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Histopathological changes in the mussel Mytilus edulis L. at the outlet
from a titanium dioxide plant in Northern Baltic
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A histopathological examination of a mussel sample (Mytilus edulis L.) from a
polluted bottom in the Bothnian Sea, off the town of Pori, was made. The sampling
station is situated near the outlet tube of a titanium dioxide plant. A control sample
was collected from an unpolluted area from the Bothnian Sea. The mussels in the
Pori sample had histopathological changes in their gonads and digestive diverticu-
las. Stomachs, intestines and kidneys showed an extensive physiological response to
their environment. Mussels in the Pori sample were in the breeding stage, though
the date of sampling (September) is outside the breeding period. The control mus-
sels were not spawning. The spawning of the Pori mussels was abnormal. In the
male follicles ripe sperm was cytolysed. The female follicles contained anomalous
ova, granulocytes and cellular debris. The plasma membranes of the ova loosened
from .the vitelline membranes. In the digestive diverticula there was no striated
border against the lumen of the tubules. The tubules were filled with exudate and
the digestive cells had erosion of the cytoplasm. The stomach and intestine epithe-
liums contained macrophages and granulocytes. The kidney tubules of some mus-
sels stained dark due to metal sequestration. There was excretion of macrophages in
the kidney tubules. The changes in the tissues of the mussels are considered to be
responses to an acid and heavy metal stress.

Inke Sunila, Department of Zoology, Division of Physiology, University of Helsin-

ki, Arkadiankatu 7, SF-00100 Helsinki

1. Introduction

The greatest loader of the Bothnian Sea (the
southern part of the Gulf of Bothnia) is a tita-
nium dioxide plant near the town of Pori (Fig.
1). Main discharges are sulphuric acid, ferro-
sulphate, titanium dioxide and heavy metals
aluminium, mangane, vanadine, , zing,
chrome, nickel and cobolt. The discharge
waters are conducted in outlet tubes 4.7 kilome-
ters from the shoreline at a depth of 17 meters.
pH of the discharge water is 1 and it contains
17 g/1 of ferrous sulphate (Hikkild 1983). In
the open shore off Pori mixing of sea water is
efficient and the area, where undiluted waste
water is found is limited (Hakkila et al. 1978).
A 3 km’® bottom area adjacent to the waste
outlet is covered with TiO;-mud from the
outlet tube. Ferric hydroxide flakes cover the
bottom in an area of some 120 km®. Since the
density of the waste water (1.1 g/cm’) is greater
than that of the brackish water (1.005 g/cm’),
it keeps close to the bottom and clides on the
bottom to a wider area. Spreading of the waste
water depends on the weather conditions.

According to benthic fauna investigations
very polluted bottom, with no or few bottom
animals, is found in an area of 8 km? around
the waste discharge. Polluted bottom, with
very low densmes, biomasses and number of
species, is found in an area of 18 km’. Just
around the outlet tube there is a bottom area
that is continuously exposed to the discharge
waters. Around this there are areas that are
occasionally exposed to poorly diluted waste
waters (Hakkila et al. 1978).

The Pori sea area is also affected by the pol-
luted water from the river Kokemienjoki. The
pollution of the river is considered to be or-
ganic, increasing the densities and biomasses
of the bottom animals. The river water spreads
in the surface waters and dilutes relatively
soon. Plain eutrophication in coastal sea
water is restricted to a narrow belt. In winter
the river water spreads under ice to a wider
area. The pollution of the river water appears
e.g. as low oxygen content, high heavy metal
concentrations and high contents of bacteria
and oxygen consuming organic matter (Hzakki-
14 et al. 1978).
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Fig. 1. A map over the sea area off the town of Pori. The
darkest areas represent the most polluted parts, according
to the benthic fauna investigations (from Hakkila 1983).

Benthic fauna investigations at the study
area are based on ecological on/off-monitor-
ing. The physiological state or the histopatho-
logical status of the animals still living in the
area has not been investigated. It has been
claimed that the eye pathology observed in the
Bothnian Sea herrings as well as the diminish-
ing of trawl catches are due to industrial eff-
luent from the titanium dioxide plant in Pori
(Jarvinen 1982). Histopathological and bacte-
riological examinations do not provide suffi-
cient support for this hypothesis (Bylund
1983).

The International Mussel Watch is a pro-
gramme that uses the common mussel (Myti-
lus edulis or M. californianus) for monitoring
marine pollution. This programme is used for
detecting heavy metals, oil, halogenated hy-
drogarbons and transuranic elements. Its
methodology consists of measuring the bio-
accumulation of the pollutants, conducting
physiological tests in the laboratory and final-
ly histopathological analysis (Goldberg 1980).

