0
D 1.9+ 2.8 1.+ 1.0 1.3z 5.9 1.0 + 1.0 1.8 + 2.2 l.o+ 1.0
15 110.6 + 8.4 | 443 + 8.0 80.0 + 6.5 | 30.5+ 6.9 B7.3 + 5.5 | 208+ 7.8
iy 73.1 x 16.8 2.7+ 3,9 |. 9.1 1 12.2° 1.3 + 2.0 50.7 + 11.8° 3.5+ 6.2
A8 2B.9 * 2.3 2.5+ 2.9 7.4 &+ 6.5 1.3 2+ 2.3 38.7 + 3.9 5.1+ 4.1
19 13.9 1+ 5.5 6.9 + 8.5 5.2 2 5.0 2.9+ 6.9 40,6 £ 5.7 5.3+ 7.1
20 32.1 4+ 6.3 | 22.8 + o.4 8.8 & B.9 9.8 +11.1 6.9+ 9.6 ! 21.3 + 8.6
21 20,0+ £.1 9.9 + 5.4 10,5 + 3.7 2.7 &4 5.7 .6 + 6.8 4.6 4 %8
E 1.0+ 1.0 | 2,0+ &2 1.0 + 1.0 1.9+ 2.8 1.8 + 1.9 1.2+ 1.4
F 5.1 + 5.B 1.2 + 1.8 2,8 5.0 i.vs 1.0 6.8+ 8.5 1.0 + 1.0
22 (20,0 4+ 8,7 3.5+ 5.9 8.7 £ 6.5 2.3 2+ 4.9 1.8 » 5.1 2.3+ 2.7
23 £.5 + 5.1 9.1 + 5.8 2.5+ 3.7 5.5+ 8.4 2.3 3.7 3.7 & A%
20| 40,9+ 7.3 | 26.0 1 14,3 22,9: B.1 ] 183+ 7.6 | 16,62 4.5 | 30.0. 8B
25 €.3 + &.4 | 16,2 & 5.1 a3 3,8 | 11.9+ 5.8 2.7+ 3.9 | 12,7+ 3.5
26 10,7 =+ 7.6 6.7 + 3.6 5.8 + 5.9 3.3 + 4.4 5.3+ #.8 B3 2 BH
27 10.3 2+ 6.2 | 26.6 1 8.1 4,6+ 5.8 | 11.8+ 7.8 7.9+ 8.9 { 17.n &+ 9.5
G 3.2 2 3.9 1.7 = 2.5 1,9+ 3.5 1.0 1.0 1.8 + &.0 1.8 + 1.7
H 3.1 + 4.9 2.0 4+ 3.% 1.3+ 1.4 1.6 + 1.7 1.6 £ 1.7 1.5 2 1.9

# Iop transforomed date



Table 2: Distribuiion of faecal coliforms and evaluation of stations according to interim
criteria, FC/F$ ratio

Stetions Samples (%) exceeding limits of =

100 frecal coliforms/100 mi 1000 faecsl coliforms/100 al Ratio

Total Sunmer Total Summer FC/¥s
1 31.5 Bl 2.2 A.2 5.2
2 43.9 50.0 7.3 0.0 g 3.1
3 26.8 25.0 $.8 4.2 3.4
.4 29,2 33.3 4.9 4.2 2.3
5 28.9 21.7 S35 4.3 5.4
8 25.0 13.0 5,0 0.0 3.2
7 35.0 26.1 15.0 8.7 5.4
8 62.5 69.5 7.5 3.3 3.5
A 20.0 0.0 0.0 6.0 0.6
B 20.0 0.0 0.0 0.0 0,5
h g 4.2 2.7 Q.0 Q.0 0.6
10 0.0 0,0 0.0 0,0 &.7
1 8.3 15.8 0.0 0.0 1.5
12 /.2 7.7 £.0 G.0 2.3
13 N 0.0 0.0 a.o 0.0 u.8
1k Q.O 0.0 Q.0 0.0 0.5
15 0.0 0.0 ‘ 0.0 0.0 0.6
C 0.0 0.0 Q.0 G.0 G.7
bil 0.0 Q.0 0.0 0.0 G.6
16 %0.a 55.0 4.3 0.9 1.7
17 17.a 33.0 0.0 ¢.0 u.9
18 4.3 8.3 0.0 0.0 G.8
192 2,3 0.0 Q.0 .0 Q.7
20 4.3 B.3 5.3 0.9 2.0
21 Q.0 0.0 0.0 0.0 1.1
E 0.0 Q.0 0.0 0.0 1.0
? Q.0 ©.0 0.0 [ 4] 0.9
22 10.5 in.2 0,0 0.0 1.3
23 0.0 Q.4 0.0 n.0 1.4
28 26.3 36.48 0.0 0.0 1.8
25 5.3 0.0 0.0 0.0 1.6
26 v, 0.0 - 0.0 G.0 1.1

27 10.5 9.1 0.0 0.6 LB
¢ 0.0 g.0 0.0 i 7
H 0.0 Q.0 0.0 Q.0 G.9
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Participating Research Centre : Institute for Oceanography and Fisheries
SPLIT
Yugoslavia

Principal Investigator: 5. 50B0O7
Introduction:

The rather wide range of activities of the Institute for Oceanography and
Fisheries in Split covers research into the pollutien problem of the
coastal water of the central and southern parts of the Adriatic Sea., We
would like to report here on the two largest projects carried out recently:
"Protection of the Human Environment in the Yugoslav Adriatic Region" and
"Monitoring of Coastal Water Quality (Vir-Kenavle)",

Area(s) studied:

Under the MED VI] programme, the Institute for Dceanography and Fisheries
undertook the monitering studies in four areas (Zadar, Split, Ston and
Dubrovnik). As the quality of the coastal water itself was the object of
this programme, it wes carried cut in zones of intensive recreational
activities, extensive shipping traffic, discharges of waste waters and
shellfish-breeding areas. In most cases these zones are surrounded by
limestone mountains. The shoreline is mainly rocky and intensively used
for recreation. '

The Zadar (epproximately 50 000 inhabitants) and the Split areas
(approximately 200 000 inhabitants) are under the influence of industrial
and domestic weste waters, while the Dubrovnik area (approximately 40 00O
inhabitants) is more or less affected by domestic waste waters only. The
Stone area is slightly influenced by the M. Ston waste waters
(approximately 200 inhabitants). Ususlly the waste waters of these areas
are untreated before their discharge into the sea and they are taken out to
sea by submarine pipes to & greater or smaller distance from the coast.

The currents measured were fastest, for the most part, in winter periods
and slowest in spring summer periods. As to the layers, the currents were
found to be faster in bottom layers than in surface layers.

The Zadar area shows the widest annual range of temperature (12.26°C),
while the Dubrovnik area shows the narrowest range (9.17°C). In the
course of a yeaer variations of temperature are normal having minimal values
in winter periods and maximal ones in summer periods.

As to salinity, its narrowest range was observed in the Zadar area
{1.28°/,5)while other areass had a wider range: Dubrovnik

{5.12°/,4), Split (6.4°/,4) and Ston (108.71°/,,). For the most

part minimal salinity values were found in winter periods and maximal ones
in summer periods. The analysis of sediments showed that all bottom zones
consist of clayey and loamy sand.
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Due to the domestic waste waters in the Split area, the nutrient values are
somewhat higher, as well as the quantities of phytoplankton, and therefore
eutrophication is observed. The phytoplankton community was mainly
characterized by the prevalence of diatoms with relative abundance in the
limits from 59 to 83%.

Materials and methods used:

The methods recommended by MED VII were applied (operational document,
EHE/76.1, WHO, Geneva, project were applied (the operational document,
EHE/76.1, WHO, Geneva, 1976). Nutrients were measured by autoanalyser,
both salinity and temperature were determined by the conductivity method
and oxygen was determined by the standard Winkler method.

Results and their interpretation:
The following parameters have been monitored:

Total ceoliforms faecal coliforms faecal streptococci total heterctrophic
bacteria meteorological conditions hydrographic conditions dynamic
conditiens structure of sediment nutrients density of phytoplanktan visual
observatipn

The degree of pellutionm with regard to the bacteria varied a great deal in
different areas as well as in differeni seasons.

In the Zadar area, the town itself is being polluted heavily, especially
the town port (stations 2, 3, 4 and 5). Other zones in this area are in a
fairly good condition for the time being.

In Split, as well as in Zadar, the town itself is again heavily polluted
{town and port). Thus the adjacent recreational zones are being affected
by it {staticns 1, 3 and &4). Other zones are stiil suitable for
recreation.

The recreational zone in the Ston area {station 1) is under the slight
influence of faecal contaminated water (sea-side resort Klek-Neum).

