
Long-term development in a Baltic fish community exposed to bleached
pulp mill effluent

Olof Sandström* and Erik Neuman
SKUTAB, Skogsvägen 24, S-740 71 Öregrund, Sweden; *Author for correspondence

Received 13 August 2001; accepted in revised form 5 April 2003

Abstract

Observations near a Swedish pulp mill at the Bothnian Sea during 1982-1992 revealed low fish abundance and a
disturbed community structure. The presence of endocrine disrupting or toxic substances in effluent water was
indicated by biomarker responses, impaired reproduction and stimulated growth in perch (Perca fluviatilis). In
1992 the bleaching process was altered and a secondary treatment system was installed, improving the quality
and decreasing the amount of effluent. This paper presents the results of follow-up studies during 1995-1998
with the objective to analyse any recovery of the fish community due to changes in mill operations. Although
abundance and diversity of the fish community did recover, an effect of enrichment, indicated by high catches of
cyprinids, was still visible in the vicinity of the mill outlet. Sexual maturation was delayed, gonad development
was retarded, average growth rate was faster, and the condition factor was higher in perch caught in the vicinity
of the effluent outlet, than in perch captured elsewhere. It is concluded that substances inhibiting reproduction
and causing growth disturbance were still present in the effluents in effective concentrations.

Introduction

In 1982 the Swedish Environmental Protection
Agency started a research program (Södergren et al.
1984) with the objective to study the fate and effects
of bleached pulp mill effluents. Most of these studies
focused on the Norrsundet mill on the Bothnian Sea
coast. Severe disturbances in the local fish commu-
nity were observed (Neuman and Karås 1988). Close
to the mill only few fish were caught, and diversity
was low. At some kilometers from the mill a zone
with high abundance of roach (Rutilus rutilus) and
ruffe (Gymnocephalus cernua) appeared. Evidence of
impaired reproduction was seen in perch (Perca flu-
viatilis), expressed as delayed maturation, retarded
gonad growth (Sandström et al. 1988) and a low
young-of-the-year abundance (Neuman and Karås
1988). These impacts on reproduction were associ-
ated with stimulated somatic growth and increased
body condition. Also increased adult mortality (Sand-
ström and Thoresson 1988) was observed, and gross
pathology symptoms like fin erosions and, in pike
(Esox lucius) a skeletal deformity of the upper jaw,
were common during the first years of the study
(Lindesjöö and Thulin 1990, 1992). It was concluded

that the fish community suffered from both toxic sub-
stances and high organic loading. Exposure to toxic
substances was verified by biomarker responses, e.g.
elevated EROD activity (Andersson et al. 1988).

Continued studies in 1987 on spawning, egg and
embryo development and larval survival, indicated
that perch recruitment was impaired due to a low sur-
vival of newly hatched larvae (Karås et al. 1991).
This was explained by high frequencies of embryo
malformations and poor embryo growth.

Similar results were obtained from studies on fish
conducted near a Canadian mill at Jackfish Bay, Lake
Superior, and a US mill at Pigeon River during the
1980’s (McMaster et al. 1991; Munkittrick et al.
1992a; Adams et al. 1992). Sexual maturation and
gonadal growth in white sucker (Catostomus commer-
soni) were inhibited, and pathological changes such
as external lesions were common in Lake Whitefish
(Coregonus clupeaformis). Gonadal steroid disrup-
tions were considered as possible factors causing the
impacts on reproduction (Van Der Kraak et al. 1992).
The Canadian studies were further verified in a ten-
mill survey, but it was not well possible to identify
any mill-specific impacts (Munkittrick et al. 1994).
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Several improvements have been made at the
Norrsundet mill to reduce environmental impacts.
The bleaching process has been changed by introduc-
ing oxygen delignification of the pulp, to remove ad-
ditional lignin prior to bleaching, and substituting el-
emental chlorine with chlorine dioxide (elemental
chlorine-free or ECF bleaching) which was com-
pleted in 1992. A secondary treatment system (aerated
stabilization basin) was also installed during the fall
of that year. A retrospective analysis of biomarker re-
sponses in feral perch showed that fish health did im-
prove after the change in bleaching process and efflu-
ent reductions. Only few responses were recorded
some years after the secondary treatment system was
installed (Larsson et al. 2002). There was no evi-
dence, however, that ecological variables like abun-
dance, recruitment, reproduction and growth had fully
recovered (Sandström 1994), and organic enrichment
still affected the fish community.