Histopathological examination 1is per-
formed to evaluate the health of an organism
as determined by the morphological changes
in the cells and tissues. The most useful are
specific stress indicators, changes in the tissues
that are caused by certain, known pollutants.

Amount of accumulation of a certain pollu-
tant does not reveal its influence on the health
of the organism. Stress indicators, detected in
histopathological preparations, reveal minor
disturbances in the organism. Besides straight
effects of the pollutants to the tissues the de-
fensive capacity of the mussels descends due to
the stressing effect of the pollutants, after
which they are more liable to parasitic and
microbial infections. The use of the histopatho-
logical monitoring using the common mussel
as a test organism is most reasonable when
questions concerning local pollution are to be
resolved, an advantage gained by the sessile
nature of the organism.

2. Material and methods

2.1. Sampling stations

A Mytilus sample was taken the 18th of September 1984
about 30 meters south-east from the shore of the reef Kai-
jakari by a drag (depth 5—6 meters), location 61°37’N
21°10’E from a stony bottom. The sampling station is
located 6 km from the outlet tube of the titanium dioxide
plant. The reef Kaijakari is situated at the border line,
south of which low pH and high iron concentrations,
indicating the field of effluence of the plant, can be detect-
ed from surface waters, but north of which the sea water
does not differ from the unpolluted parts of the Bothnian
Sea (Hiakkila 1981). The concentration of iron in near-bot-
tom water near the sampling station can rise above 1 mg/1
(Lehtonen, 1976). Under certain climatic conditions the
discharge waters drift north toward Kaijakari also in the
surface waters. The sampling place represents a belt that
is occasionally’exposed to the discharge waters (Hakkild
1981). No bottom fauna analysis of this point is available
since it represents a hard bottom. Soft bottoms around the
sampling point represent semipolluted bottoms (Hiakkili
etal. 1978). Measurings of iron concentrations or pH from
the water phase just above the sampling station are not
available.

According to bottom sediment studies the highest heavy
metal concentrations in this area can be detected in the
hollows west of Kaijakari (eg. Fe 10—15%, Ti 2%, Vn
160—490 mg/kg, Zn 250— 350 mg/kg), these values being
higher than just outside the outlet tube (Hikkil 1980).

In the hollows a perfect destruction of the bottom fauna
is possible, when poorly diluted discharge water enters
there. Such a phenomenon has happened in 1978 west of
Kaijakari and signs of a similar reaction are seen in the
south-western hollows of Kaijakari. This incident was
due to disturbances in the outlet tubes, after which waste
water with pH 2 and iron concentration of 200— 300 mg/1
stopped in the hollow for a week (Hzkkili 1981).

The sampling station is in the field of influence of the
river Kokemienjoki. This heavily polluted river flows to
the sea via two main routes. The other route, carring
about 2/3 of the river water, flows through the sound of
Reposaari and turns north between Kaijakari and Repo-
saari (Hakkild et al. 1978). According to Hikkila (1983)
the sampling station in regard to the effects of the river
water belongs to class IV, in which the effects of the river
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water rapidly decrease and appear as a slight eutrophica-
tion in the surface waters.

A control sample was taken during the same day from
an unpolluted “area from the Gulf of Bothnia. This
sampling point is situated 70 kilometers south of the Pori
sampling station near Pyhiamaa (60°00’N 21°14’E). The
sample was collected by a drag near scars north of the
island Pitkidluoto. Bottom consisted of gravel and mud
(depth 5— 6 meters).

The Pori sample consisted of 59 specimens. They were
externally normal. Shells were covered by Balanus impro-
visus and Electra crustulenta. 6 specimens were in poor
condition, with slimy and flabby tissues. Mussels in the
Pyhidmaa sample (36 specimens) looked healthy.

2.2. Histological methods

The mussels were prepared 15 minutes after sampling
and fixed in Helly’s fixative (Barszcz & Yevich 1975). 8 um
thick sections were stained with Hematoxylin— Eosin.
Since there were no mature gametes in the mussels in the
sample from Pyhidmaa, control photographs from the
gonads (3A, 3B and 4A) were taken from a sample near
Tvirminne Zoological Station, the southern coast of Fin-
land, during reproductive period.

3. Results

Mussels collected from the polluted area off
Pori were in poor condition and showed many
pathological features. Histopathological find-
ings were restricted to the gonads and the di-
gestive diverticula. The stomach, the intestine
and the kidney showed an extensive physio-
logical response. In contrast the gills and
muscles, as well as other tissues, were in good
condition. There were no more signs of parasi-
tic or microbial infections or granulocytomas
in the Pori sample than in the control sample.