The guality of the sea-water at the shellfish-breeding area is entirely
adequate for the purpose. The bacteriological analyses of shellfish have
confirmed this.

In the Dubrovnik area the influence of faecal contaminated water was
observed in the vicinity of the port of Gruz and the town port (stations 2
and 5). Other zones in this area are suitable for recreation.

The primary data of E. coli are classified according to winds (wind
direction in degrees). Their calculated mean and standard deviation are
tabulated in tables 1 and 2. For adequate statistical interpretaticn,
however, more observations (primary data) are needed.



- 604 —

Conclusions:

The results obtained so far indicate that all the analysed recreational
waters are within the accepted interim microbislogical quelity criteria,
but the sites near the harbour are to a certain degree affected by faecal
poilution. Thus some recreational zones near Split and Zadar are affected
by the faecal water from the town ports.

Qur suggestion for continuation of this work is to eliminate all parameters
not so relevant for this purpose. It is sufficient to monitor parameters
such as microbiological, metecrological and dynamic conditions.
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Table 1.8: TIndividual location tabulation of results (E. coli/100 ml) - ZADAR area '

Station ] Wind direction in degrees
0-90 50-180 180~270 270-360 no wind
1 2 3 0 11
1 0 17 ] 1
1 1
log X 0.151 0.159 0.410 0.521
log 5 0.213 0.276 0.710 ; 0.736
% 1.414 1.442 2.571 3.317
5 1.633 1.886 5,133 n 5.450
2 124 282 32 140 ' 94
- 608 : 15
40 550
100
log ¥ 2.209 1.963
log s 0.517 _ 0.782
x 161.828 91.833
E 3.289 ) 6.053
3 5 51 & 10 28
4 30
310 40
40 :
log X 1.718 1.5Q9
log s 0.566 0.082
% 52.201 32.285%
5 9.247 : 1.208
4 28 100 6 6 50
- 2 10
- 28 t 1
28 -
log % 1.299 0.900
log s 0.714 0.854
x 19.907 7.943
5 5.176 7.145
5 3 4 2 7 &
6 3
10 10
6
log X 0.790 0.623
log = 0.365 0.273
= 6.166 4.932
P 2.317 1.876
6 5 10 47 11 0
1 1
1 1
1
log % 0,250
log & 0.500
x 1.778
5 3.162
7 2 1 0 ) 2 2
o 0
) . " 5
6
log X 0.195 0.301
log & 0.389 . 0.301
% 1.565 - ‘ 1.999
s 2.649 1.999



Table:» lelative {freguencies (%) of the counts of {aecal coliforms listed in accordan
/

with interim criteria, i.e. less than 100 faecal eoliforms/100 ml and more

than 1000 faecal coliforms/100 ml

Siztions less than 100 - more than 1000
depth/m _ AN samples 2::;2:??;?1;) A1l samples ?aﬁssi?;;:)

1 81.8 80.0 0.0 0.0

2 77.8B 80.0 9.1 20.0

3 81.8  BD.O ' 9.1 20.0

4 - 80.0 80.0 0.0 0.0

5 45.4 - 40.0 36.4 20.0

6 100.0 100.0 0.0 0.0

7 Bg - 100.0 N 0.0 0.0

8 33.3 20.0 33.3 60.0

9 63.6 80.0 0.0 0.0
10 _ 100.0 = 100.0 0.0 0.0
11 100.0 - 0.0 . D.0 : 0.0
1% 90.9  100.0 oo - 0.0
13 300.0 . 100.0 . 0.0 b0
14 100.0 100.0 0.0 . 0.0
15 100.0 100.0 0.0 0.0
16 100.0 100.0 Y L 0.0
17 o 100.0 0.0 0.0
18 100.0 100.0 0.0 0.0
19 " 90.0 80.0 ' 0.0 0.0
20 100.0 100.0 0.0 0.0
21 100.0 100.0 0.0 . 0.0
22 50.0 . 20.0 0.0 . 0.0
23 90.9 100.0 0.0 0.0
24 n. d. n. d. 4 n. d. n. d.
25 100.0 100.0 0.0 : . 0.0
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Table:3 The correlation between total coliforms and {aecal coliforms {TC/FC,

and between faecal coliforms and faecal streptococei (FC/FS)

ctations  RaHO Ratic Siztions  Ratio Ratio
TC/FC  FC/FS depth/m _ TC/FC___ FC/FS
1 1.58 0.94 1/0.5 4.67 0.82
2 3.58 1.44 1/20 6.00 0.67
3 0.66 14.55 11/0.5 1.14 - 5.14
4 2.27 - 1.10 I/15 5.64  0.17
5 1.73 2.79 | II1/0.5 2.25 0.93
6 n.d. n.d. IIi/18 1.50 0.86
7 5.34 . 0.26 Iv/0.5  5.00  0.00
8 1.44 5.09 v/0.5 6.00  0.43.
9 1.58 2.63 V/20 8.00  0.0D
10 2.09 0.60 V1/0.5 2.71 0.37
11 4.26 1.15 VI/15 2.88 0.59
12 2.40 1.46 VI/0.5  35.64 0.33
13 7.59 1.98 x o R/0.5 | 5.89 2.73
14 . 48 - 300 D> 1.6 2.71
15 1.38 125 - D103 3.65 0.33 -
16 2.76 - 0.40 A/0.5 ¢ 2,48 2,36
17 2.55 0.10 A1/0.5°  1.51 2.62
18 0.90 1.41 A2/0.5 1.97 1.59
19 1.49 1.80 A2/5 "1.66  1.46
20 2.60 1.61 - A3/0.5 - 2.70 1.25
21 1.69 - 1.42 A3/10 2.61 3.24
22 2.63  2.44 C/0.5 1.38 2.62
23 1.54 10.37 _ c/10 400  0.21
24 n.d. “n.d. c/20 2.63 3.97
25 1.50 1.85 E/0.5° . 2.03  0.90
26 5.46 4.16 "E/10 2.27 2.88
27 8.39 1.64 F/0.5 7.39  2.90
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Table 1.b: Individual location tzbulation of results (E. coli/100 ml) — SPLIT azg\‘
Station } Wind direction in degrees
. 0-%0 - 90-180 180-270 270-360 no wind
1 6 38 L0
B0 0 0.
0 130 26
14
log % 0.894 1.210 1.007
log & 0,957 0.899 0.8B76
: x 7. 830 16.217 10.132
5 9.053 7.916 7.515
2 64 780 5
820 20 10
33 290 104
- 332
log 2.080 2.294 1.239
log s 0.938 0.698 0.691
b4 120.08% 195,863 17.325
X, 8.672 T 4.BBS 4.905
3 6 74 10
380 10 18
10 38 2
2
log % 1.453 1.188 0.852
log & 0.982 0.693 0.494
alfx 28.355 15.350 7.114
= 9.603 4.927 3.119
i 2’ 5 2z
48 26 11
13 55 0.
- © 31 i
log £ 1.032 1.334 - 0,447
log = 0.67% 0. &E5 0.536
% 10.766 21.559 z.802
s 4772 2.784 53.435
5 6 4 - 20
5 23 7
10 32 [
238
log X 0.911 1.461 0.715
log = 0.117 . 0.728 0.660
. 8.143 28.932 5.192
5 1.310 5.340 4.572
6 33 4 20 45 22
4" 2
64 1
6
log % 1.003 0.605
log & 0.6%5 0.465
S 10.079 4,031
5 £.957 2.919
7 687 g 52 22 40
5 21
6 22
10 :
log X 0.E810 1.317
log s 0.131 0.247
% 6.463 20.734
5 1.351 1.764
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Table 1.c: Individual location tsbulation of resules {E. cé1i:100 ml) ~ STON ares
Station I Wind direction in degrees
0-30 ¢ 90-180 - 180-270 270-360 po wind
1 20 13 18 [a] o)
2 2z
4
0
0]
log % 0,801 0.432
log = 0.707 0.524
X 6.325 2.702
£ 5.095 3.340
2 0 1] 1 0 [}
0 o
o]
o]
| 1
i
3 /] Q 4] ] 1
2] (3]
0
1
2
log © 0. 060
log ® 0,135
X 1.149
5 1.363
4 o o 5 * 1 a
o o
4]
5 0
0
log T 0.140
log = 0.313
X 1.380
[ 2.054
5 o 0 2 9 [}
1] V]
[v]
4]
[}
log = 0.060
log = 0.135
X 1.14%9
& 1.363
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Table 1.d: Individual location rabulation of results (E. e0li/100 ml) — DUBROVNIK avea
SEETIER Wind direction in degrees
o-50 90-180 180-270 270-360 no wind
1 [a] 0 b1 2 z
4] 2 4B
14
7
log % 0.573 ' 0,993
log =8 1 0.518 0.976
x .3.742 9.798
B 3.296 9.461
z 88 5 108 55 ]
36 30 450
iB
37
log % 1.750 1.250 f 1.716
log s 0.274 0.390 S 1.356
X 36.285 17.778 51.962
& 1.881 2.455 £ 21.177
3 2 [¢] 13 2 2
3 [ 1
2z
1
log X 0.389 0.075 0.151
log = 0.135 0.151 0.213
x 2.449 1.189 1.414
S 1.332 1.415 1.633
[ 1 2 100 z [y
15 14 ‘1
o]
2 B
log £ 0.588 0.437 €.801
1o s 0.832 0.494 1.133
2 3.873 2.736 6.325
5 6.786 3.116 13.578
5 1 & 146 14 250
a9 66 22
60
1
log X 0.756 1.094 1.870
log =8 1.123 0.874 0.746
x G.245 12.415 74.162
s 13.337 7.480 5.577
6 0 0 115 48 7
14 30 7
5
1
log % 0.573 0.544 0.845
log = 0.810 0.704 0.000
% 3,742 3.500 . 7.000
8 6.463 5.056 0.000
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Ieble 2.a: Mean values and standard deviations (MF/100 ml) for E. eoli — ZADAR area
Starion Wind direction in degrees
’ 0-90 90-180 180-270 270-360 no wind
1 x 1.414 1.442 2.571 3.317
5 1.633 1.886 5.133 5,450
2 F3 161.828 21.833
-] 3.289 6.053
3 x 52.201 32.285
] 9.247 1.208
& X 19.907 7.943
3 5.178 7.145
5 % 6.166 4.932
s 2.317 1.876
[ X 1.778
B 3.162
7 X 1.5485 1.%99
5 2.449 1.999
Table 2.b: Hean values and standard deviations (MF/100 ml) for E, coli - SPLIT area
Station . Wind direction in degrees
050 4 S0-1B0 180-~270 270-360 no wipd
i = - 7.830 16.217 10,132
. & 9,053 7.916 7.515
i X - 120.089 196.863 17.325
s B.672 4,885 4,905
3 x 28,335 15.340 7.114
[ 2.603 4,927 3.11%9
] X 1G.766 21.599 . 2.802
8 5,772 2.784 3.435
5 X B8.143 28.932 5.1%2
[ 1.310 5.340 4.572
b X 10.079 4.031
5 4.957 2.919
7 F 6.463 29.73&
s 1.351 1.764




