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Finlands only titanium dioxide factory is located in the
Borough of Pori. Production began in 1961, when the production
capacity was only 20 % of the capacity in 1974. The amount

of sewaze at present is about 10 000 cu.m. per day. Sewage in
1974 contained about 4 % FeSD), , 3 % H2SOu , 0.3 % TiO2 and
smaller amounts of some other compounds, for example some
heavy metals (Mn, Zn, V, Sb, Cr, Hg). The total amount of"
FeS0y, is about 380 tons per day. The sewase is discharged

into the sea through three pipes with an . inner diameter-of
315 mm to a distance of about 4.7 km from the shore to a depth

of 17 m. The bottom of the sea is quite flat at this spot and the

depth of the water increases very evenly on a gradu:ul slope
without large isolated basins. Only small, shallow basins

have been found near the mouth of the effluent pipe.

The sewage containing FeSOu and HZSOM has a direct effect on
the sea water in the following way (WEICHART 1972, NESPITAL
1973, RACHOR & DETHLEFSEN 1974):

1. The pH value of the sea water decreases due to the sulfuric
acid. The acid usually weakens very quicly. The concentrations
of CO, and SOﬁ' increase in water.

2. The concentration of iron increases in the sea water. The
Fett ions oxidize to Fe3+ ions and precipitate as finely di-
vided hydroxide. This increases the turbidity oflthe sea water.
In addition, the ferric hydroxide easily adsorbs colloids, oil,
other particles , etc. The particles sink to the bottom, where

they form sediments.
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3. The concentration of oxygen in sea water decreases because of
oxidation from Fe30y to Fe(OH)B. '
The effects of sewaze have been studied in 1965 (Oy Keskuslabo-
ratorio -Centrallaboratoriet Ab 1968), in 1971 (SEPPANEN & SHEMEIK=~
KAyn T972("erentutkimuslaitos 1973) and in 1973-1975 by the Finnish
Game and Fisheries Rescecarch Institute, Fisherices Division. This
study has contained e.g. an extensive test fishiny and water
quality control prozram, incubation of rainbow trout innet cages,
studies  on the contamination of fishing gear, fishery interviews,
zooplankton studies, studies on bad taste and odor in fish and
studies on the accumulation of sone heavy metals in fish (B, Cd,
Zn, Cr, Sb). This paper is a summary of the biological part of
this study. A

The weakeninms of sewage in sea water

Normally sewage weakens very quickly after it has been discharsed
into the sea. The density of sewaze is about 1,1/cu.cm. and
it is thus heavier than sea water (density about 1.004/cu. cm)..
Consequ2ntly sewage stays on the bottom layer. Sometimes, however,
quite undiluted sewase flows as a narrow current from the place
of discharge. Such sewage can be found at a distance of at least
"10-15 kn from the place of discharse. The concentration of iron
has been found to be over 100 mg/l and the pH value under 3 to a
distance of over 5 kn from the place of discharge. Jn such water
the oxyzen ssuration percentage is almost 0 %. Usally the situ-
ation is better and the aforementioned condition occurs oly very
close to the nouth of the effluent pipe. ‘
At the coastline the concentration of iron in water was found to
have doubled from 1964-1965 to 1971-1972, with an averasge value of
- 0,8mg/1 in 1972. In summer the concentration has been clearly
lower than in winter.
The'prempitated iron deposits on the bottom scmetimes rise to
“the surface water in connection with an upwelling of the sea, pi-
ving a russet color to the water. The iron concentration in sucH
iron floats has been faund to be 0,39-2,24 mpg Fe/l and the pH
value 6,9-7,9.
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Effects on phytoplankton and primary production

SALONEN(1973) and Kokem#enjoki watercourse water pollution control
association (1975) have fcund slightly smaller primary production
values in the area of disharze than in the surrundint sea areas.

Effects on ©osoplankton

Harmful effects of acid-iron wastes have already been fcound for
example by REDFIELD & WALFORD (1951) XETCHUM et al. (1958),
VACCARO et al. {1972) and 3R7CE et 2l. (1973). The effects on the
marine environnent have, however been very slight. Sea currents
transfer zooplankton rapidly from one place to another and the
harwful effects are difficult to detect. In seneral the effects
of sewane on zooplankton are slimht.

Effects on benthic fauna

The harmful effects are wost clearly seen in benthic fauna. In

the Pori sea arca there is a clear correlation between the number

end bicmass and the distance from the place of discharze (SEPPANEN
& SHEVEIXKA 1972). The dead area has a diameter of about 2 km.

The mouth of the effluent pipe is in the niddle of this area. Out-
side this district the bottom fauna is normal in the Gulf of

Bothnia.
Effects on fish egys and spavnirng grounds
The effects of secwase on fish egss and spawnins grcunds were studied

by incubating the exms of pike (Esox lucius)and whitefish (Core-
ronus lavaretus) in evlindrical cazjes. The es7s turNed brownish

near the place of discharce. In labortory tests on herrinm egrs
KINNE & ROSENTHAL (1967) found that the brownish layer prevents
the mas exchanse between the e~s and the surrouading medium. They
describe the effects of sewame in the followinn way: '"Under condi-
tions of maximum test medium effec iviness, percentasmes of success:
ful fertilisation and of eqn survival are considerably reduced,
diameter of fertilized esss remains snaller, embryonic srowth rate
is retarded while the heart freguency tends to increasc,



duration of incubation is Shorteﬁed5 percénﬁage of successful’
hatching decrases and structuralAabnormaliéies of freshly hatched
larvae increase." _ L

In the Pori sea area the pike. egas déveloped tolla"vae at a spot
about 1 km from the place of discharge, even if the eggs were a
little browner before casting than the eggs in the control places.
Unfortunately, it was not possible to grow the larvae to see if
‘they were able to develope more fully. The eggs of whlteflsh tur-
ned'brown at a distance of 3. .5 kn from the place of dlscharge.