3.1. The gonads

The Pori sample was in the breeding stage.
The developmental stage of the gonads was
classified according to Seed (1969) and they
were grouped as developing, spawning or
spent. Results are summed in Fig. 2. During
the breeding period genital canals ramify from
the gonads to all tissues except foot, gills,
muscles and the dorsolateral walls of the peri-
cardium. Ciliated canals terminate in follicles,
in which ova or sperm develop from germinal
epithelium. Ovocytes are attached to the fol-
licle epithelium and loosen when mature (Fig.
3 A). In an ovum under light microscope a
vitelline membrane and a plasma membrane
with microvilli are seen. Inside cytoplasm
there is a large nucleus with chromosomes and

PYHAMAA

[ | spent

D spawning

developing

Fig. 2. The breeding stage of the mussels in the Pori and
Pyhidmaa samples in September. The proportions of de-
veloping, spawning and spent specimens expressed as
percentages encircled.

a prominent nucleolus, sometimes secondary
nucleoli (Fig. 3 B). In the male follicles sper-
matogonios lie immediately adjacent to the
basal lamina. The cells differentiate progres-
sively from the basal region of the follicle to
the lumen. Next to lie spermatocytes and ma-
ture sperm nearest to the lumens of the fol-
licles (Fig. 4 A).

The spawning of the Pori mussels was ab-
normal. Female gonads were in a poorer con-
dition than the male gonads. In the male go-
nads sperm developed but ripe sperm were cy-
tolysed (Fig. 4 B). In some cases the male folli-
cles were filled with granulocytes and no
spermatogenic elements existed (Fig. 4 C). The
female gonads were filled with anomalous ova,
granulocytes and cellular debris (Fig. 3 C).
The plasma membranes loosened from the vi-
telline membranes of the ova as the cytoplasm
shrank (Fig. 3 D).

The gonads of the mussels from Pyhimaa
represented normal gonads outside breeding
season. There were no ripe gametes and the
genital canals were replaced by connective
tissue cells.

3.2. The digestive diverticula

The digestive diverticula of the mussels con-
sists of blind tubules that ramify from the di-
gestive tract. The walls of the ducts consist of a
single, ciliated, columnar epithelium. The di-
gestive tubules (Fig. 5 A) consist of digestive
cells with vesicles and basophil cells with api-
cal granules (Thompson et al. 1974, 1978).
The tubules show a great variability according
to the feeding rhythm, ranging from thick-
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Fig. 3. Female gonads. — A. Control. Developing ovocytes in female follicles in the mantle of the mussel. Ovocytes are
fastened to the follicle epithelium and loosen when mature. Scale bar 100 um. — B. Control. Greater magnification of
developing ovocytes in female follicles. The ovocytes are surrounded by vitelline membranes, under which lie the
plasma membranes. In the ovocytes a large nucleus, chromosomes and a nucleoli are seen. Scale bar 25 um. — C.
Abnormal spawning in the mussels from the sample off Pori. The female follicles are filled with anomalous ova,
granulocytes and cellular debris. Scale bar 100 um. — D. Abnormal spawning in the mussels from the sample off Pori.
Greater magnification of developing ovocytes in female follicles. The cytoplasm of the ova has shrunken and the plasma
membranes loosen from the vitelline membranes. Scale bar 25 um.

walled tubules with narrow lumen to wide
thin-walled tubules (Langton 1975).

Digestive tubules of the Pori mussels were
not regular: cells were unequal in size and
there was no striated border against the lu-

mens. The lumens of the tubules contained;.

eosinophilic exudate and pinchings from the

digestive cells (Fig. 5 B). The digestive cells
had erosion of the cytoplasm and contained
yellow-staining granules. The columnar
epithelium of the ducts has become either a
metaplastic cuboidal or squamous epithe-
lium.
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3.2. The stomach and the intestine

The epithelium of the intestine (Fig. 6 A
and B) and stomach (Fig. 7 A and B) contained
lot of macrophages and granulocytes. These
cells formed large foci on the basal lamina of
the epithelium. The lumens in the digestive
tract were filled with foreign material.