The objective of this study was to analyse any fur-
ther improvements in response of technical measures
taken at the mill. The study focused on a) changes in
the community structure and fish abundance indicat-
ing enrichment, and b) deviations in perch growth and
reproduction indicating toxic or endocrine impact.

Material and methods

The Norrsundet mill is situated on the SW coast of
the Bothnian Sea (northern Baltic; Figure 1). The an-
nual production of bleached kraft pulp varied between
ca 240 000 and ca 290 000 t pulp during the 1990’s
(Table 1). Emissions of oxygen-consuming organic
substances and chlorinated organic compounds
(COD, BOD7, AOX) were measured at the mill un-
der supervision of the regional authority. Effluent
characteristics changed due to several process modi-
fications and the installation of secondary treatment
in 1992 (Table 1). There are no other major sources
of pollution in the area besides the mill.

Surface water salinity in the study area is 4–5 psu.
Annual salinity fluctuations are small. There are no
tidal effects. The inner part of the effluent area is
shallow and sheltered from the open sea. Upwelling
of colder and more saline deep water is insignificant
(Södergren et al. 1989). Effluent is diluted (ca. 40
times) with water pumped from a nearby bay before
being discharged. A dilution gradient is typically ap-
parent along the northern shore of the effluent area
with a dilution of about 200 times at station 2, 400

times at station 4 and over 1000 times at station 7
(Södergren et al. 1989).

Test-fishing for species diversity and relative abun-
dance comparisons (Thoresson 1996) was done in
August 1998 at seven stations along the exposure gra-
dient (Figure 1; Stn 1–7), corresponding to the sites
investigated by Neuman and Karås (1988). Two
multi-mesh-size gill nets, 3 m high and 35 m long,
were set in shallow water (3–5 m) at each station. The
nets were set at ca. 16.00 p.m. and lifted at ca. 08.00
a.m. the following day. The results are presented as
catch-per-unit-of-effort, CPUE, calculated as the
catch per net and night. The fishing was repeated six
times during a 2-week period. All fish were visually
inspected for external injuries and malformations like
fin erosions previously observed by Lindesjöö and
Thulin (1990). Temperature and Secchi disk depths
were measured on all fishing occasions. Secchi disk
readings were made to indicate eutrophication related
changes in water transparency. Station 7 was consid-
ered as reference because of high effluent dilution
(Södergren et al. 1989) and no or very low impact
shown by Neuman and Karås (1988). Additional ref-
erence data were available from the Finbo reference
program (Ådjers 1995) at NW Åland (Figure 1),
which is performed annually since 1983 following the
same guidelines as used in the Norrsundet studies
(Thoresson 1996).

For comparison of catch data, The Kruskal-Wallis
test (Kruskal and Wallis 1952) was used accompanied
by a method analogous to Neuman-Keul’s test (Zar
1974) to identify significant differences among sta-
tions. Differences were considered significant at the
5% level.

Samples for determination of condition factor (CF)
and gonad development in perch were collected at the
end of September 1995, 1997 and 1998 from stations
1 and 2 (Figure 1). For growth analysis, opercular
bones were removed from the samples collected in
1998. Reference samples were collected in the Fors-
mark archipelago in 1995 and from the local refer-
ence area Axmarfjärden in 1997 and 1998 (Figure 1).
The samples were taken within a 3 days period to al-
low unbiased gonad size comparisons between sta-
tions. The shift from a distant (Forsmark) to a local
(Axmarfjärden) reference area was preceded by anal-
ysing CF and gonad development data. No significant
differences between these areas were detected.

