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Effect of pulp and paper mill effluent (BKME) on physiological
parameters of roach (Rutilus rutilus) infected by the digenean
Rhipidocotyle  fennica
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Abstract. Physiological parameters were measured after experimental infection of roach (Rutilus rutilus L.) with Rhipidocotyle
fennica Gibson, Valtonen et Taskinen, 1992 (Digenea) cercariae. The fish were caught from two lakes: a eutrophic bleached
kraft mill effluent (BKME)-contaminated lake and an oligotrophic unpolluted lake. The intensity of infection was followed up to
10 days post infection (p.i.) and physiological parameters indicating non-specific stress responses and the condition of fish were
examined simultaneously. The mean abundance, the number of parasites per fish, of R. fennica was significantly higher in the
fish from the contaminated water during the first two days p.i., probably reflecting the decreased resistance of these fish to
infection. The decrease of leukocrit, as well as the increase of the activity of transaminases (GOT and GPT) in infected fish of
both groups are suggestive of pathological processes caused by cercariae penetrating the fish. A significantly lower leukocrit
value, as well as higher alkaline phosphatase activity and plasma chloride levels were noted in fish originating from the
contaminated lake compared to those from the unpolluted lake. No significant differences were noted in haematocrit, plasma
protein and calcium values between the fish from the uncontaminated and contaminated lakes, or between the infected and
uninfected control fish.

Chlorophenols, fatty acids and resin acids are the
main acutely toxic and bioaccumulating compounds in
bleached kraft mill effluents (BKME). Resin acids, like
dehydroabietic acid, are released in both chemical and
mechanical pulping (Oikari and Holmbom 1986,
Granberg 1992). Inorganic nutrients from debarking
cause eutrophication and organic compounds are also
released, such as sugars and lignins which increase the
biological oxygen demand load (Pajula and Matinvesi
1984). BKME has a wide range of effects in fish living
in contaminated water areas. Typical symptoms in fish
include reduced gonad growth, delayed maturity, liver
enlargement, enhanced growth and strong induction of
hepatic cytochrome P-450 dependent EROD (7-ethoxy-
resorufin O-deethylase) activity in addition to fin
erosion and operculum deformities (reviewed by Tana
and Lehtinen 1996). The immunological response of
roach is impaired also due to BKME. Jokinen et al.
(1995) found that serum immunoglobulin levels de-
creased significantly in two months in roach transferred
to the contaminated Lake Vatia when compared to the
fish kept in unpolluted Lake Peurunka. In addition, in
immunised roach, the antibody secreting cell response
was lower and antibody titres increased more slowly in
the exposed fish indicating a weakened response to the
antigen after subchronic exposure of roach to BKME.
Jeney et al. (1996) found decreased lymphocyte
numbers in blood of roach collected from contaminated
Lake Vatia when compared with roach from uncon-

taminated Lake Peurunka. In Central Finland a mass-
infection with larvae of the digenean trematode,
Rhipidocotyle fennica Gibson, Valtonen et Taskinen,
1992, was observed mainly in the fins of roach in two
eutrophic lakes downstream of the contaminated lake,
where the effluent was already diluted significantly
(Granberg 1992), but not in the contaminated lake due
to absence of Anodonta piscinalis, the molluscan inter-
mediate host of R. fennica (Valtonen et al. 1997).

Our aim was to investigate whether the fish from
Lake Vatia, contaminated with BKME, are more sus-
ceptible to the infection by trematode cercariae than the
fish from the uncontaminated lake. The roach collected
from contaminated and uncontaminated lakes were
infected experimentally by Rhipidocotyle fennica
cercariae. The experiments were conducted also to
determine the effects of a mass penetration of cercariae
through the fins and skin of roach. For this purpose
certain physiological parameters were selected to
determine the condition of roach during the infection.
To characterise these changes clinical diagnostic pa-
rameters were used, established earlier for the common
carp (Jeney and Jeney 1987). Parameters were assem-
bled in such a way that they would characterise the non-
specific stress response (leukocrit values), general
condition of the fish (haematocrit, total protein and
calcium and chloride concentrations) and the specific
changes (activities of transaminases and alkaline phos-
phatase). The interaction of pollution, parasites and fish,
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especially physiological changes in the host are poorly
known, although a majority of fish are always parasi-
tised with some parasite species and anthropogenic
changes can be very common in some areas of water
bodies.

