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Finlands only titanium dioxide factory is 10cated in the

Borough of Pori. Production be~an in 1961, when the production

capac ity t'la s only 20 % of the capac ity in 1974. The 8.IDOunt

of sewa~e at present is about 10 000 cu.m. per day. Sewage in

1974 contained about 4 %FeS04 ' 3 % H2so4 ' 0.3 %Ti02 and
smaller amounts of some other comoounds, far example some

heavy metals (~1n, Zn, V, Sb, Cr, H~). The total amount of

FeS04 is about 380 tons per day. The sewa~e is discharged
into the sea through three pipes with an ' inner diarneter"df

315 mrn to a distance of about 4.7 km fro"1 the ,shore to a depth

of 17 rn. The bottorn of the sea is quite flat at this spot and the

depth of the water incre8.ses very evenly on a ~radu:,l slope

i·lithout lar~e isolated basins. Only srnall , shall01l1 basins

have been found near the mouth of the effluent pipe.

The sewage containin~ FeS04 and H2S04 has a direct effect on
the sea vlater in the foll01"1inp; 1'!ay (\'1EICHART 1972, HESPITAL

1973, RACHOR & DETHLEFSEN 1974):

1. The pH valu:e of the sea water decreases due to the sulfuric

acid. The acid usually weakens very quicly. The concentrations
2- " "of CO 2 and S04 lncrease ln water.

2. The concentration of iron increases in the sea water. The

F ++ " ·d" F 3+ . d "" f" 1 d"e lons OXl lze to e lons an preclpltate as lne y 1-

vided hydroxide. This increases the turbidity of the 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 oxy~en in sea water decreases hecause of

oxidation from FeSo4 to Fe(OH)3.
The effects ofsei·ra?;e have been studied in 1965 (Oy Keskuslabo

ratorio -Central1aboratoriet Ab 1968), in 1971 (SEPPÄNEN & SH~tEIK

KA}Ul'J-Q72(~'lerentutkimuslaitos 1973) and in 1973-1975 by the Finnish
Game and Fisheries Research Institute, Fisheries Division. This

study has contained e. g. an extensive test fi shin,,; and l"ater
quality 'control pro~ram, incubation of rainboi'l trout in n et cages, .

studies, on the conta'1lination of fishin-::; gear, fishery interviews,

zooplankton studies, studies on bad taste and odor in fish and

studies on the a~~t~ulation of so~e heavy metals in fish (H;, Cd,
Zn, Cr, Sb). This paper is a summary of the biolo~ical part of

~ this study.

The weakenin~ of sewa~e in sca watcr

•

Normally se\'rage \<Ieakens very quickly after it has bcen dischar~ed

into the sea. The density of sewa~e is about l~l/cu.cm. and
it is thus heav1er than sea water (dcnsity about 1.004/cu~ cm).,

Consequ=.ntlY sewa~e stays on the bottcm layer. Sometimes, however,
quite undiluted scwa~e flows as a n~rrow current from the place

of diseharßc. Such sewage can be found at a distance of at least
'10-15 km fram thc place of dischar~c. The concentration of iron

has becn found to be over 100 mg/l and the pH vnluc under 3 to a

distance of over 5 kn fr~ thc place of diseharge. Jn such water
the oxy~en sIturation percentage is al rost 0 %. Usally the situ

ation is better und thc afore'1lentioned condition oceurs cnly vcry

close to thc nouth of the effluent pipe.
At thc eoastline the concentration of iron in water was found to

have doubled from 1964-1965 to 1971-1972, with an average value of
0,8m~/1 in 1972. In Slli~'1ler thc eonecntration has been clcarly
lower than in winter~

The prce:l'>itated iron dcposits on thc bottom scmeti'1lcs rise to

thc surface i'later in connection with an up'\ITelling of the sea, ~i

ving a r~sset color to the watcr. Thc iron conccntration in sucn

iron floats has bcen fuund to be 0,39-2,24 m~ Fell and the pH
valuc 6,9-7,9.
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Effects on phytoplanl~ton emd priT11ary production

SALONEN(1973) ami Kol-::emäenjoki '!.'late:,course lmte~ pollution contro1

association (1975) have fc.und slio;htl;v smaller pr:imary production

values in the. area of dish:.:r~e than in the surre,ndin1 sea arcas.

Effccts on ~~')oplanl{ton

Harmful cffects of acid-iron 'l'Tastes have already been fcund for

exalT',plc by REDFIELD (( FALFORD (1951) KETCHU~1 et ale (1958),

VACCARO et ale (1972) and GTI~CE ct ale (1973). The effects on the

marine envirol'l"1ent ht:l.'lc, l101\'ever been very sli~ht. Sea current s

transfer zooplankton rapidly fro:n one place to anothcr and the

harHful effect s are difficul t to detect. In o;eneral the efrect s

of se't';a~e on ~~ooplanl{ton are sli~ht.

Effects on benthic fauna

The harmful effccts are "lIO.st clcarly seen in benthic fauna. In

the POl'i sea a1"'ca there is a clear correlation bet1'l'een the nl~.,bcr

,;',nd bic:nass and thc distancc fro"l1 the place of dischar-Se (SE?Pl~rJE!J

& SHE"mIKK.l\. 1972). The dead area has a dimnetcr nf about 2 km.

The mouth of the effluent pipe is in the niddle of this area. Out

side this district thc bottom f'auna is nOrr.lal in thc l1ulf of

Bothnia.

