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1. INTRODUCTION

The high costs of fu ll sewage purifica tion  a re  the  reason for the  
grow ing tendency  to  design discharges of p a rtia lly -pu rified  sewage into 
m arine coastal w aters. W ith the  s tandard  of know ledge a t its p resen t 
level, it is techn ically  and  technologically possible to in troduce alm ost 
every  en te rp rise  in the  un iversa l u tilization  of sea w ater. The basic 
condition for execution how ever, is to learn  the  law s of the  processes 
occurring in the  sea. A region about w hich little  is know n is the  su rf zone 
and the  ad jacen t shallow  tra n s ie n t area.

Investigations conducted by  m any  countries have helped  to  explain  
m any  im portan t elem ents, b u t have not fac ilita ted  the  fo rm ulation  of 
the  p roper m odel defining the  m echanism  of processes and  enabling the  
forecasting of in ten sity  and  charac te r for d ifferen t prac tica l purposes. 
Theoretical problem s connected w ith  m athem atical m odels describing the  
processes of dispersion of sewage and self-purification  of sea w ater are  
being w orked out a t p resen t, b u t th e re  is a lack of exam ples of appli­
cation to experim en tal data  [2, 8, 14, 18, 22].

Theoretical and  em pirical investigations of sea tu rbu lence  are  poorly 
developed in Po land  as y e t and  it is impossible to  obtain  an  overall 
opinion on conditions and  the  degree of dispersion of pollution.

The firs t con tem porary  Polish paper on random  hydrodynam ic p ro ­
cesses was published in 1975 by Zeidler, who analyzed the  factors in-



fluencing the  transporta tion , d ilu tion and decay of sewage and  heated  
w ater in the near-shore  zone of the sea.

I t is p lanned  to bu ild  several large collective sewage trea tm en t p lan ts 
disposing sewage to the  near-shore  zone on the  cen tra l Polish coast, by 
1990. This has necessitated  the  p resen tation  of the existing background 
of pollu tion of nearshore  w aters, ad jacen t to inflows from  the  land  and 
em piric investigations of th e  range of dispersion in the near-shore  zone 
on the  cen tra l coastal area. Based on fie ld -labora to ry  observations in 
1960— 1975 and  on analysis of w ind conditions, it was a ttem p ted  to link 
th e  occurrence and  range of p a rticu la r levels of pollu tion of near-shore  
w aters  w ith  th a t of rivers  and  po rt channels, as w ell as subm arine dis­
charge of sewage. The resu lts  a re  im portan t for recreational and  th a las­
so therapeutic  purposes, as w ell as economic and investm ent prognoses.

2. THEORETICAL ASSUMPTIONS

2.1. CHARACTERISTICS OF THE SOURCES OF POLLUTION OF THE SOUTHERN BALTIC

A bout 140 m illion people inhabit the  Baltic basin, w hich is the source 
of about 15% of the  w orld’s industria l p roduction and  in w hich in tensive 
land  cu ltivation  takes place. It resu lts  from  the analysis of the  source of 
pollu tion in the  Baltic given in the  ICES W orking G roup R eport [12] 
th a t  of the  to ta l q u an tity  of m unicipal w astes d ischarged in to  the  Baltic 
as BOD5 (biochem ical oxygen dem and) in tons/year d irec tly  (298,300) and 
ind irec tly  (94,500), Po land’s share  is 6,200 and  3,600 tons BOD5/year.

The p u rity  of P o land’s near-shore  w aters  in the sou thern  Baltic 
depends m ain ly  on the  discharge of im purities from  the O dra and  V istula 
and  to a lesser ex te n t the  rivers of the  w estern  coastal region. As com pa­
red  w ith  the  im purities carried  by  the  V istula and  Odra, am ounting  to 
414,977 kg BOD5/d, the  rivers  of w estern  P rzym orze are  [21].

P arsę ta  35,736 m 3/d sewage w ith  13,983 kg BOD5/d
W ieprza 15,132 m 3/d  sewage w ith  4,050 kg BOD5/d
Słupia 45,739 m 3/d  sewage w ith  15,341 kg BODs/d.

2.2. METHODS OF DETERMINING THE SPREAD OF RIVER WATERS INTO THE SEA 
AND THE SEWAGE POLLUTION ZONES IN THE MARINE COASTAL WATERS

The hydrological influence of riv e r w aters  on the  nearshore  zone 
of th s  sea depends m ain ly  on the  q u a n tity  of influx, depth  of shelf and 
m eteorological conditions existing.

To facilita te  the  assessm ent of the influence riv e r w aters have on 
near shore w aters, the  spatial value of the  coastal zone w hich the  river 
w aters alone w ould occupy over the  period of a y ear is defined, assum ing 
th a t these w aters b ranch  out rad ia lly  to the  estuary . According to  Mi­
kulsk i [23] th is space is defined by the  volum e of a section of a cy linder



w ith  a rad ius equal to the  reach  of the riv e r w aters and  bottom  slope 
angle:

2 2V =  —  h r2 =  —  r a tan  a (1 )

hence the rad ius can be calculated

,3 /  3 V ~  
r  =  r  ~2~ * tan~a <2>

Giver: the  m ost freq u en t bottom  inclination of 1% in our nearshore  zone 
(tan  a =  0.01) we obtain

3 /  Q V  3 r________

r = l /  2 • ( m  =  | / l 5 0 - v  ' <3>
The rad ius for various capacities of riv e r in flux  can be calculated  from  
the  above form ula

V km 3 0.5 1.0 5.0 10 30
r  km  4.2 5.3 9.1 11.4 16.5 ^

I t  seem s therefore , th a t a p a rt from  the  V istula and  Odra, the range of 
Poland 's o ther rivers in to  the  sea is a bare  several k ilom etre section of the 
near-shore  zone.