MATERIALS AND METHODS

Study area. Fish for the experiments were caught from
two lakes: Lake Vatia, which is contaminated by pulp and
paper mill effluents, and an oligotrophic and unpolluted Lake
Peu-runka. The lakes are in hydraulic continuity but the
connecting river is dammed, preventing fish migration from
Lake Vatia upstream to Lake Peurunka. For the history of the
pollution of Lake Vatia and the description of study area in
more detail see Valtonen et al. (1997). Briefly: chlorine was
used for bleach-ing pulp in pulp and paper mills at Äänekoski,
15 km north of Lake Vatia, from 1956 up to 1991. Active
sludge treatment of effluents started in 1985 and had
significantly decreased the biological oxygen demand loading
of the recipient water bodies. In 1991 the mill stopped using
elementary chlorine for bleaching. Lake Peurunka is larger
than Lake Vatia, which is more a river-like lake with a water
retention time of 3-4 days, compared to 3.4 years in Peurunka.

Experimental design. Adult roach were gill netted in mid-
July 1990 from each of the study lakes and were transported
to the laboratory. The two groups of fish were placed
separately into two 200-l aquaria in aerated tap water in order
to prevent the effect of differential water quality on the
emerging cercariae. Water in the aquaria was changed every
third day. Water quality parameters were: temperature 17-
19°C, oxygen 8-9 mg/l, pH 7.8-8.1, NH4-N 2.4-3.1 mg/l and
total N 1.9-2.4 mg/l. Roach were acclimatised to the
experimental conditions for 72 h before infection by
Rhipidocotyle fennica cercariae. A group of fish from each
lake were kept in separate aquaria as uninfected controls (n =
8 from unpolluted lake, n = 8 from polluted lake) and were
sampled prior to the infection and at the end of the experiment
on day 10 post infection (p.i.). The infection was carried out
using cercariae-producing clams (Anodonta piscinalis), which
were collected 2 months earlier from a nearby lake: 11
randomly chosen cercariae-producing molluscs were
introduced into each aquarium with fish (n = 15 from
unpolluted lake, n = 15 from polluted lake) at 18:00 and
removed at 14:00 the next day. The clams were changed once
between the aquaria to make the exposure of fish to emerging
cercariae identical in both aquaria. Infected clams produce
cercariae all day, maximum release occurring between 08:00
and 10:00 (Taskinen et al. 1991). Fish were sampled on days
1, 2 and 10 after the exposure to cercariae.

Sampling procedure. Fish were stunned by a blow to the
head, weighed quickly, and blood samples were collected
from the caudal vessel by means of heparinised syringe and
needle. Blood samples were kept on ice and centrifuged
promptly after collection. Parasites were then counted by
excising the fins and examining them on glass plates, using
transmitted light and × 10-40 magnification (Taskinen et al.
1991).

Analytical procedures. For determination of haematocrit
and   leukocrit  values,   blood  was  collected   in  heparinised

microcapillary tubes and centrifuged. Haematocrit was
expressed as a percentage of total blood volume. Leukocrit
was determined microscopically as a percentage of leukocytes
in total blood volume. Blood was centrifuged at 2,000 × g for
10 min. Plasma was separated and stored at –20°C. Plasma
calcium and chloride concentrations were determined by col-
orimetric method (Galenopharm, Switzerland). Total protein
content was measured by biuret method. The activities of
transaminases (GOT and GPT) were investigated colorimetri-
cally (Boehringer, Germany). Alkaline phosphatase activity
was determined by a colorimetric method (Merck, Germany).

Statistical analysis. Two-way multivariate analysis of
variance (MANOVA) was done to study the influence of
pollution level and the infection (=treatment) on physiological
parameters of roach. Due to earlier findings and knowledge on
the effects of pollution on the physiology and immune
parameters of fish, in the present experiment, the pollution
level (=lake) was handled as a block treatment of two-way
MANOVA.