Length (mm), total weight (0.1 g), somatic weight
(0.1 g; alimentary tract and gonad removed), and go-
nad weight were measured on each collected fish, and

268



sex and sexual maturation stage (classified as (1) ma-
ture fish with developing gonads, or (2) fish with im-
mature or resting gonads not preparing for spawning
the coming spring) were determined. CF was calcu-

lated as somatic weight in grams × 100/(total length
in centimeters)3. The gonadosomatic index (GSI) was
calculated as the proportion (%) of gonad weight to
somatic fish weight. Age and growth were estimated

Figure 1. Sampling sites near Norrsundet and the local reference area in Axmarfjärden (R). Distant reference sites at Forsmark (Fm) and
Finbo (Fb). The effluent outlet is indicated by an arrow. Depth contours are given for 3 and 6 m.
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under a stereomicroscope (magnification 6×) by ana-
lyzing distance between annuli on the opercular bone,
using back-calculation technique (Thoresson 1996).
By this method, it was possible to estimate growth not
only as length-age relationships but also as length in-
crement of different age classes during separate years.
Differences in growth between areas could thus be
analyzed during several years before the year of
catch.

Differences between areas in annual length incre-
ment, CF and GSI in perch were analysed by t-test.
Impacts on sexual maturation were analysed by com-
paring length at 50% maturation between samples
with probit analysis (Thoresson 1996).

Sampling techniques, sampling periods and sam-
ple treatment were kept as identical as possible to
those used in previous studies by Neuman and Karås
(1988), Sandström et al. (1988), Karås et al. (1991)
and Sandström (1994).

Results

Abundance and community structure

Two species, roach and perch, dominated the 1998
catches (Table 2). There were no significant differ-
ences among stations in average CPUE in perch, but
roach catches were significantly higher at stations 1
and 2 than at station 7 (Kruskal-Wallis test, p < 0.05),
which was considered to represent local reference
conditions. Herring was also common, the biggest
catches being made at station 1, indicating that the
pulp mill effluent did not prevent this migratory pe-
lagic species from entering this area (Table 2). The
total CPUE at the two most exposed stations in Norr-
sundet (Stns 1 and 2) was about 50% higher than in
the Finbo reference area, an effect mainly due to the
high roach abundance close to the mill. External dis-
ease symptoms were seen on only few specimens.

Compared with 1987 and 1992, the abundance of
fish close to the mill had increased in 1998 (Table 2).
A maximum of roach abundance was observed
2–4 km (Stns 2–4) from the mill in 1987 and 1992,
with still very low catches at station 1 in 1992. This
maximum had moved to the innermost part of the ef-
fluent area in 1998. CPUE of perch were significantly
depressed at the two most exposed stations (Stns 1
and 2) in 1987 and 1992, but in 1998 differences
among stations were no longer significant (Kruskal-
Wallis test, p > 0.05).

The number of species observed in 1998 was 8–10
at stations 1–7, compared with 7 in the Finbo refer-
ence area (Table 2). Species diversity was very low
close to the mill in the beginning of the 1980’s, when
only three species were observed at Stns 1 and 2
(Neuman and Karås 1988). Species diversity thus had
recovered to normal levels during the 1990’s.

The Secchi disk depth readings indicated improve-
ments in water quality (Table 3). During the 1980’s
the area affected by poor water transparency reached
several km out from the mill. In 1998 only stations 1
and 2 had decreased water transparancy as compared
with the general background conditions at the more
remote stations.

When analysing possible influence of water trans-
parency on community structure, expressed as the re-
lation between the dominating species roach and
perch in the catches, low Secchi disk depths and high
shares of roach were observed at the two most ex-
posed stations in 1998 (Figure 2). Only small differ-
ences were seen further out along the gradient.