+sble ?.c: Mesn velues and standard deviations (MF/100 m1) for E. coli — STOR aree

--bl4 -

. Wind directlon in degrees
Sration . 7
0-90 50-180 180-270 270360 . o wind
1 5 £.325 2.702
s 5.095 3.340
2
3 ¥ 1,149
% 1.363
& x ] 1.380 &
5 . 2.056 £
5 X 4 1.1L49
& 1.363 .
Teble 2.4: Mean valnes apnd standard deviations {MF/100 ml} for E. coli — DUBROVHIK area
Station Wind direction in degrees
0-90 90-180 I 180-270 270-360 00 wind
1 = 3.742 9.758
E 3.296 5,461
2 E3 36.285 ©17.778 51.962
& 1.881 { - 2.455 21,177
3 %  2.549 1.189 ] 1,414
& 1.332 1.415 4 1.633
& i = 3.873 2.736 ] £.325
5 6.786 3.116 13.578
1 s b4 6.255 12.415 74.162
s 13.337- | 7.480 5.577
6 % 3.762° 3.500 7.000
s 6.463 - 5.056 0.000
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Centre de Recherche participant: C(Centre des Faibles Radioactivitss
Laboratoire mixte CNRS-CEA
GIF-SUR-YVETTE
france

Chercheur principal: R. CHESSELET

Introduction

Les études ici présentées sur le contenu en métaux des aérosols et des
particules en suspension ont été entreprises pour déterminer le rdle de la
matiére particulaire dans le transport des métaux vers les océans et &
1'intérieur de ces eaux. Ces études sont complémentaires au travail
exécuté par le Laboratoire AIEA 3 Monaco, dont le compte rendu se trouve
dans ure autre partie de ce rapport.

Zones étudides

A. Zone comprise entre Nice {(France) et Calvi - Carte des stations pour
1'étude des particules marines - (carte 1).

B. Zone d'étude de la chimie ces adrosols maring,
Carte no. 2.

Methodologie*
Etude des particules marines.

L'eau de mer, prélevée & différentes profondeurs & l'aide de bouteilles
Niskin PVC (30 1) est Filtrée sur des membranes nuclépores de porosité 0,4
um, qui collectent plus de 95% de la matiére en suspension. Al, Fe, Cu,
Pb, Zn, €d, As sont dosés par spectrométrie d'absorption atomique sans
flammer par voie électro- thermigue.

Etude des prélévements atmosphériques

Les aérosols marins sont collectés par filtration d'air sur papier filtre
Whatman de diameétre 7 cm. Ce type de filtre est choisi en raisen de sa
grande efficacité de filtration (> 99%) et de sa faible teneur en impureté
chimigue. La méthode d'analyse est la méme que celle utilisde pour les
particules marines.,

Méthodologie analytigue

Le dosage des métaux (Cu, Pb, In, Fe, Al, Cd, As) nécessite une
solubilisation préalable des particules recuesillies sur filtre par une
attaque dite "3 la bombe". Ensuite les métaux, en Taison de leur tres
faible concentration sont dosés par une méthode de trés haute sensibilites

* Les méthods de prélavement et d'analyse sont les mémes que celles utilisdes

dans l'Atlantigue, en prenant des précautions extremes contre les contaminations
accidenteiles (Annexe 1),
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et qui autorise le micro-échantillonnage : il s'agit de la spectrométrie
d'absorption atomique par voie €lectro~thermigque. Au tahleau 1 sont
présentées des caractéristiques essentielles de cette méthode analytique
appliquée au dosage du Cu, Pb, Cd, As, Zn, Fe, Al, dans les particules en
suspension dans 1'océan.

Afin de s'assurer de la fiabilité de nos dosages, de nombreux contrales de
la justesse ont été effectués a l'aide de standards de référence du N.B.S.,
de la méthode des ajouts dosés et par une autre méthode lorsgue cela édtait
possible (activation neutronique pour Al, Fe, Zn, As, dilution isotopigue
pour Pb, méthode des hydrures pour As).

Resultats et interpretation
Chimie des particules marines

Les concentrations des éléments Al, Fe, Cn, Pb, ZIn, Cd, As sont donndes aux
tableaux

Discussion

Les concentrations de Matiére Totale Particulaire collectée sont d'enviran
10 ug/l, elles sont trés voisines des concentrations de matidre totale en
suspension que nous abservons dans 1'Atlaptigue et le Pacifigue.

Les concentrations de Al, élément qui peut 8tre considéré comme indicateur
des concentrations des alumino-silicates (1-2-3-4-6) sont du méme ordre de
grandeur quelle que soit la station {Al = 100 ng/l). Cette concentration
est trés proche de la concentration d'Al mesurée sur 1l'ensemble des
prélévements GEOSECS dans 1'Atlantique et le Pacifigue. Il a été montré
gue pour ces deux océans les concentrations en Al sont en partie gouvernées
par un flux atmosphérique d'origine continentale.

Bien que 1l'on observe un certain gradient des concentrations moyennes pour
les métaux trace étudiés entre la station proche de la cdte du Sud de la
France (Station 1) et la Station 3, les valeurs moyennes des concentrations
de ces éléments sont trés voisines des concentrations moyennes de ces
éléments & l'échelle de 1'Atlantique et du Pacifique.

Un certain nombre d'échantillons ont été pris & des profondeurs gquasiment
identiques et d'autre part certains filtres proviennent d'échantillons
provenant d'une méme bouteille., Cette étude a été faite dans le but
d'étudier la variabilité des concentrations.

La variabilité que nous constatons ici (tableaux 1-2-3) est d'un facteur
Z.4 moyenne : variabilité qui est exactement semblable & celle observée
sur 500 échantillons dans le programme C.F.R.-GE 0 S EC §.

Cette variabilité ne peut pas &tre prise comme une indication d'une
contamination accidentelle ou d'une erreur d'analyse.

Guand on considere les moyennes observées pour chague station et pour
chacun des éléments (Al-Fe-Cu-Pb-Zn-Cd) on aobserve une diminution de la
cBte vers le large {de la station 1 vers la station 3).
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Ce gradient suggére l'existence d'un effet 1ié 3 la proximité du talus
continental. Cet effet se superposerait & 1'apport atmosphérique et les
résultats seront discutés dans la section suivante.