To give an approxim ate im age of the spread of in land w aters  in  the 
sea, M ajewski [20] proposes to  take  the  low er sa lin ity  of w a te r rela tive  to 
the  average existing in the  given region of the  Baltic. A pplying a 7% 
isohaline he m arked  out an approx im ate  b e lt of the  near-shore  zone subject 
to  the  influence of riv e r w aters. From  this it resu lts  th a t the  r iv e r w aters 
have the  g rea test effect on the  G ulf of Gdansk, w here they  reach as far 
w est as Leba. A substan tia l p a rt of the  Bay od Pom erania is also affected 
by  river w aters inflow ing from  the  Szczecin Lagoon, bu t the  reach of river 
w aters  in the  s tre tch  of the  cen tra l coast is not very  great.

Due to the  dynam ics of sea w ater in the  near-shore  zone, and  also 
fo r m easurem ent-techn ica l reasons, the  salin ity  is not such a good index 
of the  surface reach  of in land  w aters  into the  Baltic.

The hydrological spread  of riv e r w aters into the  sea, defined by 
various m ethods, is not equ ivalen t w ith  th a t  of the  im purities and 
pollu tion  carried  by them . The discharge of sewage into the  sea or rivers  
flow ing into it, resu lts  — depending upon local conditions — in the 
occurrence of po llu ted  near-shore  zone of vary ing  reach.

The self-purification  processes of sea w aters are  m ore com plicated 
and  less understood  th an  analogous processes tak ing  place in in land w a­
ters. Several au tho rs are  of the  opinion th a t the  ab ility  of sea -water to 
p u rify  itse lf is m uch less, due to  the  low er (by about 20%) oxygen conten t 
as  com pared w ith  fresh  w ater of the  sam e tem p era tu re  [6, 23],

The n itrification  processes in the biochem ical oxydation cycle are  
delayed and slower. In view  of the  g rea te r am ount of dissolved substances,



sea w a te r is less able to absorb com ponents orig inating from  sewage th an  
is fresh  w ater. The survival, in sea w ater, for long periods, of bacteria  
from  the  coli and  Salm onella group [7], is stressed  and  the  m echanism s 
of bionecrosis of bacteria l flo ra  are  not y e t well understood. M itchel and 
M orris's [24] studies indicate th a t the  speed of necrosis of sewage organ­
ism s increases w ith  the  increase in population of indigenous m arine 
m icroflora. A t least tw o groups of bacteria  re la ted  to the  necrosis of 
Escherichia coli have been found. The firs t group, Pseudom onas causes 
dea th  by  enzym atic decomposition, the  second — Bdellovibrio —  is a 
parasite  of the  coli group organism s, utilizing the  whole cell as a source 
of carbon.

In  investigations of the  phenom ena of the  m ixing and  re ten tio n  of 
sewage in  coastal w aters, it is recom m ended th a t such trace  elem ents as 
radioactive m arkers 82B r [4], 131J  and  fluorescen t stains as rhodam ine B 
or its derivatives [3], be used. Iw ai [13] proposed a m athem atica l m odel of 
pollu tion  dispersion based on investigations using fluorescen t stains. 
Com parison of aeria l photographs of the  propagation of sta in  clouds, 
w ith  the  resu lts  of an  analysis of its concentration in  w ater established 
the  re liab ility  of both m ethods. The use of fluorescein in  such investi­
gations is criticised, how ever, in view  of the  rap id  break-dow n as the 
effect of insolation (50% in 3 hours). A itsam  [1] used stochastic m odels to 
forecast the  q u a lity  of sea w ater po llu ted  by sewage.

M ost researchers, how ever, define the  sp read  of sewage pollution 
tran sp o rted  by sea cu rren ts  or the  m ixing of w ater layers by the  occur­
rence of certa in  chem ical m icroelem ents or bacteriological indices of 
in testina l organism s —  m ain ly  Escherichia coli. T here is no doubt th a t 
E. coli as fecal m icro-organism s isolated in  sea w ater, a re  b rough t there  
w ith  river w aters  or sewage; they  are  thus allochtonic, invasive, w ith 
sho rt-te rm  developm ent possibilities.

Coli bacteriophages [17], bacteria  of the  Salm onella group [5] and 
viruses of the  a lim en ta ry  duct [10] are  detected  to investigate the  range 
of tran sp o rta tio n  of im purities o ther th an  E. coli. The tes t for the  p re ­
sence of B. coli of the  fecal type  is one of the  m ost accura te  of to -day’s 
tests  for the  detection of fecal pollu tion of w ater.

The firs t to determ ine the  reach  of near-shore  sewage pollution zones 
from  the coli index on Po land’s cen tra l coast, w ere K orzeniew ski and  K o­
rzeniew ska [15, 16], who indicated a correla tion  betw een  the  presence 
of sewage and  the  prevailing  w ind directions.