RESULTS

All fish exposed to cercariae were successfully
infected with Rhipidocotyle fennica. Infection
(including time) and also the pollution level, had a
significant influence on physiological parameters
measured (Table 1). Intensity of infection increased
during the experiment and roach from the contaminated
lake showed a significantly higher mean abundance
after 1 and 2 days p.i. than fish originating from the
uncontaminated lake. However, there was no difference
between the two groups on day 10 p.i. No parasites
were found in the control fish (Fig. 1). Leukocrit values,
both in the infected and non-infected fish, were
significantly lower in fish originating from the
contaminated lake. Infection was associated with
significantly decreased leukocrit values as compared to
the non-infected control group (Fig. 1, Table 2). Plasma
protein concentrations were higher in control fish at the
onset and at the end of experiment, and also in infected
roach from the uncontaminated lake but the differences
were not significant (Tables 2, 3). Significant increase
in the activity of plasma transaminases (GOT and GPT)
was observed in both infected groups in relation to time,
with the clear peak values on day 2 p.i. (Fig. 2, Table
2). Significantly higher plasma alkaline phosphatase
activities were observed, especially on day 1 p.i., in
roach from the contaminated lake compared to those
from the uncontaminated lake but there was no relation
to the infection time (Fig. 2, Table 2). No clear changes
were found in haematocrit, although some lower values
were noted on day 2 p.i. in fish from the contaminated
lake (Table 3). No significant differences in plasma
calcium and chloride concentrations were noted in
relation to time, but between the fish from the
uncontaminated and the contaminated lakes plasma Cl-
ions had higher values in fish from contaminated lake
except on day 10 p.i. (Tables 2, 3).
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Table 1. The influence of experimental Rhipidocotyle fennica cercariae exposure on the physiological parameters of roach
(Rutilus rutilus) caught from a BKME-polluted and an unpolluted lake in Central Finland. The results are from a block
experiment (two-way MANOVA) where the block treatment is pollution level (lake) and the experimental treatment is time of
infection. Response variables are the physiological parameters in the plasma: haematocrit, leukocrit, total protein, calcium and
chloride concentration and the activity of GOT, GPT and alkaline phosphatase.

Effect Wilk’s λ F-statistics df p
Block
    (pollution level) 0.35 5.16 8, 22 0.001

Treatment
    (infection time) 0.06 2.94 32, 82 < 0.001

Interaction
    (block * treatment) 0.34 0.88 32, 82 0.649

Table 2. The influence of experimental Rhipidocotyle fennica cercariae exposure on the physiological parameters of roach
(Rutilus rutilus) caught from a BKME-polluted and an unpolluted lake in Central Finland. ANOVA results advised by
MANOVA process (see Table 1).

Block
(df 1, 29)

Treatment
(df 32, 82)

Interaction
(df 32, 82)Response variable

F p F p F p
Haematocrit 0.13 0.72 1.42 0.25 1.85 0.15
Leukocrit 8.41 0.01 3.51 0.02 0.33 0.85
GOT 1.38 0.25 22.00 < 0.001 0.36 0.83
GPT 0.21 0.65 15.90 < 0.001 1.28 0.30
Alkaline phosphatase 6.35 0.02 0.09 0.98 0.44 0.78
Protein 2.08 0.16 1.68 0.18 0.60 0.67
Calcium 1.18 0.29 0.35 0.84 0.48 0.75
Chloride 4.39 0.04 1.37 0.27 0.27 0.89

Table 3. Changes in haematocrit levels, total protein, calcium and chloride concentrations in the plasma of roach from
unpolluted and polluted lakes due to experimental infection by Rhipidocotyle fennica. The results are expressed as the mean ±
standard deviation.

Group Haematocrit
%

Plasma protein
mg/ml

Ca
mmol/l

Cl
mmol/l

Control, day 0
    unpolluted (n = 4)
    polluted (n = 4)

32.2 ± 3.5
34.0 ± 5.6

36.7 ± 8.7
38.1 ± 4.1

2.27 ± 0.37
2.54 ± 0.38

57.7 ± 15.1
67.4 ± 7.2

Infected, day 1 p.i.
    unpolluted (n = 5)
    polluted (n = 5)

33.8 ± 7.1
30.8 ± 3.8

33.9 ± 5.4
28.6 ± 9.0

2.68 ± 0.60
2.24 ± 0.30

52.0 ± 15.8
59.6 ± 23.9

Infected, day 2 p.i.
    unpolluted (n = 5)
    polluted (n = 5)