Effccts on fish eo;~s and spaT~:nir.g grcnnds

The effects of sewa~e on fish co;o;s and spaHnin~ ~rcunds were studied

by inc'.;l:)j.tin~ thc c~~s of pilce (Esox lucius )and Hhitefish (Core

-;onns lavarctus) in cylindrical ca~cs. The c"';"';s turned bro\'mish

naar thc place of dischar~c. In labortory tests on herrin~ e0;1s

KINNE & ROSENTHAL (1967) fOUnd that thc bro~mish laycr prevents

the ~as exchan~e between thc e~~ and thc surrou~din~ ~edium. Thcy

describe thc effects of SC1'!2J~e in the follovlin",; 1-my: "Undcr cOl1c.i

tions of ma.'<:i'llll'11 test medium effec iviness, percentar,;es of stlcces::;"

ful fertilisat:'on nnd cf esr: survival are considcrably reduced,

diameter of fertilized e~~s remains smaller, e~bryonic ~rol~h rate
is retarded while the 'heart frcqucncy tends to increase,
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duration of incubation is shortened; percentage of successful

hatching decrases and structural abnormalities of freshly hatched
larvae increase."

In the Pori sea area the pike eg~s developed to larvae at a spot
about 1 km ,from the place of dischar~e, even if the eg~s l'mre a
little bro,~er before castinß than the eg~s in the eontrol places.
Unfortunately, it was hot possible to grow the larvae to see if
they were able to develope more fully. The eggs of whitefish tur
ned bro~m at a distance of 3.5 kffi from the place of discharge~

It can be estimated that eg~s turn brOlmish to a distance of about
5 km from the mcuth of the effluent pipe. This area has important

spawning grounds of Baltic herrinr; (Clup8a .h~renGus) and l'1hitefish
(Cor8gonu s sp.).

Effects on adult fish

Laboratory test of the effecus of acid-iron wastes havc been made
for example by R~LSBAND (1968), KINNE & SC~lANN (1968) and
SEPPÄNEN & SHE',mIKKA (1972). 'rhe toxie effects appeared in all these,
tests but the lethaI concentration depends on thc concentrations of
FeS04 and H2S04 in the primary solution of sewage. According to
SEPPÄNEN & SHE~1EIKKA (1972) a mortality of fifty percent "las found

I in perch (Perca fluviat;.ilis) and younF; whitefish (Coregonus la

varetus)in concentrations more than 1:200 during an ineubation
period of 96 hours. Sli~ht poisonous effects eould still be found

.. in a concentration of 1:500. The coneentration of FeS04 and
H2S04 in seilTage of the }'innish fio2 factory is about '3-4 times
smaller than it is in most factories in the world. In 1974 rainbow

trouts "lere incubated in net eages in the Pori sea : I, ,

area. The plaees where fish died because of acid-iron wastes are
sho\'1U in fig. 1. This area is at least 5 kn to the west of the
place of discharge. Test fishing nets onee eontained one ruff
(Aeerina eernua) destroyed by aeid-iron wastes at a distanee of
12 km from the plaee of disehargc. All fish killed by sewage were
close to the bottorn In surfaec water the fish weresimilar to boilcd
fish and deeomposcd easily llhen touehed. \HLSON & vlHITE (1974) kept

flounders (Platiehthys flesus) in eages in the Humber estuary,
Nhere tl10 maj or British Ti02 factorie s are located.
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The area where fish died in ea,,;es was S'Tlallcr tihnn that in Finland

beeause of better eurrent eonditions.
The Pori sea area eontains a distinet- aren around the effluent
pipe, where fish eatehes are relatively &~all. The expellin~ e~fcct

reaehes a distanee of some kilo~eters from thc plaee of
disehar~e. In this area the eatehes of Baltic herrin~ per effort
are abo~t fifty percent smaller th~n in the surrotndin~s. Thc rela
tive eateh of bot tom fish in the area of disehar~e is mueh smaller
than that of pela~ie fishes. This is why, fo~ example, eclpout
(Zoarees viviparus) and seulpins (Cottidae)are ahsent in this area.
In addition to the stationary hazard area we ~ust take into eonsi
deration, that the peeuliar way in whieh sewa~e drifts fro~ the
effluent pipe affeets a notieeably larser aren. than the ntationary
hazard area, in whieh tvansient loeal hazards appear. The loeation
and lddth of this area depend on sea eu!'rents. Thun the l1azard
area ehan~es its loeation eontinu:>usly. Aeeordin~ to l\Tater anal;rsis,
thc ~ffeet in quest ion reaehes a distanee of at least 10-25 kilo
meters dependin~ on thc direetion from the effluent oipe. This
phenomenon is elosely eonneeted ",rith the ferrie hydrox ide flont s
in surfaee water. Preeipitated iron has also been found to havc a
elear expellin~ effeet on fish when it has risen to the curf~ee

as a result of stron~ "rinds and an upwellin,:; of: sea water.

The effeets on bad taste and odor and on heavy metal eoneentrations
in fish

Sewa~e evidently does not i~part a had taste or odor to fish.
This is, however, diffieult to observe in the Pari sea area bceausc
of the polluted KokemKenjoki 'I1iver, Nhieh impart.s a ver~7 bad taste
to all fishes. The river flo~s into the sea at Pori, elose to thc
loeation of the effluent pine of the Ti02 faetory. Thc eoneentrations
of some heavy metals (Zn, "ln, Cr, H?;, Cd,Pb) are quite hic;h in the
1-vater of the Kol:ellHenjoki River. In loeal f:i..sh it has bcen fOJlnd,
howeve~,that at ~east the eoneentrations of ehroniu~ and zinc
in fish depend to a notieeable de~ree on the Se1'la~C fro"ll the t:i.ta
nium dioxide faetory.
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