Les figures 1, 2, 3, &4 donnent les concentrations en fonciion de la
profondeur. 0On constate que la variabilité dont nous avons fait état au
paragraphe 3 se retrouve & toutes les profondeurs et aux trois stations.
D'autre part, on n'observe aucun accroissement ou diminution marqué avec la
profondeur, ce gqui suggére gue nous nous trouvons en présence de particules
marines appartenant su "bruit de fond" particulaire de 1l'océan. Cette
donnée est en accord avec celle qui a été établie & 1'échelle de 1'océan au
cours du programme GEOSECS. 11 semble que pour le Pb, on observe & la
station 1, dans les eaux de surface, une trés grande concentration qui
pourrait avoir pour origine 1'influence de la pollution locale.

Discussion des Facteurs d'Enrichissement

Il est d'usage afin de permettre des comparaisons d'exprimer les
concentrations en éléments-~traces dans la matiére particulaire, que ce soit
sous forme de particules marines ou d'aérosvls, sous forme de Facteurs
d'Enrichissement.

Nous avons adopté ici le mode de calecul généralement admis :

Nous comparons les abondances relatives <o ces éléments & leur abondance
relative moyenne de la crofite terrestre, en prenant 1'aluminium comme
élément de référence. On obtient ainsi pour chague élément un Facteur
d'Enrichissement :

X/A1)
F = o WAL particule

Ecrodt ( X/81) crofte

Les Facteurs d'Enrichissement en fe, Cu, Pb, Cd, Zn ainsi calculés sont
donnés dans les figures 5-6.

On constate que les f ainsi calculés sont trop élevés (> 10) pour

que les concentrations des meétaux en traces (Cu, Pb, 8s, Cd, Zn) puissent
étre expliguées par leurs abondances maoyennzs dans les particules d'origine
détritique continentale.

Dans les figures 5-6 on a fait figurer les veleurs moyennes de
1'enrichissement dans les particules de 1'Atlantique Nord (4-2).

La comparaison qul est alors possible montre que les £ sont trés
proches de ceux observés pour l'Atlantique (7). Pour des raisaons de
ommodité sur les figures 5-6 n'cnt pas été figurées les fourchettes des
g observés dans l'Atlantigue. Il n'en demeure pas moins gque pour
le Fe, le Cu et le Pb ces Enrichissements ont tendznce & &tre supérieurs en
Méditerranée dans la région étudiée, & ceux observés dans l'Atlantique.



- 620 ~
Discussion de l'origine de 1l'enrichissement

Etant admis qu'il a été démontré a 1'échelle de 1'Atlantique que l'apport
atmosphérique exerce un certain controle sur la chimie des particules
marines, on peut tenter de calculer de la méme fagon que l'on a opéré dans
1'Atlantique le flux des particules en suspension dans l'étude présentée
ici et comparer les valeurs de ces flux & ceux qui ont été présentés pour
1*Atlantique Nord. Cette comparaison figure au tableau 5. Pour caleculer
ces flux on a utilisé une vitesse de chute des particules de 80 m/an,
fondée sur la distribution des tailles des particules observées dans
1'Atlantique, & partir de comparaisons de mesures effectuées au
Coulter-Counter entre la Méditerranée et 1'Atlantique. Il semble gqu'il n'y
ait pas de différence dans les distributions de taille entre les particules
de Méditerranée et d'Atlantigue. 0On peut donc considérer cette vitesse de
chute comme valable pour le site de la Méditerranée. 11 nous parait
significatif & l'examen du tableau 5 gque les flux calculés en Méditerranée
au cours de cette étude soient 2-3 fois supérieurs & ceux de 1'Atlantique
Nord alors que le flux d'Al est pratiguement identigue.

Cette valeur du flux des éléments-traces comprenant la famille des métaux
lourds en Méditerranée peut étre considérée comme une premiére indication
de 1'influence de la pollution sur la chimie des particules marines. 11
faut cependant rappeler ici gque nous avons pu montrer gue les flux
d'origine volcanique pouvaient entrer en compétition avec les flux
anthropogéniques (5). La deuxitme partie de 1'étude portant sur la chimie
de 1'aéroscl marin devrait permettre de répondre & la question soulevée
dans la premiére partie de cette étude.

Une étude limitée de la chimie des particules en Méditesrranée démontre
l'existence d'anomalies (enrichissements) dans la chimie des métaux Cu, Pb,
Cd, Zn et peut-étre Fe, associés 3 la matiére particulaire en suspension.
Cependant les concentrations et les Enrichissements observées sont du méme
ordre de grandeur que ceux qui ont été observés & grande échelle dans
1'Atlantique et le Pacifique, il semble donce que la chimie des métaux en
traces dans la Méditerranée obéisse & des lois identique & celles qui
régissent leur chimie & 1'échelle de l'océan global.
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Participating Research Centrs: Nuclear Research Center "Demokritos",
Department of Chemistry
Muclear and Radiochemical Analysis Laboratory
ATHENS
Greecs

Principal Investigator: C. PAPADOPOULOU

Introduction:

In our laboratory studies of trace elements in the marine environment have
been initiated in 1963. Since then 20 papers have been published on this
subject.

The project "Biogeochemical studies of selected pollutants in the agpen
waters of the Mgditerranean" had two aims:

(a) The determination of Vanadium, Arsenic and other trace elements which
are potential pollutants in organisms of well defined foodchains in
order to acquire information on present levels of these elements and
their possible biomagnification through foodchains.

(b) The determination of trace elements in particulate products of
zooplankton in order to estimate the role af pelagic organisms in
vertical transport of these elements.

Area(s) studied:

Scomber japonicus culias specimens were collected from the ares South aof
Andros island on 30 August 1977. Specimens of Trachurus mediterraneus

were collected South of Karystos, Evia island, on 22 August 1977 and
Skiathos Island on 28 September 1977. Plankton samples were also collected

from Skiathos island simultaneously with the Irachurus m. specimens {see
attached map).

All three areas are typically oljgotrophic areas of the Aegean Sea with
salinities ranging from about 37.4 / to 39.2 / and
temperatures from about 14.2°C to 25.6°C.

In order to compare the levels of trace elements in marine organisms,
sampling was performed in two areas: the Aegean Sea, a relative

unprocductive region of the Mediterranean and the more productive western
Mediterranean.

Qur laboratory has collaborated in this project with the International
Laboratory of Marine Radiocactivity in:

(a) Analyzing samples from the western Mediterranean. The following
determinations have been performed: for Zn, Co, s, Se, Rb,
38 samples; for As 28; for V 44; for Ag 20; for Sc and Sb 11; for
Cr 4 and for Fe 3. Dr. C. Papadopoulou and D. Zafiropgulos have

also participated in the "Hayes" cruise from Pirseus to Corsica
(June 1977).
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{p) Sampling and analyzing plankton and fish from the Aegean Sea. The
pelagic foodchain: plankton collected with nets of different mesh
size, and the pelagic fish Trachurus mediterraneus as well as
Scomber japonicus celiag were sampled and determimation of As, V,
Se; Co, Cs, Zn and Rh was performed.

Material and methods:

Neutron Activation Analysis was used for the determinmation of all krace
elements studied.

Results and their interpretation:

Arsenic and VYanadium concentrations in the flesh and liver of Trachurus m.
are shown in table 1. Arsenic values in the flesh of Trachurus m. ranged
from 3.9 ta 9.2 ug/g whereas a composite liver sample was found to have
14.1 ug/g. There is a considerable variation (standard deviation 30 per
cent) of As concentrations due to individual differences between specimens.
Arsenic concentrations are higher in fish collected from Skiathes Island
(74 ug/g) than in fish collected from Karystos (3.5 ug/g).

Vanadium concentrations in the flesh of Trachurus m. ranged from 0.071 to
G.15 ug/g. Individual variation is also considerable (28 per cent S.D.).
Coccentrations of As and V in the flesh and liver of Scomber j.c. are shown
in table 2. Mean As values are 8 and 15 ug/g in the flesh and liver of

Scomber "j.c. respectively. Individual variation is somewhat lower (25 per
cent S5.D.).

Yanadium mean values are 0.014 and 0.024 ug/g in the flesh and liver of
Scomber j.c. respectively. Individual variation is quite high (47 per cent
$.D.). Cocnentrations of Zine, Co, Se, C= and Rb in the flesh and liver of
Trachurus m. are shown in table 3. Mean values for the flesh aof Skiathos
specimens are: Zn 19 ug/g, Co 0.030 ug/g, Se 2.9 ug/g, Cs 0.067 ug/g and
Rb 0.032 ug/g. For Karystos specimens mean values are: Zn 29 ug/g, Co
0.027 uva/g, Se 2.1 ug/g, Cs 0.027 ug/g and Rb 0.024 ug/g.