3.3. The kidney

Most of the kidneys were normal, but
showed an extensive physiological response to
their environment. The normal epithelium of

Fig. 4. Male gonads. — A. Control. A male follicle with
spermatogenic cells near the follicle epithelium. Ripe
sperm lies nearest to the lumen of the follicle. Scale bar
100 pm. — B. Abnormal spawning in the mussels from
the sample off Pori. There are granulocytes in the middle
of the follicles and ripe sperm is under cytolysis. Scale bar
50 um. — C. Abnormal spawning in the mussels from the
sample off Pori. Part of the male follicles are entirely
filled with granulocytes. Scale bar 100 um.

the kidney is columnar filled with light brown
granules. Upon exposure these granules may
become dark brown, gray or black, as in some
cases in the Pori sample (Fig. 8). Extensive
excretion of macrophages could be seen in the
kidney epithelium.

4. Discussion

At the date of sampling the mussels should
not be in the breeding stage. The reproductive
cycle of Mytilus in the northern Baltic has
been investigated by Sunila (1981) and by
Kautsky (1982). The most inactive period is
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Fig. 5. Digestive diverticula. — A. Control. Pyhimaa. Digestive tubules are lined with a single, striated epithelium.
Nuclei of the digestive cells are situated at the proximal ends and the apical ends are filled with vesicles. Scale bar 50 um.
— B. Abnormal digestive tubules in the mussels from the sample off Pori. There is erosion of the cytoplasm of the
digestive cells. The lumens of the tubules contain exudate and pinchings from the digestive cells. Scale bar 50 um.
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Fig. 6. Intestine. — A. Control. Pyhimaa. A cross section of the intestine. The walls are lined with a single, cil‘iated,
columnar epithelium, which forms a typhosole in the lumen of the intestine. Scale bar 100 um. — B. Intestine in the
mussels from the sample off Pori. There were a lot of granulocytes and macrophages among the epithelial cells of the
intestine wall. The hemocytes form large foci on the basal lamina of the epithelium. The intestine is filled with foreign
material. Scale bar 100 um.

from August, after spawning peak in the
summer, to October, after which gametogene-
sis begins. First ripe gametes appear in the fol-
licles in February (Sunila 1981). The Pori
mussels were in the beginning of their spawn-
ing: developing stages dominated (Fig. 2). In

the Pyhimaa sample the gonads were in the
resting stage. After Bouxin (1956) mussels can
be induced to spawn by a sudden phenomen,
e.g. chemical stimulation.

The deviating structure of mature ova in the
Pori mussels reflect their response to the low
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Fig. 7. Stomach. — A. Control. Pyhdmaa. The epithelium of the stomach (S) is seen in the right and a longitudinal
section of the intestine (I) in the left. Scale bar 100 um. — B. Stomach in the mussels from the sample off Pori. It is filled
with foreign material (in the right). There are granulocytes and macrophages among the epithelial cells (S). In the left
tubules from the digestive diverticula are seen (D). Scale bar 100 um.

Fig. 8. Kidney. Kidney tubules in the mussels from the
sample off Pori. The epithelium stains very dark because
of the metals sequestered in the kidney cells. In the kidney
tubules amebocyte excretion is seen. Scale bar 100 um.

pH of their environment. The effects of hyper-
tonic solutions on the ova of Mytilus have
been studied by Humpreys (1962) by electron
microscopy. Hypertonic sea water caused the
main cytoplasmic mass of the egg to shrink
away from the vitelline membrane, the latter

exhibiting no osmotic properties.

At the end of the spawning season, some
cytolysis in the male follicles is normal. Expo-
sure to copper and cadmium in the laboratory
induced migration of granulocytes to the male
follicles and cytolysis of ripe sperm (Sunila
1984). In the Pori mussels, cytolysis in the fol-
licles was more vigorous than in the aquaria
tests in exposure concentrations 0.8 mg/1 (24
h) of copper or 8.0 mg/l (24 h) of cadmium.
Cytolysis during normal reproductive period
occurs in residual gametes after the discharge
of sperm to the seawater has occurred. In the
Pori mussels all ripe sperm in still developing
follicles was surrounded by granulocytes and
cytolysed.

Histopathological changes in the digestive
diverticula of the Pori mussels resemble those
described by Calabrese et al. (1984). After a
long-term exposure to copper the ducts were
lined with a non-ciliated cuboidal or squa-
mous epithelium, instead of a ciliated colum-
nar epithelium. The tubules were dilatated
and contained a pink-stained exudate in their
lumens.