3. MEASUREMENT METHOD

Bacteriological analyses and  chem ical analyses of trace  substances 
were applied  to determ ine the  range of propagation of sewage pollution 
in coastal w aters. The chem ical analyses consisted in the  detection of



specific substances p resen t in industria l sewage of low biodégradation 
(phenols, detergents), as com pared w ith  the  to ta l organic substances 
expressed by the BOD5 index. Anion active detergen ts (D) w ere de te r­
m ined by colorim etric m ethod in  the  presence of m ethylene blue, phenols 
(Ph) colorim etrically  w ith  4 -am ino-antipyrine a fte r  in troducing  coloured 
com pounds to the  chloroform  layer. Standard Methods  [29] w ere applied  
for all determ inations.

The bacteriological analysis of w ater consisted in determ in ing  the  
to ta l q u a n tity  of psychrophyllic  and  m esophyllic bacteria  in 1 cbcm of 
w ater and  the  detection of coli-group bacteria  [31]. Exam ination  of the  
to ta l num ber of bacteria  was by  p late  m ethod on s tandard  agar a t  a 
tem p era tu re  of 20°C for 72 hours, (psychrophylls) and 37°C for 24 hours 
(mesophyUs).

The coli group bacteria  w ere detec ted  by  te s t-tu b e  ferm en ta tion  
m ethod in four stages:

1. p re lim inary  investigations on a m odified E ijkm an m edium  for 24 
or 48 hours;

2. corroboration tests  following positive or doubtfu l p re lim inary  in­
vestigations, on an  Endo m edium  a t a tem p era tu re  of 37°C for 24 hours, 
on a m edium  w ith  b rillian t g reen  a t 44°C and  on peptone w ater;

3. supp lem en tary  tests, adopted in  cases w hen un typ ica l bac te ria  
suspected of belonging to  the  coli group appear on th e  Endo m edium  
(oblique agar, m icroscope p repara tion , m edium  w ith  lactose and A ndrade 
reagen t, tes t for cytochrom e oxydase);

4. final te s t consisting in estab lish ing  w hether or no t the  bacteria  
w hich do not indicate the  ab ility  for gas ferm en ta tion  of lactose belong 
to  the  coli group.

The resu lts  a re  given in  coli titres . All w a te r sam ples taken  d irect 
from  the  sub-surface to a s terile  bo ttle  w ith  a ground in stopper, w ere 
d ilu ted  to 0.0001 cbcms and cu ltiva ted  in  tw o para lle l volum es.

The research  group had  the  ,,K ontroler-25” pa tro l boat belonging 
to the M aritim e Office in Slupsk a t its disposal and  bearing  stations 
ashore d irecting  the  vessel to p erm anen t sam pling stations. The m eas­
urem en t points w ere d istribu ted  in the  corners of grid  squares w ith  
1 mile sides (1,52 m etres), also a t contact points betw een w ater and  land.

4. RESULTS AND DISCUSSION

Of the q u a n tity  of investigations characteriz ing  the  process of 
propagation of pollu tion in the  150 km  belt of nearshore w aters 
analyzed, th ree  sets of data  have been chosen, these re fe rrin g  to the 
propagation  of sewage:

1. industria l —  from  the  F ibreboard  and Chipboard Factory  a t



K arlino , discharged in to  the sea by an 800-m etre long subm arine sewage 
drainage channel under U stronie M orskie —  about 4,200 cbm /day;

2. m unicipal —  about 8,00 cbm /day discharged into the  sea down an 
80-m etre long subm arine sewage d rain  a t Grzybowo to the  w est of K o­
łobrzeg;

3. discharged w ith  the  w aters  of the R iver Parsęta .
As no system atic m easurem ents of w ave elem ents or cu rren t char­

acteristics are conducted in the  region investigated, the resu lts  of 
research  w ere com piled w ith  the system  and velocity  of w inds and their 
recu rrence  over periods of several years. The data from  Tables 1— 2 give 
some idea as to the  frequency  w ith  w hich w inds from  p articu la r directions 
occur during the  year, separa te ly  for each of the  four seasons (A dm iralty  
sailing  directions for the  Baltic 1969). D uring the  sum m er, for instance, 
42.6% of the  w inds in the  Kołobrzeg region w ere N-NW  and W and at 
U stka — 48.7%. Table 3 gives the  w inds on the  cen tra l coast according 
to  th e ir  speeds.

In  the  region of the subm arine discharge of sewage from  the  
F ib reboard  and Chipboard Factory , the  propagation of pollu tion in the 
near-shore  w aters  was investigated  by  bacteriological m ethods (the to ta l 
num ber of psychrophyll and  m esophyll bacteria  as w ell as coli titre), 
a lso chem ical m ethods (BOD5, phenols). Chem ical m ethods could be 
applied in view  of the hom ogeneous, average com position of the sewage. 
T he characteristics of the w aste d ischarged by the  factory , to the  sea, 
w ere: BOD5 +  8,700 kg/02/d, oxygen consum ption +  9,100 kg/02/d, sus­
pended  m atte r  +  2,600 kg/d, phenols +  5.8 kg/d.