In and Co concentrations show a quite high individual variation (50 per cent
5.D.) whereas Se, Cs and Rb show somewhat lower individual variation (25 per
cent, 20 per cent and 16 per cent respectively).

Specimens caught from Karystos have similar concentrations of Co and Se,
slightly higher concentrations of Zn and lawer concentrations of s and Rb.

Table 4 shows concentrations of In, Co, Se, Cs and Rb in the flesh of

scomber j.c. Mean values are: IN 24 ug/g, Co 0.027 ug/q, Se 3.0 ug/g,
Cs 0.041 ug/g and Rb 0.23 ug/g. Individual variation for Zn and Co is

25 per cent S.D., for Se 27 per cent, Cs 12 per cent and Rb 35 per cent §.D.

Concentrations of As, Zn, Co, Se, Cs and Rb in the flesh of Scomber TriCls
compare very well with thase in Trachurus m. whereas V values far

frachurus m. are one order of magnitude higher than those of Scomber oL

Se and Cs concentrations in the liver of Scomber j.c. are comparable o
those found in the liver af Trachurus m. whereas Zn and Co values are two
times higher in Trachurus m. (table 5}.
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Rb values are higher for the liver of Trachurus m. than for liver of
Scomber j.c. (mean of 3 specimens 0.19 ug/g).

As, Zn, Co and Se accumulates preferably in the liver of both fish species.
Cs and Rb concentrations are about the same in flesh and liver.

Concentrations of As, Zn, Co, Se, Cs, Rb and V in plankton and Trachurus m.
are shown in table 6.

Assuming that the plankton samples of different sizes and Irachurus m.
represent different levels of a foodchain, no trend of "foodchain magnificatien"
can be observed.

As, Zn, Cs and V concentrations decrease in higher food level, whereas Se
concentrations are constant and Co shows no trend at all.

Conclusions:

Arsenic concentrations found in Scomber j.c. and frachurus m. are in relatively
good agreement with those reported in Pagellus Erythrinus, Gobius niger and
sarqus_anndlaris from both polluted and non-polluted waters of the Aegean Sea.

Zn, Ca, Se and Cs concentrations in the flesh and liver of the two fish studied
are also in good agreement, Comparing values found in this study with values
obtained from previous work of our Laboratory for Pagellus erythrinus, Sargus
annularis, Gobius niger and Mullus barbatus, and taking into consideration

the differences in ecology and feeding habits wer can observe that differences
in concentrations are relatively small.

Single specimen analysis is indispensable in trace element analysis of fish
for a statistical treatment of results. Variations between specimens of the
same species from the same station were found to range from 8 up to 50 per
cent {standard deviation of the mean).

The absence of "foodchain magnification” is not surprising. In fact Zn shows
a decrease of one order to magnitude and V an increase of two orders of
magnitude with increasing food level. The hypothesis of foodchain
magnification is based on the theory of foodchain. It is clear that defining
a pelagic foodchain is very complex and difficult. Stomach asnalysis of the
Trachurus m. specimens caught from Skiathos Island showed that their food
consisted of gastripod, decapod and ostracod larvae and copepeds. The

presence of fish scales also indicated that Trachurus m. were also feeding
on small clupeids,

To the best of aur knowledge data concerning V concentrations in fish From
the Aegean Sea were non-existent up to now, There is a need of a more

extensive study of V levels in various fish species, and from different sea
areas,
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TABLE 1

Arsenic and Vanadium concentrations in Trachurus mediterraneus (ug/g, dry)

SAMPLE As(1) v(2)
Skiathos
Island
(flesh)
1 4.0 0.11 +0.01
2z 8.7 0.083+0.008
3 6.0 | 0.15 +0.01
4 92 0.071+0.009
5 gLy - 0.069+0.008
7 5.0 0.074+0.007
10 FeZ 0.120-+0.009
13 6.7 0.089+0.008
14 8.1 0.086+0.007
Mean T+2 0.095+0.027
Liver 14.1(3) -
Karystos
1 B3 =
2 Bl N
3 3.6 -
Mean 3.5+0.4 =

(1) Analytical standard deviations for As are up toc 10 per cent
(2) & Overall standard error of the counting technique
{3) Composite from 14 specimens
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TABLE 2

Arsenic and Vanadium concentrations in Scomber japonicus colias from
Andros island (ug/g dry)

As(1) v(2)
SAMPLE Flesh Liver Flesh Liver
5 4.4 15.1 - =
6 6.4 14.3 <0.01 -
7 il.4 25.5 <0.007 -
8 6.8 14.3 0.014+0.006 -
9 - - b.Dll:D.DDé -
24 9.2 Bt 0.018+0.005 0.020+0.002
26 - - 0.013+0.005 -
27 9.6 13.5 - =
28 8.8 13.6 <0.007 -
29 7.3 Al <0.008 -
30 9.7 . 13.2 - 0.028+0.008
Mean 8+2 15.+4 - 0.014+0.003 0.024

(1) Analytical standard deviations for As are up to 10 per cent
(2) + Overall standard error of the counting technique
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TABLE 3
Trace element coneentrations in Trachurus mediterraneus (ug/g dry+ standard deviation)
SAMPLE Zn Co Se Cs Rb
Skiathas
(flesh)
1 20+0.8 0.030+0.003 1.8+0.1 0.066+0.066 0.35+0.07
2 25+C.9 9.026+0.002 4.2+0.2 0.077+0.005 0.28+0.05
3 27+1.0 0.042-+0.003 2.2+0.1 0.019+0.005 0.34+0.06
4 42+1.5 0.037+0.003 3.8+0.2 0.073+0.006 0.25+0.06
5 22+0.8 0.019+0.002 2.840.1 0.081+0.005 0.29+0.04
4 2340.9 0.020+0.002 3.5+0.2 0.086+0.006 0.37+0.05
7 20+0.7 0.022+0.002 2.6+0.1 0.066+0.004 0.33+0.04
8 9+1.5 0.024+0.002 2.7+0.1 0.060+0.004 0.26+0.03
9 5+1.4 0.031+0.002 3.1+0.1 0.069+0.004 0.38+0.04
10 10+1.7 0.028+0.002 2.540.1 0.071+0.004 0.26+0.03
11 11+2.0 0.024+0.002 2.0+0.1 0.057+0.004 0.32:0.0&
12 14+2.1 0.056+0.003 2.5+0.1 0.066+0.004 0.40+0.05
13 20+2.1 8.069+0.003 3.3+0.1 0.061+0.004 C.35+0.04
14 16+2.0 0.040+0.002 2.4+0.1 0.042+0.003 0.35+0.03
Mean 19+9 0.030+0.014 2.9+0.7 0.067+0.012 0.39+0.05
Liver 154+5.0 0.75+0.03 3b+1.3 0.048+0.003 3.38+0.08
Karystos
(flesh)
2 22+1.6 0.030+0.009 2.7+0.1 0.035+0.003 -
3 3l+l.0 0.020+0.001 1.5+0.1 0.021+0.0601 0.19+0.02
4 34+1.2 0.030+0.002 2.1+0.1 0.024+0.002 0.28+0.02
Mean 29+5 0.027+0.006 2.14G.6 G.027+0.007 0.94+0.05



Trace elements in the flesh of Scober japonicus colias from
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TABLE 4

Andros (ug/g, dry+ standard deviation)

SAMPLE In Co Se Cs Rb
5 11+0. 0.014+0.002 2.2+0.1 0.037+0.003 .25+0.04
6 28+1. 0.024+0.003 2.840.1 0.045+0.004 .18+0.05
7 23+1. 0.024+0.002 2.540.1 0.031+0.003 .28+0.04
B 25+1. 0.034+0.003 2.4+0.1 0.046+0.003 .26+0.04
& 21+1 0.027+0.003 2.3+0.1 0.035+0.003 .26+0.05
10 20+0. 0.032+0.003 3.1+0.1 0.041+0.004 .26+0.05
264 39+1. 0.022+0.003 2.1+0.1 0.036+0.004 .2540.05
26 22+41. 0.035+0.004 4.2+1.0 0.036+0.003 -
27 20+1. 0.034+0.0048 4.3+1.0 0.039+0.003 .16+0.06
28 26+1. 0.018+0.003 3.1+0.7 0.039+0.003 .10+0.05
29 25+1, 0.027+0.003 3.7+0.9 0.046+0.003 .22+0.06
30 26+1. 0.027+0.003 3.8+0.9 0.041+0.002 -31+0.06
Mean 28+6 0.027+0.007 3.0+0.8 0.041+0.085 .23+0.08
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TABLE 5

Trace element concentrations in the liver of Scober japonicus colias from
Andros (ug/g, dry+ standard deviation)