Table 1. Annual bleached pulp production (t/y) and emissions from
the Norrsundet pulp mill during 1980-1998. COD = chemical oxy-
gen demand (tons/day), BOD7 = biological oxygen demand (tons/
day), AOX = adsorbable organic halogens (kg/ton pulp). Data from
the Norrsundet Mill

Year Prod. t/y COD BOD7 AOX

1980 145 200 52 13 8.0

1981 144 700 63 16 8.0

1982 132 800 53 13 8.0

1983 203 100 69 16 6.0

1984 233 600 51 13 3.5

1985 222 187 36 9 3.1

1986 227 533 40 10 2.9

1987 240 380 36 9 2.8

1988 243 726 37 10 2.1

1989 246 392 38 9 1.8

1990 239 819 38 9 1.9

1991 244 745 36 9 1.6

1992 282 616 33 8 0.5

1993 272 398 22 4 0.3

1994 262 125 21 4 0.3

1995 268 500 23 5 0.2

1996 257 594 24 6 0.3

1997 283 168 26 7 0.2

1998 278 340 26 6 0.2
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Growth, body condition and gonad development

Annual length increment in perch females during the
period 1991–1997 was estimated for ages 1 to 7.
Samples from Stns 1 and 2 were compared with the
Axmarfjärden reference area. Faster growth was ob-
served in the Norrsundet samples in nearly all com-
parisons. The 1991 year-class was most abundant in
the samples and was selected for the statistical analy-
sis of growth differences. Growth was significantly
faster for the first four years of life in the exposed fish
(Figure 3, Table 4). A higher growth rate in the Norr-

sundet fish than in the reference area was also found
in 1998 (Table 5).

The condition factor (CF) was significantly higher
in perch sampled close to the mill (Stns 1 and 2)
compared with the reference areas in 1995, 1997 and
1998 (Table 6).

All female perch were sexually mature at a length
>25 cm in exposed as well as in reference areas. Mat-
uration, however, was delayed in the Norrsundet fish
compared to the reference area (Figure 4) in 1995,
1997 and 1998. Length at 50% maturation differed
significantly between areas in all years (probit analy-
sis, p < 0.05). Delayed maturation was found also in

Table 2. Mean catch-per-unit-of-effort (CPUE) of the most abundant fish species at stations 1–7 in Norrsundet, compared with the Finbo
reference area (Ref.). The 1987 data are from Sandström (1994)

Station Year Roach Perch Herring Total CPUE No. of species

1 1987 2 1 0 3 3

1992 6 2 <1 9 5

1998 65 9 13 89 9

2 1987 13 4 <1 20 4

1992 36 7 8 53 13

1998 68 12 3 88 9

3 1987 21 7 2 35 6

1992 20 10 7 39 9

1998 31 27 9 73 9

4 1987 34 7 3 49 7

1992 26 9 5 43 10

1998 40 20 8 80 10

5 1987 22 5 1 31 6

1992 5 2 4 13 9

1998 18 11 9 41 8

6 1987 7 10 4 22 6

1992 1 5 5 15 9

1998 16 9 5 34 8

7 1987 16 12 1 33 8

1992 21 27 2 51 9

1998 19 16 <1 42 9

Ref. 1998 5 39 15 62 7

Ref. 1983-99 6 26 9 44 26

Table 3. Secchi disk depth readings (m) during test-fishing in August. Mean values and standard deviations (within brackets) based on six
measurements

Stations

Year 1 2 3 4 5 6 7

1982 1.2 (0.4) 1.6 (0.6) 2.0 (0.4) 2.4 (1.0) 3.8 (0.3) 4.8 (2.3) 4.9 (4.2)

1987 1.3 (0.6) 1.4 (0.8) 1.7 (0.9) 3.0 (1.1) 3.4 (1.5) 5.0 (5.8) 5.1 (9.6)

1998 1.5 (1.6) 2.5 (2.6) 5.0 (11.1) 5.5 (9.7) 5.0 (4.1) 5.0 (11.0) 5.0 (6.2)
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male perch (Figure 4), but too few fish were avail-
able in the smaller length classes to perform probit
analysis.

Relative gonad size (GSI) was lower in small-
sized (< 20 cm) first-spawning female perch as well
as in larger (> 25 cm) fish from the effluent area
compared with reference fish (Table 7). The differ-
ence was statistically significant in 1997 and 1998.