T a b l e  1 
T a b e l a  1

Winds on the central coast (Adm iralty sailing directions for the Baltic) [19] 
Percentage (mean) according to direction of winds in Kołobrzeg

W iatry przy wybrzeżu środkowym (Locja Bałtyku) [19]
Podział procentowy (średni) według kierunków występowania w  Kołobrzegu

Months
Miesiące

Wind directions 
Kierunki występowania wiatrów

N NE E SE S sw W NW cisza

December — February 
Grudzień — Luty 3,9 7,2 9,0 12,7 15,6 26,8 13,4 7,2 4,2

March — May 
Marzec — Maj 13,6 19,4 8,5 8,5 6,0 10,5 17,7 9,0 6,8

June — August 
Czerwiec — Sierpień 9,6 14,8 5,9 4,1 '7,3 16,8 24,2 8,8 8,5

September — November 
Wrzesień — Listopad 5,6 7,5 9,3 11,4 14,8 23,2 13,5 8,1 6,6



T a b l e  2 

T a b e l a  2

Winds on the central coast (Adm iralty sailing directions for the Baltic) [19] 
Percentage (mean) according to direction of winds at Ustka

W iatry przy wybrzeżu środkowym (Locja Bałtyku) [19]
Podział procentowy (średni) według kierunków występowania w Ustce

Months

Miesiące

Wind directions 
Kierunek występowania wiatrów

N SE E SE S SW W NW cisza

December — February 
Grudzień — Luty 60 5,0

\
8,4 12,5 19,3 23,4 13,7 9,1 2,6

March — May 
Marzec — Maj 9,8 18,8 9,8 9,3 8,3 9,5 19,7 10,2 4,6

June — August 
Czerwiec — Sierpień 7,5 14,3 6,4 5,5 7,8 12,1 26,5 14,7 5,2

September — November 
Wrzesień — Listopad 7,1 5,3 8,3 10,4 18,5 21,9 13,6 10,6 4,3

T a b l e  3 

T a b e l a  3

Winds on the central coast (Adm iralty sailing directions for the Baltic) [19] 
Percentage according to wind velocities at Ustka (U) and Kołobrzeg (K)

W iatry przy wybrzeżu środkowym (Locja Bałtyku) [19]
Podział procentowy wg prędkości w iatru w Ustce (U) i Kołobrzegu (K)

Months

Wind velocity in m/sec. 
Prędkość w iatru w m/sek

Miesiące i 0--2 2--5 5 --10 10--15 15

U K U K U K U K TJ K U K

December — February 
Grudzień — Luty 2,7 4,1 19,9 23,7 11,1 39,2 31,6 28,5 3,9 3,6 0,8 0,9

March — May 
Marzec — Maj 4,6 6,8 23,7 26,0 46,5 40,0 23,8 25,4 1,1 1,7 0,3 0,1

June — August 
Czerwiec — Sierpień 5,2 8,5 29,6 33,0 43,8 41,4 19,9 16,4 1,2 0,7 0,3 —

September — November 
Wrzesień — Listopad 4,1 6,4 26,5 29,5 42,4 39,7 23,3 21,5 2,9 2,6 0,8 0,3



Fig. 1 illu s tra tes  the  level of BOD5 per mg02/dm 3 in the  B altic in  the 
region of the  F ib reboard  and  C hipboard F ac to ry  subm arine sewage dis­
charge a t K arlino. Tests a t fou r stations s itua ted  at each side of the 
sewage outfall a t a distance of about 200 m., did not indicate any  subs­
tan tia l pollution. A rithm etic  m eans from  10 m easu rem en t series con­
ducted  in  the years 1974— 1976 in  the  region of sewage discharge, indica­
ted  a value of 6.2 m g 02/dm 3, b u t th is  dropped to 2.0 m g 02/dm 3 0.25 m iles 
from  each side of the  outfall. A t station  1, 2 m iles to  th e  w est, and 
sta tion  6 , 5 m iles to  the  east, sim ilar BOD5 values w ere noted w ith  an  
average of 1.8 mg 02/dm 3. T here was a rap id  drop in th e  BOD5 to the

n o rth  and th is am ounted  to 1.6 mg 02/dm 3 a t s ta tion  9, 1 m ile d istan t from  
the  outfall. E xceptionally  low BODs values w ere found a t s ta tio n  8 — 
1.4 mg 02/dm 3 on average — as w ell as o ther pollu tion factors, probably  
due to the  in flux  of less con tam inated  w aters  from  the  R iver Czerwona.

The conten ts of anion active detergen ts  ind icated  a sim ilar band ­
like ch arac te r of po llu tion  propagation (Fig. 1). W hen the  w inds are  
N.NW or W, the  concentration  of anion active detergen ts  (0.012 m g/dm 3)

Fig. 1. Level of biochemical oxygen demand — BOE5, phenols — F anion active 
detergents — D in mg/dm3 in the Baltic, in the region of the subm arine sewage 
outfall at Ustronie Morskie
L e g e n d :  1 measurement stations, 2 — contents established experim entally, 3 — probable 
contents

Ryc. 1. Poziom biochemicznego zapotrzebowania tlenu — BZT,5 fenoli — F, deter­
gentów anionoaktywnych — D w mg/dm3 w Bałtyku, w rejonie pomorskiego upustu 
ścieków pod Ustroniem Morskim
L e g e n d a :  1 — stanowiska pomiarowe, 2 — zawartość stwierdzona doświadczalnie, 3 — za­
wartość przypuszczalna



is sim ilar a t station  2, 0.25 m iles to  the  w est, as a t sta tion  6 —  5 m iles to 
the  east. The m ean from  10 m easurem ent series a t the  ou tfall of the  
sewage, indicated a de tergen t concentration of 0.033 m g/dm 3. The quan­
tity  of detergen ts w as low —  0.008 m g/dm 3 on average, a t station  1 — 2 
m iles to the  west, s ta tion  9 —  1 m ile to the  north , and  200 m etres from  
the shore.