SAMPLE n Co Se Cs
5 66+2 6.17+0.01 30+1.1 0.020+0.004
6 7743 0.26+0.01 | 32+1.2 0.026+0.004
7 97+3 0.28+0.01 36+1.3 0.038+0.004
8 86+3 0.40+0.02 3341.2 0.020+0.008
g 853 0.34+0.02 25+1.0 6.032+0.004
10 9143 0.29+0.02 45+2.0 0.024+0.005
24 983 0.36+0.02 3342.1 0.031+0.004
25 97+5 D.61+0.07 56+2.7 0.070+0.010
26 89+6 0.42+0.05 43+2.0 0.047+0.008
27 87+6 0.46+0.05 4542.2 0.058+0.009
28 B4+6 0.23+0.04 31+1.5 0.055+0.009
29 10346 0.58+0.06 5042.5  0.060+5.018
30 9146 0.49+0.0S 46+2.3 0.040+0.005

Mean 89+9.7 0.38+0.12 3949 0.040+0.017
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TABLE &

Trace element concentrations in plankton and Trachurus mediterransus
(ug/g, dry+ standard deviation)

(Flesh) (1)

SAMPLE As(2) Zn Co Se Cs Rb V({3)

60u net 18 - - - - - -
sample

250u net 18 162+5 0.060+0.002 2.0+0.3 0.99+0.035 0.32+0.08 11.140.4
sample

600u net 7.7 119+4 0.36+0.014 2.2+0.3 0.,37+0.013 - 4.6+0.2
sample N

Euphasisa 5.4 7743 0.17+0.07 1.840.3 0.5540.020 0.17+0.05 1.62+0.03

kronii

Trachurus m. 7+2 19+3  0.030+0.014 2.9+40.7 0.067+40.012 0.32+0.05 0.095+0.02

(1) For Zn, Co, Se, Cs and Rb mean of 14 specimens analyzed, far As and V mean of

9 specimens
(2) Analytical standard deviations for As are up to 10 per cent
{3) Overall standard error of the counting technique
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Participating Research Centre: Department of Physiclogy and Biochemistry
The 0ld University
MSIDA
Malta

Principal Investigator: J. V. BANNISTER

Area(s) studied:

Mullets of the species (Mugil cephalus) were obtaaned from the caoast
around Malta.

Material and methods:

Species of about 120 mm length were caught live by means of nets and were
acclimated for two months in a large tank filled with continuously running
sea water. The fish were fed pelleted food containing 80 per cent pratein.

After the acclimation period species were placed in tanks contaminated with
0.5 ppb or 1.0 ppb chlorinated hydrocarbons. The contaminants used were
DDt, Aldrinm and PCB. The chlorinated hydrocarbons were obtained from
Analabs Inc. Species were contaminated with either of these chlorinated
hydrocarbans,

At the end of the contaminstion period, the contaminated mullets were
disected and pocled samples of brain, kidney, eyes, heart, liver, gills,
skin, stomach, red and white muscle were obtained. The deposition of
chlorinated hydrocarbons in these tissues was estimated according to the
following procedure.

The combined organs were weighed and homcgenised in a 10 per cent mixture

of petroleum ether with a Kolbe homogeniser. The petroleum ether solution
was concentrated to 20 ml by rotary evaporation. This solution was
extracted thrice with 10 ml acetonitrile previously saturated with hexane,
The three fractions of acetonitrile extracts were combined and diluted

with 250 ml of 10 per cent sodium chloride solution previously depleted

of any contaminants with hexane. The agueous acetonitrile solution was
extracted thrice with 50 ml of n-hexane., The three fractions were combined
and concentrated by rotary evaporation {temperature 50°C) up to 5-10 ml and
NaZSU solid added. The solution was now ready for Florisil treatment. The
purification for elusion was done on a small column, filled with dried
Florisil activated at 130°C overnight (Dimensions of the column = internal
diameter 8 mm filled up to 5-7 cm, elutant n-hexane 20-25 ml). The solution
was concentrated to 2-3 ml.

The separation of PCB from other chlorinated hydrocarbons was carried out
on silica gel. The silica gel is heated to 200°C overnight. The internal
column diameter is 10 mm, and the column was filled up to 20 cm. After
having introduced the concentrated solution, the PCB is first eluted with
40-50 ml of n-hexane. ODDT and the other hydrocarbons were afterwards
collected with 40-50 ml of benzene. The hexane and benzene solutions were
concentrated to a constant volume (2-5 ml) for analysis.



and their intsrpretation:

Festicide levels are to be measured by an instrument which detects both
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Participating Research Centre: Internaticnal Laboratory of Marine Radicactivity -
- IAEA

MONACO VILLE
Monaco

Principal Investigator: D. ELDER/S. W. FOWLER/R. FUKAL

Introduction

The overall philosophy of MED VIII has been twofold. First, to gather as
much information as possible on inputs, levels and fluxes of pollutants in
all major components of the open Mediterranean in order that a general
model of the biogeochemical cycles of these substances can be elaborated.
Second, these data are intended to supplement and enhance those presently
being gathered on levels in selected marine species in the coastal areas.

The marine biogeochemical cycle of a given pollutant can be conceptualized
as outlined diagramatically in figure 1.

The approach used in MED VIII has been to measure a suite of heavy metals
and organochlorine compounds in the prime components shown in figure 1.

Baseline measurements were made on samples collected during five
aceanographic cruises during the period 1977-1979. In addition,
determination of trace elements in marine aerosols and particulate matter
in sea water were carried out by the Centre des Faibles Radioactivités,
CNRS, France.

The biokinetic behaviour of arsenic, vanadium, nickel and PCBs in various
marine organisms was examined in order to gain information on the fluxes of
these substances once they enter biological cycles,

Vertical flux studies of pallutants were undertaken by utilizing both

in situ measurements and analyses of freshly-produced biogenic particulates
which account for a large fraction of the particulates trapped at depth
using sediment traps.

Heavy metals in sea water and sediments

The results of the measurements of heavy metals on open Mediterranean
surface waters are summarized in table 1.

Since far more than half of the samples were below the detection limit for
Cu measurements and approximately half of those were below the detection
limit for Cd measurements, the average values for these metals represent
only the upper limits of the average concentrations. In these cases
comparisons between different zones in the Mediterranean are less
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meaningful. However, the grand averages for the Mediterranean of these
metals, <0.33 ug/l for Cu and <0,13 ug/l for Cd, appear toc be similar to
the values given for occeanic waters by other investigators im this field.
There was no correlation between the appearance of high Cu values and high
Co values.

The average concentration of In tends teo differ from one zone to an
values are higher in the northwestern Mediterranean and Aegean basin

assocliated uncertainties. The grang average for the Mediterranean
tends to be lower than the values given in the references cited sbove.

The zonal differences in the distribution of Hg are not clear from the
average concentrations presented in table 1 due to large associated
uncertainties. It appears, however, that average concentrations are lower
in the southwestern Mediterranean and south Levantine basins. The grand
average of Hg is lower than the values given in some references for the
Atlantic and Pacific by various investigators, but similar to or slightly
higher thanm those given by others. Our values are definitely higher than
those reported for the western Pacific by Investigators in Jszpan.

The vertical distribution of selected trace metals in off-shore sediments
was studied in two core samples taken in 1978 from 500 m and 1000 m depth
aff Villefranche. Selected trace metals such as Mn, Cu, In, Pb, estc. ware
measured in several vertical sections of each core. For the Ph
measurements various pretreatment procedures were applied to differentiate
between the ¢ifferent chemieal forms of Pb so that total ocrganic Pb, alkyl
Pb, etc. could be distinguished. The vertical distributicn of these
different chemical forms of Pb within the cores indicates that Pb in the
upper parts of the sediment cores is introduced anthropologically (the Pb
concentration decreases from the surface of the sediments to 6-8 ci depths
for both sediment coress and the concentration of Pb at the surface in the
500 m core ig higher tnan that in the Jepper 1000 m core Considering the
sedimentation rate in the area of study and the vertical distribution of Pb
within the sediments there appears te be a downward migration of certain
forms of Pb in the sediments.

Jrace elements in bicta

During the period 1975-1977 pelagic organisms ranging in size from plankton
to tune were samp:ied Chroughout the Mediterranean and analyzed for selected
heavy metals. Largs zooplankion and small nekton from both western and
eastern basins were soried according to individual species thus allowing
realistic comparisons to be made between levels in similar species
inhabiting cifferent areas. One example is given in table 2 which shows
the levels of several mstals in suphausiid zooplankton from four regioens of
the Mediterranesn. 1In generesl, although occasicnal high concentraticons
were ncitad, the levels encountered in the majority of the organisms were
not too unlike theose reported for pelagic species from other oceanic
regions.
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Chlorinated hydrocarbons in biota

Pelagic species from the central and wastern basins of the Mediterranean
Sea were surveyed for PCBs and DDT. Residue levels in mixed microplankton
from two cruises, which traversed the same general region of the eastern
Mediterranean, show some clear differences. PCBs were significantly higher
in samples from St. 3a and 6a taken aboard the Atlantis II (table 3). A
careful examination of possible sources ef contamination suggested that the
observed differences may be resal.