It can be estimated that &ggs turn brownish to a distance of about
5 km from the mcuth of the efflﬁent pipe. This area has important
spawning grounds of Baltic herring (Clupsa harenpgus) and whitefish
(Corsgonus sp.).

Effects on adult fish

Laboratory test of the effecus of acid-iron wastes have been made
for example by HALSBAND (1968), KINNE & SCHUMANN (1968) and ‘
SEPPANEN & SHEMEIKKA (1972). The toxic effects appeared in all these,
tests but the lethal concentration depends on the concentrations of
FeS0, and H2SOu in the primary solution of sewage. According to
SEPPANEN & SHEMEIKKA (1972) a mortality of fifty percent was found

t in perch (Perca fluviatilis) and young whitefish (Coregonus la-

varetuS)in concentrations more than 1:200 during an incubation
period of 96 hours. Slight poisonous effects could still be found
in a concentration of 1:500. The concentration of FeSOu and

H,80y in sewage of the Finnish ’E‘io2 factory is about 3-4 times
smaller than it is. in most factories in the world. In 1974 rainbow
trouts were incubated in net cages in the Pori. sea . BENUEE
area. The places where fish died because of acid-iron wastes are
shown in fig. 1. This area is at least 5 km to the west of the
place ofvdischarge. Test fishing nets once contained one ruff
(Acerina cernua) destroyed by acid-iron wastes at a distance of

12 kn from the place of discharge. All fish killed by sewage were
close to the bottom In surface water the fish were similar to boiled
fish and decomposed easily when touched. WILSON & WHITE (1974) kept
flounders (Platichthys flesus) in cages in the Humber estuary,
where two major British T10, factories are located.
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The area where fish died in cazes was snaller than that in Finland

because of better current conditions.
The Pori sea area contains a distinct- area around the effluent
pipe, where fish catches are relatively snall. The expelling effcct
reaches a distance of some kilometers from the place of
discharze. In this area the catches of Baltic herrinsz per effort
are about fifty percent smaller than in the Surroundinﬁs. The rela-
tive catch of bottom fish in the area of discharse is much smaller
than that of pelazic fishes. This is why, for example, eelpout
(Zoarces viviparus) and sculpins (Cottidae)are absent in this area.

In addition to the stationary hazard area we must take into consi-
deration, that the peculiar way in which sewase drifts from the
effluent pipe affects a noticeably larger area than the stationary
hazard area, in which tvansient local hazards appear. The location
and width of this area depend on sea currents. Thus the hazard
area changes its location continususly. Accordins to water analysis,
the effect in question reaches a distance of at least 10-~25 kilo-
meters dependiny on the direction from the effluent nipe. This
phenomenon is closelv connected with the ferric hvdroxide floats
in surface water. Precipitated iron has also been found to have a
clear expelling effect on fish when it has risen to the curfzce

as a result of strons winds and an upwelling of sea water.

The effects on bad taste ani odor and on heavy metal concentrations-
in fish

Sewase evidently does not impart a had taste or odor to fish.

This is, however, difficult to observe in the Pori sea area becausec
of the polluted Kokem#Henjoki River, which imparts a very bad taste

to all fishes. The river flows into the sea at Pori, close to the
location of the effluent pire of the TiNp factory. The concentrations
of some heavy metals (Zn, “In, Cr, Hg, Cd,Pb) are quite hish in the
water of the Kokeniienjoki River. In local fish it has been found,
however, .that at least the concentrations of chromium and zinc

in fish depend to a noticeable degree on the sewase from the tita-
nium dioxide factory.
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Figure

The observed minimum pH values

on the bottom layer in 1974,
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- Figure

The observed maximum iron
concentrations (mg Fe/l) on
the bottom layer in 197k,
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Figure 4.

The average catch of Baltic
herring (Clupea harengus) per
effort in test fishing nets
in 1974,
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Figure 5.

The average catch of four-
horned ‘sculpin (Myoxocephalus
quadricornis) per effort in
test fishing nets in 197k,

Y 5 10 km

.

L S NNy g
=TT TV TR
REFOSAARL T
& S
<2 o
we % ""\ Sromny
MANTYLUOTO q [Tl o s
Qi—/ J\, \S::”M' e EE

(3
} T

t t R . 200 (\:\., .
025 050 075 100 ° 150 2 S om0 Sy
- -ind/ net © , ! L3 \.{: AR

penmna A



ARt L AL i O

34,

he ave

N

Iy

P AR

25 g
1 1975

Y

\
]
K

R

AT

i
i

aseana vilv

e
La

S
-

i

e

10 hen

o)

153
4

3
;

»

§GOTA N