The m ean concen tration  of phenol a t the  outfall was 0.023 m g/dm 3, 
a t sta tions 2 and  4 less th an  0.010 m g/dm 3, from  0 to 0.005 m g/dm 3 a t 
the  rem ain ing  (Fig. 1).

These resu lts  of chem ical investigations indicate th a t over an  area 
of about 1 sq. m ile in the  im m ediate v icin ity  of the  sewage outfall and 
a t certa in  stations —  2, 3, 4 and 7 (Fig. 1), the  Baltic w aters reach the 
lim it of class II p u rity  (Council of M inisters’ Decree of 9 VI 1970). O utside 
th is zone the  Baltic w aters  come w ith in  the  upper lim its of class I pu rity .

Fig. 2. Propagation of pollution in the region of the subm arine sewage outfall at 
Ustronie Morskie, based on bacteriological investigations
L e g e n d :  1 — m easurement stations, 2 — very highly polluted water (E. coli titre of the cir­
cular type 0.0004), 3 — highly polluted water (E. coli titre of the circular type 0.004), 4 — polluted  
water (circular type E. coli titre 0.04), 5 — II class purity water (circular type E. coli titre 0.1); 
In the upper corner — a wind rose for Kołobrzeg, based on data from periods of many years, 
denoting the wind direction during water testing. Total number of bacteria

psychrophyllic
----------------------in 1 cm 5 water
mesophyllic

Rye. 2. Rozprzestrzenianie się zanieczyszczeń w rejonie podmorskiego upustu ścieków 
pod Ustroniem Morskim na podstawie badań bakteriologicznych
L e g e n d a :  1 — stanowiska pomiarowe, 2 — woda bardzo silnie zanieczyszczona (miano E. 
coli typu kałowego 0,0004), 3 — woda silnie zanieczyszczona (miano E. coli typu kałowego 0,004), 
4 — woda zanieczyszczona (miano E. coli typu kałowego 0,04), 5 — woda zgodna z normami II kla­
sy czystości (miano E. coli typu kaowego 0,1); U góry, w  rogu, róża wiatrów dla Kołobrzegu na 
podstawie danych z w ielolecia, z zaznaczeniem kierunków wiatrów, przy których dokonywano

psychofilnych
badań wody. Ogólna ilość b a k ter ii---------------------  w 1 cm* wody

m ezofilnych



Bacteriological analyses of w ater sam ples from  the  sam e 10 m easure­
m en t series show ed a m uch worse situa tion  of the  prom ulgation  of 
pollu tion  from  the  san ita ry  point of view. The high pollu tion  zone (coli 
titre  0.004— 0.00004) was also of a band-like charac te r along the  line of 
stations 3— 6 and  reached  out 5 m iles to the  east (Fig. 2). The q u a n tity  
of psychrophyll bacteria  w hich fluc tuated  betw een 3,560 and 6,300 a t 
the outfall site (station  3), fell to 160— 550 a t sta tion  6, 5 m iles to the  
east. The to tal num ber of m esophyll bacteria  a t station ' 3 was betw een 
2,380 and  3,400, dropping to 38— 100 per cb. cm. a t s ta tion  6.

Studies on the  bacteriological pollu tion  of sea w ater in the  subm arine 
region of sewage discharge in 1974— 1975, established that:

— th ere  is a d istinct effect of sewage on th e  concen tration  of psy- 
chrophyllic and  m esophyllic bacteria  in w ater, m ain ly  on the  E. coli 
titre ,

—  the  reach  of excessive pollution of sea w ater depends upon the 
q u an tity  and  q ua lity  of sewage or w aste d ischarged into the  sea and 
also the  m eteorological conditions.

As the in tensity  of phenom ena established was not to be explained 
by the  technology applied  in the  F ib reboard  and C hipboard fac to ry  a t 
K arlino, a series of investigations on the  m etabolism  of the  m icroflora in 
the sewage from  the  point of origin to the  outfall in the  sea, was con­
ducted in 1976. P re lim in ary  findings (investigations are  being continued) 
show ed that:

— the fac to ry  takes in technological w ater h ighly  contam inated  by 
bacteria  from  the  R iver P arsę ta , below  the  in flux  of o ther m unicipal 
and industria l sewage. The to ta l q u a n tity  of psychrophyllic bacteria  in 
th is w ater reached  80,000, th a t of m esophyllic — 30,000 per cm 3 of 
w ater w ith  a coli titre  of 0.001;

— the re ta in ing  of w ater in the technological and  firefigh ting  tanks 
for 5— 6 hours increases the  to ta l num ber of bacteria  and  coli titre  
tenfold,

— technological w aste is an  excellen t m edium  for the  grow th  of 
E. coli in  view  of the  presence of carbohydrate  constituents of wood. The 
acidifying of the  m edium  facilita tes the  cleavage of hem icellulose into 
num erous carbohydrates. P rio r to discharge in to  the  pipes, the  w aste is 
m ixed w ith  san ita ry  sewage which has typ ical m icroflora (to tal num ber 
of psychrophylls and  m esophylls +  2— 2.5 m illion per cm 3 and  coli titre  
of 1 • 10-8,

— there  a re  sim pler m ethods of rad ically  im proving the  m icroflora 
com position of sewage discharged into the sea and  thus dim inish the zone 
of po llu ted  sea w aters.