Discussion

Oxygen delignification, substitution of elemental
chlorine with chlorine dioxide, and installation of a
secondary effluent treatment system at the Norrsun-
det mill changed the effluent chemistry and lead to
reduced discharges since the 1980’s. These measures
were made to serve two purposes: (1) to reduce local

eutrophication and (2) to eliminate toxic impacts. Or-
ganic substances and nutrients in the effluent water
can lead to oxygen deficiency and increased primary

Figure 2. The ratio roach/perch in the catches (based on total
catch) at stations 1–7 at Norrsundet 1998 compared to the Secchi
disk depth (mean values based on six measurements).

Figure 3. Mean annual length increment in the 1991 year class of
perch (females) at Norrsundet (Stn 1 and 2) and in the local refer-
ence area Axmarfjärden.

Table 4. Annual length growth in perch of year class 1991 during
the first 7 years of life. NS = Norrsundet (Stn 1 and 2), REF =
Axmarfjärden reference area. N = sample size. Lg = annual length
growth, mm. SD = standard deviation. Significance levels in t-test:
* = p < 0.05, *** = p < 0.001. ns = not significant

Age Area N Lg SD t-value

1 NS 12 65.3 5.0

REF 19 54.9 12.8 2.68*

2 NS 12 44.2 9.1

REF 19 34.4 8.9 2.95*

3 NS 12 42.9 7.2

REF 19 33.1 5.2 4.41***

4 NS 12 42.6 8.3

REF 19 28.0 6.2 5.58***

5 NS 12 30.8 5.2

REF 19 23.0 14.5 1.79ns

6 NS 12 26.5 7.4

REF 19 23.2 13.1 0.80ns

7 NS 12 13.5 8.0

REF 19 17.2 9.2 1.85ns

Table 5. Average length growth (Lg, mm) in perch age-classes 4-8
during 1998. NS = Norrsundet (Stn 1 and 2), REF = Axmarfjärden
reference area. N = sample size, SD = standard deviation. Signifi-
cance level in t-test: * = p < 0.05. ns = not significant

Age Area Sex N Lg SD t-value

4 NS Female 37 21.0 7.4

Male 42 13.7 3.8

REF Female 20 15.4 3.6 2.79*

Male 13 9.8 3.9 2.34*

5 NS Female 20 14.9 6.9

Male 13 10.8 8.0

REF Female 26 13.0 5.5 0.73ns

Male 11 8.1 10.0 0.51ns

6 NS Female 4 16.3 4.2

Male 16 10.7 5.2

REF Female 16 10.7 4.9 1.29ns

Male 18 12.9 8.5 0.95ns

7 NS Female 24 13.3 4.2

Male 48 6.3 3.5

REF Female 27 8.5 4.9 2.55*

Male 20 7.3 2.0 1.05ns

8 NS Female 12 9.3 2.6

Male 15 5.5 2.0

REF Female 19 8.0 3.8 0.81ns

Male 12 6.6 4.4 0.62ns
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production. The fish community may respond to such
changes in the ecosystem by alterations in species
distribution. In the Baltic littoral fish community,
dominated by cyprinids and percids, the former are
favored by eutrophication (Neuman and Sandström
1996).

The most easily measured indicator of eutrophica-
tion in the Baltic is the Secchi disk depth. Previous
studies in the Baltic showed a strong negative corre-
lation between Secchi disk depth and the ratio roach/
perch in the catches (Neuman and Sandström 1996).
Reduced water transparency was seen within three
km from the mill in 1998, with corresponding roach
dominance. Further out from the mill, perch and
roach appeared in approximately equal abundance,
which indicates natural conditions in these parts of
the Baltic (Neuman and Sandström 1996). The area
of organic enrichment was larger during the 1980’s,
impacting fish abundance and species distribution far
out from the outlet (Neuman and Karås 1988). At the
end of the 1990’s, the diversity of the fish community
seemed to be fully restored. The efforts made to re-
duce COD and nutrients in the effluent water did evi-
dently result in a recovery of the fish community.
Similar fast ecosystem recoveries were seen at the
Swedish west coast after closure of a sulphite pulp
mill in 1966 (Rosenberg 1973). Already three years
later a significant re-colonization of benthic fauna had
appeared in the effluent area. A succession towards a
more mature community similar to that found forty

years earlier, when organic loading was compara-
tively small, was almost complete in 1972.