34.6 ± 4.6
25.6 ± 10.2

30.3 ± 10.0
29.2 ± 4.9

2.30 ± 0.55
2.14 ± 0.53

49.2 ± 16.2
66.0 ± 6.5

Infected, day 10 p.i.
    unpolluted (n = 5)
    polluted (n = 5)

29.1 ± 4.7
30.0 ± 2.5

33.7 ± 4.7
25.5 ± 9.5

2.44 ± 0.43
2.08 ± 0.12

72.1 ± 11.5
70.1 ± 3.1

Control, day 10
    unpolluted (n = 4)
    polluted (n = 4)

21.7 ± 5.1
28.7 ± 1.0

36.3 ± 9.9
33.3 ± 4.4

2.54 ± 0.51
2.39 ± 0.90

60.2 ± 11.5
72.2 ± 18.4

DISCUSSION

Our present study reveals that roach originating from
Lake Vatia contaminated with BKME were more
susceptible to penetration by Rhipidocotyle fennica
cercariae during the first two days after exposure than
the fish from uncontaminated Lake Peurunka. This is in
accordance with an earlier finding demonstrating that
the immune functions are impaired in roach originating

from the contaminated Lake Vatia (Jokinen et al. 1995).
In previous studies from the same area, a similar
explanation was suggested for the increase of the ciliate,
Ichthyophthirius multifiliis, infection (Valtonen and
Koskivaara 1994) and the increase in Dactylogyrus
species communities (Koskivaara et al. 1991) in roach
from contaminated Lake Vatia. Moreover, Barker et al.
(1994) reported that the prevalence and intensity of
metacercariae  of  Cryptocotyle lingua  on  the  fins  and
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Fig. 1. Effect of experimental infection by Rhipidocotyle
fennica. Mean abundance of metacercariae and leukocrit
levels in roach originating from the unpolluted (white bars)
and the polluted lake (black bars). Results are expressed as the
mean + standard deviation.

Fig. 2. Effect of experimental infection by Rhipidocotyle
fennica on plasma transaminases (GOT and GPT) and alkaline
phosphatase (AP) activities in roach originating from the
unpolluted (white bars) and the polluted lake (black bars).
Results are expressed as the mean + standard deviation.

gills of winter flounder (Pleuronectes americanus) in
waters adjacent to a pulp and paper mill were higher
than in the clean reference area.

Other studies have shown that increased prevalence
of protozoan ciliates is a sensitive indicator of several
pollutants (Khan and Thulin 1991), and this was also
shown experimentally by Lehtinen (1989). Both in-
creases and decreases in the prevalence of ectoparasitic
monogeneans have been noted in fish exposed to
various pollutants (Khan and Thulin 1991). In the
present study area, we have shown experimentally an
increase in Dactylogyrus species in the contaminated
lake (Bagge and Valtonen 1996), but a decrease in the
abundance of Dactylogyrus species communities when
the BKME concentration was increased above that
found in the lake (Siddal et al. 1996). It seems, there-
fore, that the effluents influence the parasite communi-
ties both through the immunological response and
condition of the host, although both affect also the
parasites themselves. To avoid the influence of water
quality on the emerging cercariae the infection in the
presents study was done in clean aerated tap water, not
in the water of each lake.

Infected clams in the present study were collected
from a single, nearby lake to eliminate potential effect
of different host races on the infectivity of the cercariae
caused by host-parasite co-evolution. Lively (1989) re-
ported, using cross infections, that cercariae-infected
hosts from their own location were more readily
infected than hosts from another site. In our study,
infection of the clam, Anodonta piscinalis, with R.
fennica was confirmed beforehand and the cercariae-
producing molluscs were divided randomly between the
two tanks. Finally the change of molluscs between the
two aquaria during the exposure ensured homogeneous
infection. The difference in the mean abundance of R.
fennica infections could also be due to genetic
differences be-tween the two populations of roach
(Lively 1989). This is unlikely, however, since fish in
this area were able to migrate between the lakes until
the connecting river was dammed in the 1960s.