In  the  region of the  subm arine outfall of m unicipal sewage from  K o­
łobrzeg a t Grzybowo, the  propagation of pu llu tion  in  th e  near-shore 
w aters  was investigated  by  bacteriological m ethods. The characteristics



of the  pollu tion tran sp o rted  to the sea was BOD5 +  2,000 kg02/d, oxygen 
consum ption +  1,000 kg 02/d, suspended m atte r  +  1,800 kg/d, phenols 
80 kg/d, fa ts  380 kg/d.

The zone of h ighly  po llu ted  w aters (coli titre  of over 0.0004) was 
bound by stations 2, 3, 4, 12, 13 from  the  outfall to the  no rth -east, to  2 
m iles from  the  coast (Fig. 3). The reach  out to sea w as not very  deep 
and 1 m ile to the  north , the coli titre  dropped to 17. The num ber of 
psyclirophyll bacteria  in the  h ighly  pollu ted  w ater zone fluc tuated  be t­
w een 1100— 2100 and  m esophylls 220— 900 bacteria l/cm 3 of w ater. The 
num ber of psychrophyllic and m esophyllic bacteria  decreased slow ly 
w ith  the  d istance from  the  sewage outfall in a n o rtheaste rly  direction 
and  3 m iles aw ay flu c tu a ted  correspondingly  betw een  320— 360 and  
65—75. The above can be explained  by the  sho rt distance of subm arine 
discharge and  the  high conten ts of biogenous substances in the  sewage.

The propagation of pollution in the estuary  of the  R iver P arsę ta  
was also investigated  by  bacteriological m ethods. The R iver P arsę ta  has 
a flow of 23.5 m 3/sec., w hich m eans abou t 0.8 km 3/ year. M ajew ski (1972), 
w ho conducted detailed  research  in th is estuary  in 1962— 1970, establish­
ed , on the  basis of w ater salinity , th a t the  river w aters did not usually  
reach  fu rth e r  out to sea th an  1— 2 m iles from  the  coast. The effect of 
sea w ater in the  a rea  of the  P arsę ta  e s tu a ry  was very  strong, how ever.

80 m w m orze 
s u b m a rin e  sew ag e o utfall ■. 
80 m o ut to s e a .

Fig. 3. Propagation of pollution in the region of the subm arine outfall of sewage 
from Kołobrzeg at Grzybowo, based on bacteriological investigations. Explanations 
as in Fig. 2
Rye. 3. Rozprzestrzenianie się zanieczyszczeń w rejonie podmorskiego upustu ścieków 
z Kołobrzegu w Grzybowie na podstawie badań bakteriologicznych. Objaśnienia jak 
przy ryc. 2



th anks to the  v icin ity  of the  deep Bornholm  Basin w aters. The sa lin ity  of 
w ater along the  shore often  exceeded 10%. A wedge of salty  w ater also 
reaches up riv e r to the  po rt area, accelerating m ixing. The in teraction  
of fresh  and  salt w aters  p resen ted  here  in sim plified form , m ust have a 
favourable effect on the  d ilu tion of the im purities discharged to  the  sea 
by  the  R iver P arsę ta  [25],

Fig. 4. Propagation of pollution discharged by the River Parsęta in Kołobrzeg, 
based on bacteriological investigations. Explanations as in Fig. 2
R.yc. 4. Rozprzestrzenianie się zanieczyszczeń wprowadzanych rzeką Parsętą w Koło­
brzegu, na podstawie badań bakteriologicznych. Objaśnienia jak  przy ryc. 2

In  the P arsę ta  estuary , the zone of h ighly  pollu ted  w aters  (coli titre  
0.04) was bound by  stations 14, 11, 9, 18 reaching  3— 4 m iles to the  no rth  
and  east and  covered an  a rea  of about 9 sq. m iles (Fig. 4). The num ber of 
psychrophyllic bacteria  dropped from  1,500 in  the  r iv e r estuary , to 700 
and  450, 3 and  5 m iles from  the  shore respectively . The num ber of 
m esophyllic bacteria  fluc tuated  betw een  500 in the  P arsę ta  estuary , to 
50/cm3 5 m iles to th e  north .

5. CONCLUSIONS

The system atic increase in  outfalls of various kinds of im purities 
and  pollu tion to rivers and the  Baltic as the  resu lt of the  in tensive deve­
lopm ent of all fields of econom y and  the  grow ing population of Baltic 
countries, is c reating  a grow ing th re a t —  d irec tly  to  the  m arine env iron­



m ent, and ind irectly  to m an exploiting this. The B altic is particu la rly  
susceptible to th is type of e x te rn a l in terference  in  view  of its specific 
hydrological system  w hich disqualifies it as a discharging a rea  for 
im purities and sewage.