Impacts due to toxic exposure on fish physiology,
pathology, growth, reproduction, recruitment, adult
survival and abundance were documented during the
1980’s by Andersson et al. (1988), Neuman and Karås
(1988), Sandström and Thoresson (1988), Sandström
et al. (1988), Karås et al. (1991) and Lindesjöö and
Thulin (1990, 1992). Many symptoms of physiologi-
cal disturbance had disappeared in the beginning of
the 1990’s, shortly after technical measures were
taken at the mill (Larsson et al. 2002). A decreased
occurrence of fin erosions and other severe patholog-
ical symptoms were seen already in 1984, and the
1998 test-fishing results proved this decrease to be
consistent.

Impacts on growth, condition factor and reproduc-
tion, however, still remained. Growth stimulation dur-
ing the 1980’s was apparent in juvenile as well as
adult perch. This was evident also during the late
1990’s. A higher condition factor accompanied the
growth stimulation. Stimulated growth and increased
condition factor, however, should not be seen as posi-
tive reactions when observed in combination with in-
hibited reproduction. This response pattern is not in
agreement with general life-history theory (Stearns
and Crandall 1984) and should more indicate meta-
bolic disruption, possibly of endocrine origin. In a re-
cent assessment of the Canadian pulp and paper en-
vironmental effects monitoring programme (Lowell et
al. 2002) the overall median response was an increase
in condition and liver weight and a decrease in gonad
weight in fish exposed to effluent. The conclusion was
that fish downstream of pulp mill effluent experienced
a combination of metabolic disruption and nutrient
enrichment.

A pattern of stimulated growth and inhibited repro-
duction was reported also by Sandström (1996) in a
review of 25 studies on fish exposed to pulp mill ef-
fluent. Growth was explicitely studied only in a few
cases, but the condition factor was commonly used as
a rough indicator of metabolic changes leading to
growth effects. Generally, when a deviation in condi-
tion factor had been detected, or when a direct analy-
sis of growth had shown significant differences, the
response was positive. Significant positive deviations
were seen in 12 studies, and negative in two. Elevated
MFO (mixed function oxygenase) activities indicated
that the responses were related to toxic exposure. In
10 cases there were negative effects on reproduction,
either delayed maturity or reduced gonad size or both

Table 6. Condition factor (CF) in female and male perch sampled
at Norrsundet (NS; Stn 1 and 2). Reference data (REF) from Fors-
mark 1995 and the local reference area Axmarfjärden 1997 and
1998. N = sample size, SD = standard deviation. Significance level
in t-test: *** = p < 0.001

Year Sex Area N Mean CF SD t-value

1995 Female NS 60 1.15 0.06

REF 63 1.09 0.04 4.62***

Male NS 37 1.11 0.13

REF 49 0.98 0.06 4.19***

1997 Female NS 68 1.16 0.08

REF 87 1.09 0.07 3.89***

Male NS 96 1.09 0.07

REF 119 1.03 0.08 4.29***

1998 Female NS 127 1.11 0.10

REF 134 1.02 0.16 3.46***

Male NS 157 1.05 0.07

REF 96 0.98 0.08 5.00***
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symptoms together. In some of these studies a nega-
tive impact on sex hormone levels was also evident.

Delayed sexual maturation, or more correctly, mat-
uration at a larger size of Norrsundet perch compared
to reference fish, was detected when monitoring
started in the early 1980’s, and gonad growth in ma-
ture fish (both sexes) was significantly slower (Sand-
ström et al.1988). In 1989 and 1990 the data sug-
gested that these effects were reduced or eliminated
(Sandström 1994). This improvement could not be
verified in 1997–1998, as exposed fish both had a re-
duced gonad development and a significant delay of
sexual maturation compared with the reference. These
effects are not acceptable according to the national
environmental objectives for the pulp and paper in-
dustry (Anon 1997). The results also indicate that the
whole-organism response is not clearly related to
variations in effluent quality, and that short-term stud-
ies may fail to detect impacts.