The kidneys of some of the Pori mussels
were dark. Chemical and histopathological
analysis have indicated that the excretory pro-
ducts of the kidneys are representative of the
environment to which they are exposed. The
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kidneys can serve as biological monitors for
these particular areas (Yevich 1980). In Myt:-
lus the kidney mass consists of tubules. The
epithelial cells of the tubules fill up with
many fine granules. As the exposure increases,
the cells become filled up with these granules.
The cytoplasm appears to form a bud which is
released as a vesicle into the lumen of the tu-
bules from which it is excreted into the water
through the urinary pore. Concretions of coa-
lesced cytoplasmic bound granules and mac-
rophages are found at times when the animals
are stressed. These macrophages, containing
metabolic byproducts and metals come to the
kidney epithelium via renal sinuses or the sur-
rounded tissues. George et al. (1982) have
shown the particulates in the kidneys to be
metals which are sequestered by phagosomes
in the kidney cells.

Mussels in polluted areas often show heavy
infestation with parasites (Yevich & Barzsz
1983). Granulocytomas also characterize mus-
sels of polluted areas (Lowe & Moore 1979).
There were no differences between the sam-
pling stations in this respect.

According to Hikkila (1980), highest con-
centrations of heavy metals (cadmium, copper,
lead and mercury) in the study area in the clam
Macoma balthica were found in the field of
effluence of the river Kokemienjoki. On the
silty bottoms adjacent to the outlet tube, the
metal contents of the clams were generally
lower corresponding to those found in unpol-
luted areas of the Gulf of Bothnia. As the sam-
pling station of this study is located on a hard
bottom in the middle of the highest accumula-
tions of heavy metals in the clams, the exposu-
re to heavy metals can be considered to mainly
originate from the river Kokeméenjoki. High
concentrations of iron, titanium and vana-
dium in the study area characterize the waste
water of the titanium dioxide plant (Hakkila
1980). The effects of titanium or vanadium on
the mussel Mytilus edulis have not been des-
cribed. As yet no histopathological changes
have been associated with the effects of iron in
Mpytilus. The iron concentrations in Macoma
balthica in the Pori area are two times higher
than in southern Bothnian Sea (Hakkild 1982).
Contents of heavy metals in benthic crustacea
in the Bothnian Sea, off Pori, have been inves-
tigated by Sandler (1983). Exceptionally high
heavy metal concentrations were not observed

in the Pori coastal sea area. Kaitala (1981), in
his studies of the estuaries of Finland found
elevated copper concentrations in Mytilus off
Pori. Concentrations of heavy metals in Myti-
lus in the estuaries of the Bothnian Sea were
investigated by Hakkila (1982). The concentra-
tions of titanium and vanadium grew higher
when getting nearer to Pori.

Laboratory tests have been conducted on the
effects of sublethal concentrations of the dis-
charge waters of the titanium dioxide plant on
fishes (Lehtinen 1980). Brown deposits were
observed in the gills of the exposed fishes. The
x-ray analyses revealed that the deposits con-
tained high amounts of iron and titanium.
The histopathology of the gills was not stu-
died (Lehtinen & Klingstedt 1983). The gills of
the mussels in this study showed no histopa-
thological changes.

The toxicity of the discharge waters of the
titanium dioxide plant on crustacea (Idotea
balthica, Pontoporeia affinis and Gammarus
sp.) and a clam (Macoma balthica) has been
studied by Hakkil4 (1978). The toxicity of low
pH and high contents of ferrous sulphate in
brackish water have been studied by Bagge &
Ilus (1975). Mussels (Mytilus edulis) tolerated
discharge waters with these properties better
than other tested animals. TL 50 (tolerance
limit, 24 h) was 1000— 1300 mg/l of ferrous
sulphate and of pH 1.8.

The results of the histopathologic examina-
tion of the animals collected for the Mussel
Watch Program in the USA are described by
Yevich & Barzcz (1983). Mussels collected from
the East Coast were in poorer health than
mussels along the West Coast, especially mus-
sels collected from areas of great population
densities and industrial activity.

High prevalences of proliferative disorders
in molluscs have been described e.g. by Farley
(1969), Christensen (1974), Barry & Yevich
(1975), Mix (1976), Lowe & Moore (1978), Ye-
vich & Barzcz (1977) and Cosson-Mannevy et
al. (1984), these cases mostly being associated
with some chemical insult.

Histopathologic analysis when studying
pollution problems in a brackish water area
seems very promising. The Baltic Sea is more
heavily loaded with organic and heavy metal
wastes than the estuaries in true marine cir-
cumstances. The low salinity brings an addi-
tional stressing factor to the marine orga-
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nisms. However, little is known about chronic
histopathologic effects of pollutants in brac-
kish water. More laboratory tests must be conducted
and work done to applicate these research re-
sults to real environmental problems.
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