The ranges of residue concentrations in euphausiids (9.8 to 110 ppb dry for
PCB and 2.5 to 115 ppb for DOT) were similar to those measured in mixed
plankton. Euphausiids from the eastern basin had higher DDT/PCB ratios
than those of the central region. This is due to a greater relative
decrease in DDT levels compared to PCB concentrations in going from the
central to the eastern region. A pelagic tunicate, P. atlanticum, sampled
at one station in the Ionian Sea ctontained far less PCB and DDT than
similar sized individuals from the Levantine basin. Different sized
mesopelagic fish, M. glaciale, sampled from a single population, displayed
a trend towards increasing ODDT/PCB and DDE/PCB ratios with increasing size
of fish. Finally, the relatively high levels of chlorinated hydrocarbons
(PCB = 660 ppb; DDT = 127 PPB) found in the amphipod Anchylomera
blosseviliei, may be typical for this group of organisms.

Tuna muscle contained concentrations of PCB and ODT ranging from 8 to 90
ng/g dry and 2.4 to 50 ng/g dry, respectively. Gut contents, which were
primarily composed of euphausiids, contained levels (PCB = 67 - 383 ng/g;
DDT = 57 - 198 ng/g) which corresponded to those in tuma muscle.

Levels of arganochlorine compounds in selected macrozooplankton and nekton
as well as mixed microzooplankton have been compared with those in similar
species from other oceanic areas. Although the dats are sparse, PCBs in
macrozooplankton and nekton do not appear to differ significantly from
concentrations in similar species measured elsewhere. In the case of

microzeoplankton there was a trend towards slightly lower values in these
organisms.

Vertical flux of trace metals and chlorinated hydrocarbons

Samples of sedimenting particles were collected off the coast by means of
sediment traps. Examinstion of the material showed that zooplankton fecal
pellets comprised a relatively large fraction of thg total sample. Fluxes
of these particulates ranged from 0.40 to 0.77 g m2d7L over a

four-month period. Levels of heavy metals (cd, Cu, Zn, Fe and Mn) in
biogenic particulates were high and compared favourably with concentrations
of the same elements in freshly-produced biogenic detritus colliected
immediately over the traps. Clearly, sinking biogenic debris will be
instrumental in effecting the downward vertical transport of these metals
in certain areas of the Mediterranean.

The same samples discussed above were analyzed for chlorinated hydrocarbons.
Table 4 shows that PCB levels were relatively high in the sinking
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particulates with flux averaging about 10C ug PCB m_zy-l in this
area. These measurements compare very well with independent estimates of
the same order made by measuring PCBs in sections of sediment cores taken
from the same region. These studies underscere the importance of sinking
biogenic particulate matter in removing PCBs from the upper layers aof the
water column and transporting them to depth.

Biokinetic studies

The behaviour and fate of arsenic and vanadium in Mediferrarmean species was
examined 1n controlied laboratory experimenis ubilizing radictracers and
stable element technigues. (ver a concentration ronge from approximately 2
to 100 g/l arsenic uptake in the Mediterranean mussel {Mytilus galloprovincialis)
and shrimp (Lysmata seiicaudata) was dependent upon the arsenic concentration
in sea water. Most of the arsenic accumulated was in muscle tissue, and it
was taken up by mussels more rapidly at higher temperatures. The increased
rate of molting at higher temperature made a temperature effect study
difficult. Arsenic uptake was inversely related to salinity in both

species and As concentrations on a whole-body weight were higher in smaller
than in larger individuals.

Preliminary studies with phytoplankton show that arsemate is rapidly

metabolized to a lipid extractable form. Using Dunaliella as the primary
producer in a three comporent food chain it was shown that this lipid.J .lLsoluble
arsenic is transferred efficiently to a herbivore (Artemia salina), and
subsequently to a carnivorous shrimp. IL alsoc appears that Artemia and

shrimp cannot mabilize inorganic arsenic into the lipig fraction; arsenate
absorbed directly from sea water by these organisms is converted largely to
arsenite.

VYanadium-48 and stable vanadium were used to study the uptake from water
and elimination of vanadium in four benthic invertebrates - mussels, shrimp
and crabs. The highest concentration facter (= 30) was noted in mussels
after three weeks' exposure. {ver a concentration range from approximately
2 to 100 ug V/1, uptake in mussels and shrimp was dependent upon the
vanadium concentration in sea water. Uptake in mussels and shrimp appeared
to be indepsndent of temperature over a range of 17°C fa 24°C but was
slightly increased st low salinity (19%,). Vanadium behaves

differently from arsenic in that the majority of vanadium (> 90%) becomes
fixed to shells of mussels and crustaccens suggesting that surface
adsorption plays a sireng role in the bicaccumulation of this element.

Both radiotracer experiments snd stable element data showed that byssus
threads of mussels rapidly accumulated vanadium to high levels. Because of
the remarkable ability of byssal threads to take up this element, some
consideration might be given Lo using this tissue as a biological monitar
for measuring changes in vanadium levels in the natural environment.

Chlorinated hydrocarcon bicoycling

Several different experiments were designed to assess the bicaccumulation
potential, tissue distributicn and depuratien of PCB aveilsble from water,
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food and sediments. 1In order to test the bicavailability of sediment-bound
PCB, comparisons were made of the accumulation of a mixture from sediments
and from water by benthic worms. Uptake from sediments was dose-dependent,
atiaining equilibrium concentration factors of approximately 3 to 4 after
two months. Subsequent PCB elimination rates were concentration-dependent,
with higher initial lcss rates evident in the worms containing higher

levels of PCBs. Accumulation of PCBs from water was much more rapid;
concentration factors reached approximately B0O0 after only two weeks.
Estimates were made of the relative importance of sediments and water as a
source of PCBs to worms expased to these contaminants in the natural
environment. Calculations based on experimentally derived PCB
concentration factors and ambient PCB levels in sediments and water suggest
that compared te water, sediments contribute the bulk of these compounds to
the worms.

The influence of uptake pathway on PCB accumulation and tissue distribution
was examined by allowing shrimp to accumulate DP-5 from either food or sea
water and analyzing their tissues during a peried of one month. Regardless
of the uptake pathway the relative tissue distribution was similar. The
viscera which includes the hepatbpancreas reached the highest levels.
Concentrations of PCB in viscera were over an order of magnitude higher
than those in exoskeleton and muscle suggesting that surface sorption plays
a minor role in the accumulation of PCB from water by shrimp. Despite the
fact that PCBs were rapidly absorbed into internal tissues, molted
exoskeletons contained significant amounts of these compounds.
Concentration factors in molts as high as 107 to 10° clearly

illustrate the importance of crustacean molting as a process for
redistributing PCBs in the marine environment. These experiments
demonstrate the ease with which PCBs are transferred from the environment
to benthic shrimp.
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(<0.04=5.8)

{<0.02-0.70)

Table 1. Average concentrations of copper, zine, cadmium
and mercury in various zones of the Mediterranean
sea
Zone «Cu ok hk « Cd o x 18 e
n pg/l n ug/l n ng/l n ngfl
Ii H.W. Med, 34, <0.440.2 34 2.730.4 33 <0.15+0.03 7 20+ 3
(<0.04~-5,8) (0.02-10) (<0.02-0.70) (3-32)
111 S.W.. Med, 13 <0.1040.04 13 1.240.5 13 <0.11+0.06 14 14+2
(<0.04-4.60) (0.02-6.0) (<0.02-0.51) (5 - 20}
v Tyrrhenian 9 <0.1840.G8 9 0.940.3 9 <0.11+0.04 10 26+4
(<0.04-0.62) (0.02-2.3) (<0.62-0.33) - (10 - 40)
¥i-¥1I Iondian- 6 < 0.740.4 & 1,840.9 6 <0.15+3.09 6 30+10
Central (<0.04-2.5) (0.02-5.7) (<0.02-0.57) (5-30)
V11l =Aégéan 4 <0,3+0.1 4 3+ 4 '<0.07f0.02 3 40420
(<0.04-0.64) (0.9~5.8) (<0.02-0.12) (15-80}
. % S.Levantin 4 <6.04#0.01 4= 0.940.2 4 <0.0440.03 4 16 + 2
‘ (<0.04) . {0.3-1.3} (<0.02-0,11) (12-20)
Grand averdge 70 <0.33+2.09 70 . 2.040.2 69 <0;13¢0.02 44 ~a 2243
(0.02-10) { 5-80}