The resu lts  of em piric investigations on the propagation of pollution 
discharged into the  sea from  the  land  p resen ted  in th is w ork, indicate 
the  g rea ter su itab ility  of bacteriological m ethods. Most of the  chem ical 
com ponents ra te d  as im purities, occur in the  m arine env ironm ent in 
infin itesim al quantities, d ifficu lt to  detect analy tically , bu t often noxious 
due to the ir bioaccum ulation capacities.

The test for fecal type  B. coli com m only applied in  m any countries, 
is one of the  m ost accura te  of those a t p resen t available to detect fecal 
contam ination of w ater and  can be applied w ith  a scale of grades sim ilar 
for both  in land and  sea w ater [9, 11, 28].

The d istribu tion  of w ater m easurem ent stations in a grid  w ith  sides 
1 m ile in leng th  fac ilita ted  the accum ulation of data to  w ork out m ath e­
m atical m odels for the  pred iction  of near-shore  w ater qua lity  (purity).

The resu lts  obtained enabled the determ ination  of the pollu tion zone 
of sea w ater near-shore  and rela te  th is to the q u a n tity  of im purities 
discharged by rivers  and  subm arine sewage outfalls.
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BADANIA STREF ZANIECZYSZCZENIA ŚCIEKOW EGO 
PRZY BRZEŻN EJ WODY M ORSK IEJ ZA POMOCĄ W SKAŹNIKÓW  

CHEM ICZNYCH I BAKTERIOLOGICZNYCH

Streszczenie

Przedstawiono istniejące tło zanieczyszczeń przybrzeżnej wody morskiej na pol­
skim wybrzeżu środkowym, w sąsiedztwie dopływów z lądu, określono ładunek za­
nieczyszczeń dopływających podmorskimi upustam i ścieków i ujściami rzek. Wyniki 
badań nad zasięgiem rozprzestrzeniania się zanieczyszczeń z lądu zestawiono z k ie­
runkam i i siłą dominujących w tym  rejonie wiatrów. Róże w iatrów z wielolecia po­
zwalają stwierdzić, jak  często w poszczególnych porach roku występują analogiczne 
w arunki przemieszczania się zanieczyszczeń w przybrzeżnej wodzie morskiej.

Spośród różnych sposobów badania zasięgu rozprzestrzeniania się zanieczyszczeń 
w morzu stwierdzono największą przydatność metod bakteriologicznych, a szczególnie 
testu na obecność Bacterium  coli typu kałowego.

Próby pobierano ze statku badawczego naprowadzanego stacjam i namiarowymi 
z lądu na stałe punkty pomiarowe, rozmieszczone w narożnikach siatki kwadratów
0 boku 1 Mm, oraz z lądu, na styku wody i plaży.

W pracy stosowano analizę chemiczną substancji śladowych wprowadzanych ze 
ściekami (fenole, detergenty) na tle ogólnej zawartości substancji organicznych, w y­
rażonych biochemicznym zapotrzebowaniem tlenu (BZTr,), oraz analizę bakteriologicz­
ną, obejmującą oznaczenie ogólnej ilości bakterii psychrofilnych i mezofilnych w
1 cm3 wody i miano coli typu kałowego.

Przedstawiono trzy zbiory danych odnoszące się do rozchodzenia się ścieków: 
a) przemysłowych, wprowadzanych do morza długim podmorskim upustem ścieków 
(800 m w morzu), b) komunalnych, wprowadzanych do morza krótkim  upustem 
ścieków (80 m w morzu) i c) wprowadzanych razem z wodami rzeki Parsęta.

Rozmieszczenie stanowisk w narożach sieci kw adratów  o boku 1 Mm przy na­
prowadzaniu z lądu na stałe punkty stw arza możliwość gromadzenia danych do 
opracowania modeli matematycznych prognozowania jakości wód przybrzeżnych. 
Stwierdzono, że test na obecność Bacterium coli typu kałowego stanowi najbardziej 
dokładny z dostępnych dziś testów wykryw ania zanieczyszczenia kałowego wody. 
Miano coli daje się stosować przy jednakowej skali liczbowych ocen porównawczych 
jako wskaźnik zanieczyszczenia zarówno do wód śródlądowych, estuariów, jak i przy­
brzeżnych wód morskich.



REFERENCES

LITERATURA

1. A i t s a m A., A  stochastic model for marine waste disposal, IV Międz. Kongres 
Ochr. Wód, Praga 1969.

2. A i t  s a m  A., K u ł ł a s  T., L i c h m u s s a a r  H., T o m s a ł u  R., Rasczot ras­
prostranienija primiesiej w  stratificirowannoj sriedie, Symp. Zanieczyszcz. Mórz 
Słonawych, Gdynia 1974.

3. A u b e r  t M., K o c h  P., G a r a n c h e r  J., The diffusion of bacterial pollution in 
fhe sea, IV Międz. Kongres Ochr. Wód, Praga 1969.

4. B a r  r  e t M , M u n r  o D., A g g A., Radiotracer dispersion studies in  the vicinity  
of sea outfall, IV Międz. Kongres Ochr. Wód, Praga 1969.

5. B u c z o w s k a Z., Zadania nad bakteriologicznym zanieczyszczeniem przybrzeż­
nej wody morza, Biul. Inst. Med. Morskiej, 1959, 3/4, 141.