Rhipidocotyle fennica cercariae live freely for only
24 hours and are infective to the roach (second
intermediate host) for a short period of time. After one
day p.i., no new cercariae penetrate the roach (Taskinen
et al. 1991). The abundance of the infection, however,
increased even after that time. This occurred because
newly penetrated cercariae were very transparent and
difficult to see but they are easier to detect after two
days. This could also explain the increase in mean
abundance on day 10 p.i. – the colouration of the cysts
had occurred and all parasites were clearly visible.

Stress caused by the attack of huge numbers of
penetrating cercariae was observed in the decrease of
leukocrit values in both fish groups, and the values were
always lower in fish originating from the contaminated
lake. In another of our studies, after exposure to raw
BKME for three days, the leukocrit value of roach
caught from a lake contaminated by BKME decreased
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more than that of the fish from an uncontaminated lake
(Jeney et al. 1996). In addition, leukocrit values de-
creased when roach from the uncontaminated site were
caged in the contaminated lake for three weeks. De-
creased leukocrit values support the previous data on a
connection between the increased parasitic protozoan
and monogenean infections and impaired
immunological response of roach in Lake Vatia polluted
by BKME (Valtonen and Koskivaara 1994, Jokinen et
al. 1995).

In the present study, there was no difference in hae-
matocrit between either groups. Haemoglobin values
might have been a better parameter for estimation of
stressed condition. However, Khan (1987) could not
find any decrease in haematocrit or haemoglobin in oil-
treated and parasitised cods. On the other hand,
Lehtinen et al. (1990) found a significant reduction in
number of red blood cells in trout exposed to 400 and
2000 times diluted effluent from conventional chlorine
bleaching.

The real destructive effect of penetrating R. fennica
cercariae on tissues of roach is seen most clearly in the
peak values of plasma transaminase enzymes two days
p.i. These enzymes are released into the plasma of fish
only when tissues are damaged (Nemcsok et al. 1981,
Jeney et al. 1984). Fish originating from the polluted
lake had a slightly higher GOT activity during the two
days p.i. The higher levels of alkaline phosphatase in
the blood of roach from the contaminated lake in both
infected and control fish indicated that the liver of the
fish was affected (Ozretic and Krajnovicozretic 1993).
It was interesting to note that, on the first two days after
infection, the activity of alkaline phosphatase in the fish
from the contaminated lake increased, although not
significantly, whereas in the fish from the uncontami-
nated lake the activity did not increase. The recovery of
the enzyme activity to pre-injection levels on day 10 p.i.
confirms that, at this stage of infection, parasites are
encysted and the wounds caused by penetration have
been healed.

The slight but not significant decrease in plasma
protein in both groups after the infection may be due to
the penetration of parasites. Low levels of plasma total
protein possibly have significance in the cases of
infectious disease, kidney damage, and nutritional
imbalance of fish, while high values may reflect
haemoconcentration or impaired water balance in

stressed fish (Wedemeyer and McLeay 1981). In the
infected fish originating from the contaminated lake, the
protein content remained decreased up to the end of the
experiment, which implies that the fish were still
affected by the infection.

Calcium and chloride concentrations generally de-
crease in cyprinids following exposure to different
stressors (Jeney and Jeney 1995). We found increased
chloride values in the roach from the contaminated lake
both in the infected and control fish although in our
previous experiments roach kept in the contaminated
and uncontaminated lakes for three weeks did not differ
significantly (Jeney et al. 1996). Oikari et al. (1985)
also reported that the concentration of plasma chloride
in rainbow trout did not exhibit significant changes after
21 days after exposure to BKME.

Our results suggest that roach from polluted lake
suffer from a general stress syndrome following
penetration of digenean cercariae. The success of a
parasite often depends on the state of health and
resistance of the host. Chronic stress can lead to
elevation of the cortisol level in the blood, with
resultant suppression of the immune system, and thus to
an increased likelihood of diseases and parasitic
infestation (Lehtinen et al. 1984, Pickering and
Pottinger 1989).

The results of the present study demonstrate that the
roach originating from contaminated lake reacted
ineffectively in the experimental exposure with parasite.
Penetrating cercariae caused more injury in the fish
from the contaminated lake than in the fish from the
uncon-taminated lake, and this was manifested in lower
levels of leukocrit as well as higher levels of plasma
GOT and GPT. Alkaline phosphatase did not change in
relation to infection although higher activities were
detected in the roach from the contaminated lake.
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