*
n = No. of samples measured,

** = Uncertainties are expressed in terms of standard ervers. Ranges are given
in brackets.
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Table 3. Chlorinated hydgomarbon residues in miecrcplankton
collected in the eastern Mediterrancan during two

cruises in 1577,

[ ]
wg/Xg dry

" PCE LDDT

Cruise . Station {DP-5) pe 'DDT pp 'DDD pp'DDE PCB

Atlantis II g 30 7.1 2.4 2.7 0.40

3a y 100 5.7 1.1 3.6 0.13

6a 230 20 3.1 2.9 0.14

Shikmona 1 35 6.9 1z - 13.8 0.92
(7/77)

2 15 17 55 9.9 4.57

3 22 9.4 257 2.5 0.66

4 15 6.2 6.2 6.8 .1.25

+ sStations refer to those in Fig. 1

* Dry weight averaged 11% of wet weight
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Table 4 ESTIMATES OF PCE FLUX IN THE LIGURIAN SEA
Date Particulate PCE Mass Flux PCB Flux
' ~2.=1 -2 =
ug/¥Xg dry gm d wg m ¥y
6/78 650 0.77 183
7/78 300 0,64 70
#/78 710 0.40 104
o 10/78 200 0.77 56

= 103
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Participeting Research Centre: Instituto de Investigaciones Pesqueras
BARCELONA
Spain

Principal Investigator: A. BALLESTER

Scientific resulis

The aim of the present project was the establishment of the biocynetical
uptake aof V and Ni by marine organisms.

Preliminary considerations resulted in the selection of Pseudomonas sp.
as representative for typical marine bacteria, Dunaliella sp. for
phytoplankton, Mytilus edulis for invertebrates, Penaeus kerathurus for
‘crustacea and Solea solea for fish.

The primary sources of V and Ni for Pseudomonas and Dunaliella were
appropriate culture mediums enriched with solutions of one or both elements.

An outstanding and most interesting part of the experiment was the
reproduction of a natural trophic chain:

fish
bacteria mussels crustacea

The transfer of V and Ni from bacteria to mussels was performed by means
of previously contaminated bacteria and phytoplankton. The resulting
concentration Factors for a 15 days-culture-time were the following:

Pseudomonas Dunaliella
cf V =0.5 cf V = 2.9
cf Ni = 6.0 cf Ni = 12.5

Pseudomonas were able to develop in cultures containing very high
concentrations of V (50 ppm) and Ni (10 ppm) whereas inhibitory
effects were detected for Dunaliella at 50 ppm of V and 2.5 ppm of Ni.

The concentration factor in the secondary trophic transfer (Pseudomonas
to Mytilus edulis) was very low for a feeding time of 1 day; namely:

cf ¥V = 0.08
cf Ni = 0.21

The concentration factor in the terciary trophic transfer {(Mytilus edulis
to Penaeus kerathurus and Solea solea) was even lower than the secondary
one for a feeding time of 19 days:




Mytilus edulis ta Solea splea

cf V muscular tissues = [.001

ef ¥V liver = 0.012
Mytilus edulis to Penaeus kerathurus
cf ¥V mixed soft tissues = 0.004

More interssting resulis were gathered by direct V and Ni contamination of
mussels; i.z. using POLIKARPOV'S terminalogy, "direct absorption” froa the
waler. fact, the concentration factors resulbing from severs experimental
conditions were very high (table 1).

i
in
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TABLE 1
V Enriched
sea water Mean V content
(ppm) Time (days) of mussels (ppm) Cf
10 1 8 0.8
10 Z 20 2.0
50 ! 9 0.2
50 2 24 0j35]
100 1 269 e
100 2 357 3.6

The results shown in table 1 seem to demonstrate the existence of a critical
concentration in the enriched sea water culture between 50 and 100 ppm of V.

The sudden increase from 0.20 - 0.47 (at 50 ppm) to 2.69 - 3.57 (at 100 ppm)
allows us to introduce the above mentioned hypothesis. In order to gain
further knowledge on the "critical concentration" and its determination, a
new series of experiments were conducted. Their results are shown in table Z.



TABLE 2

Ni was that shown in tabhle 4.

¥ Znriched
sga waler Mean Y content
{ ppm ) Time (days) of mussels {ppm) Cf
50 i 16 0.3
sl i 23 (0=
0 Z 142 1.0
) i 74 2.5
20 1 220 2.8
1an ol £50 6.5
::'_ =5 Lion af MNi
A secles of cbservabions in mussel - cultures (Mytilus edulis) containing
L2, %, 10 anc 100 ppm of NI were conducted in a similar As for the
defermination of bhe V direct absorption pathway. After 4 davs the leve!
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TABLE 4
Ni concentratiaon Ni concentration
in enriched s/w - in soft tissues of
culture (ppm) Time (days) mussels (w/w) cf

1 4 6 &
? 4 9 9
5 4 14 3
10 4 34 3
100 4 32 1

Somewhat contrary te the observations made in the V experiment, the CF of
a culture containing 150 ppm of Ni (0.5) is of the order of one tenth
lower than in cultures containing O to 1 ppm Ni (mean value of 4.3).

The meaning of this difference is not clear yet, nevertheless some physiological
implications must be assumed; namely that the V cultures are more toxic at a

100 ppm level (excretion mechanisms excluded). In order to know the V
concentration in natural systems, two species of sea fish (Mullus barbatus and

Pagellus erythrinus) and sediments were collected and analyzed. Analytical
velues and cf's are shown in table 5.
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TABLE 5
V in organism ¥ in sea water (g/1) V in dorsal muscle Cf
Mullus barbatus 0.7x107¢ 0.02 ppm 30
Pagellus erythrinus 0.7x1078 3.05 ppm 70 "
Sediments g.7x10°% 28.00 ppm 3.8x10

We want to point out that the V content of Mullus barbatus conspicoos, a
benthic organism feeding in high V contaming sediments is lower than 1n
FPagellus ervithrinus.

Though we agree that this experiment is not absolutely complete (effects of

the variability under experimental conditions were not considered), the results
seem to be consistent since the mean cf/day for SO ppm V in the first experimental
series was 0.33 and 0.32 in the second cne; between 60 and 70 ppm V results in

a cf increase by a factor of three (0.32 to 1.0); at 80 and %0 ppm V the cf
increases abruptly (0.35 to 2.80) and; between %0 and 100 ppm V the cf increases
further (2.80 to 6.50).

Up to now we lack evidence about how physiological changes (including deteriorated

excretion mechanisms) can affect the equilibrium factors of arganism absorpticn
and V¥ culture content - when V concentrations exceed certain levels.

Ni uptake from Ni enriched éea water by bacteria and microalgae

As for Venadium, we checked the biocynetics of Ni uptake through trophic and
direct absorption pathways.

Experiments ware performed usinmg Ni enriched sea water and selected organisms
Pseudomonas sp and Dunalizlla sp were chosen as representive of bacterial
and phytoplanktonic populations respectively.

Preliminary experiments showed that the minimum inhibitery levels of Ni far
both organisms were: 100 ppm for Pseudomonas and 2.5 ppm for Dunaliella.
The concentration factors for a feeding time of 20 days were 6 and 12.5 -
respectibility. Table 3 summarizes experimental conditicns and results.
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TABLE 3
Ni concentration
s/n enriched Ni concentration
Organism culture (ppm) Time (days) in organisms Cf (20 days)
Pseudomonas 5 20 30 6
ps

Dunaliella 1 20 12 12
Discussion

Qur results are in agreement with Polikarpov's statement that the majority
of marine organisms concentrate more radionuclides (and that includes trace
metals) by direct absorption from the water rather than by feeding. In
consequence our results suggest that food chain transfer may be disregarded

- in general - as the main factor in bicaccumulation and transfer of
vanadium.

The tapid enrichment of vanadium observed in mussel shells over soft parts
may be explained by invoking two different pathways in the incorporation
of vanadium: 1) by biochemical mechanisms for soft tissues; 2} by

physiochemical processes involving, perhaps, calcium carbonate as the prime
matrix for concentration.

The analysis of two species of marine fishes show only moderate levels of
vanadium in their tissues even though they live in sediments containing
high levels of vanadium. This is to be expected if - as stated before -
food chain transfer of vanadium is negligible in marine organisms,

Finally, it is noteworthy that the results from this preliminary study have
encouraged us to continue both systematic environmental sampling and
laboratory experiments which should help clarify the mechanisms involved in
the direct absorption of Vanadium and Nickel from water.