6. B u c z o w s k a  Z., D ą b r o w s k a  J., Charakterystyka ścieków przemysłu ryb­
nego, Gaz, Woda i Techn. San., 1955, 10, 357.

7. C h a i t K.B., Zagriaznienije pribrieżnoj zony moria i m ieroprijatija po jejo sa- 
nitarnoj ochranie, Gig. i San., 1960, 6, 9.

8. F e l z e n b a u m  A.I., Dinamika rasprostranienija zagriaznienij w  mielkom  
morie, Symp. Zanieczyszcz. Mórz Słonawych, Gdynia 1974.

9. G e 1 d r  e i c h E., Applying bacteriological parameters to recreational water 
quality, Jour. Am. W ater Works Assoc., 1970, 62, 113.

10. G i l c r e a s  F.W., K e l l y  S.M., Relation of Coliform-organism test to Enteric- 
-virus pollution, Jour. Am. W ater Works Assoc., 1970, 47, 683.

11. G o l b a  J., N o z d r z y k o w s k i  E., F a r  J., S t a n k i e w i c z  J., Badanie wody  
morskiej na plaży w Świnoujściu i wody rzeki Św iny w  kierunku pałeczek 
Salmonella, Roczn. PZH, 1973, 6, 747.

12. International Council for the Exploration of the Sea, Fisheries Improvement 
Committee Report of the Working Group on Pollution of the Baltic, 1969.

13. I w a i S., Survey and prediction of pollution in the Omuta industrial harbour, 
IV Międz. Konkres Ochr. Wód, Praga 1969.

14. J  u c h a t M., R i ł a p A., O j a  K., T o o m p u u A., Transformacija plotnostiej 
wicrojatnostiej koncentracii wdol’ oblaka zagriaznienija, Symp. Zanieczyszcz. 
Mórz Słonawych, Gdynia 1974.

15. K o r z e n i e w s k i  K., Zanieczyszczenie wód przybrzeżnych Bałtyku na w ybrze­
żu środkowym, Toruń 1971.

16. K o r z e n i e w s k i  K., K o r z e n i e w s k a  J., Badania nad stanem przybrzeż­
nych wód morskich i plaż województwa koszalińskiego, Balneol. Pol., 1969, 5, 5.

17. K o t t  Y., B e n  A r  i H., The fate of viruses in a marine environment, IV Międz. 
Kongres Ochr. Wód, Praga 1969.

18. L e o n o w  A.W., A j z a t u l l i n  T.A., Dinamika zakrytoj BPK-sistiem y opust 
portrietnogo matiematiczeskogo modielirowanija, Trudy Gosud. Okieanogr. Inst., 
1975, 127, 5.

19. Locja Bałtyku. Część południowa, wybrzeże polskie, wyd. IV, Biura Hydrogr. 
Mar. Woj., Gdynia 1969.

20. M a j e w s k i A., Charakterystyka hydrologiczna estuariowych wód u  polskiego 
wybrzeża, Prace PIHM, 1972, 105, 3.

21. M a ń c z a k  H. in., Program ochrony morskiego środowiska B ałtyku w  zakresie 
zanieczyszczeń pochodzących z lądu PRL, Inst. Kształtowania Środowiska, W ro­
cław 1975.

22. M i c h a j ł o w  M.A., Izuczenije dinamiczeskogo rasprostranienija zagriaznienij 
w  wodach Baltijskogo moria, Symp. Zanieczyszcz. Mórz Słonawych, Gdynia 1974.



23. M i k u l s k i  Z., Wody śródlądowe w  strefie brzegowej południowego Bałtyku, 
Prace PIHM, 1970, 98, 25.

24. M i t c h e l  R., M o r r i s  J.C., The fate of intestinal bacteria in the sea, IV Międz. 
Kongres Ochr. Wód, Praga 1969.

25. M o c z u l s k a  A., K o r z e n i e w s k i  K., Detergenty, fenole i inne substancje 
toksyczne w  rzekach Pomorza Zachodniego i przybrzeżnych wodach morskich. 
Ochrona i kształtowanie środowiska przyrodniczego Pomorza Środkowego, Słupsk 
1977.

26. M ü l l e r  W., Die Einleitung von Abwassern ins Meer, Gesundh. Ing., 1953, 74, 
286.

27. Rozporządzenie Rady Ministrów z 9 VI 1970 w spraw ie norm dopuszczalnych za­
nieczyszczeń wód i warunków  wprowadzania ścieków do wody i ziemi, Dz. U. 17.

28. R z e p e c k a  H., K u n e r t  A., R e c z e k B., Zanieczyszczenie wody morskiej 
basenów portowych pałeczkami Enterobacteriaceae, Roczn. PZH, 1974, 2, 237.

29. Standard Methods for the Examination of water and wastewater, Amer. Public 
H eatth Ass., New York 1965.

30. Z e i d 1 e r  R., Struktura  i metody produkcji procesów turbulentnej dyfuzji, S tu­
dia i Mat. Oceanol. KBM PAN, 1975, 12, 155.

31. Z i e m i ń s k a S . ,  H a m a n  S., M a l e s z e w s k a J . ,  M etodyka bakteriologicznego 
badania wody i ścieków dla celów sanitarnych, Wyd. Met. PZH, W arszawa 1971. 
z. 16.