Pulp mill effluents are known to interfere with the
steroid regulatory system, reducing sex hormone con-
centrations (McMaster et al. 1991; Munkittrick et al.
1992a, 1992b). A study by Karels et al. (1999) dem-
onstrated significantly decreased plasma estradiol-17
beta and testosterone concentrations in feral perch
and roach exposed to effluent from a mill using el-
ementary chlorine free bleaching. A study on male
white sucker (C. commersoni), caged in effluent from
a bleached kraft mill, demonstrated that ligands for
the aryl hydrocarbon receptor and fish sex steriod re-Figure 4. Proportion (%) of mature perch in samples collected near

Norrsundet (Stn 1 and 2) for five 2.5 cm length-classes. Reference
data from Forsmark 1995 and the local reference area Ax-
marfjärden 1997–1998.

Table 7. Table 7. Gonadosomatic index (GSI) in mature female
perch in two length-classes sampled at Norrsundet (NS; Stn 1 and
2). Reference data (REF) from Forsmark 1995 and the local refer-
ence area Axmarfjärden 1997 and 1998. N = sample size, SD =
standard deviation. Significance level in t-test: *** = p < 0.001. ns
= not significant

Year Area Length-class, cm N GSI SD t-value

1995 NS <20 5 4.42 1.14

REF <20 10 5.45 1.09 1.21ns

NS >20 29 5.16 0.84

REF >20 36 5.75 1.28 1.58ns

1997 NS <20 5 3.56 0.58

REF <20 15 6.22 1.23 4.62***

NS >20 65 5.45 1.17

REF >20 63 6.79 1.19 6.57***

1998 NS <20 20 2.88 0.81

REF <20 28 4.69 1.28 5.34***

NS >20 61 4.30 1.27

REF >20 80 5.90 0.94 8.50***
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ceptors were bioavailable and that the hepatic burden
of these ligands increased with exposure (Hewitt et
al. 2000). This could provide a mechanistic linkage
to the effects on somatic development and reproduc-
tive performance of fish.

Obviously, compounds capable of inhibiting nor-
mal reproduction and with possible stimulatory ef-
fects on growth, are present also in effluents from
modern pulp mills (Hewitt et al. 2000; Lowell et al.
2002). It has been suggested that substances in chem-
ical recovery condensates may be responsible for hor-
monal activitities, particularly estrogenic effects
(Hewitt et al. 2002). Androgenic activity has been at-
tributed to, e. g., androstenedione, a bacterial modifi-
cation of phytosterols in effluent (Jenkins et al. 2001).
The cause and effect analysis is, however, still not
simple to perform. The stimulated growth and re-
duced reproductive performance of female fish indi-
cates an exposure to androgenic substances. However,
this interpretation is contradicted by the observations
of similar effects in males in the 1980’s as well as in
1998, although these responses have been consider-
ably weaker.

The results suggest that the chlorinated substances
resulting from usage of elementary chlorine for
bleaching can not be a main factor impacting fish
growth and reproduction. The Norrsundet studies
cover a long time period, from 1982 to 1998. The
switch to elementary chlorine free bleaching was
completed in 1992. This has resulted in very low
AOX discharges for more than five years before the
follow-up studies were made, and the risk that persis-
tent chlorinated compounds remaining in the effluent
area could still influence fish reproduction should be
considerably reduced.

Although the identity of the substances responsible
for observed impacts on fish still remains unknown,
it is likely that these are organic compounds that can
be degraded in biological treatment systems. Second-
ary treatment as a technique to eliminate chronic tox-
icity to fish has, however, been questioned in Canada
(Munkittrick et al. 1992b). The Norrsundet mill is
equipped with a small aerated stabilization basin re-
ducing COD. There has been an evident recovery of
the fish community since the fish monitoring started
in 1982 as a result of the improved mill operations
and the introduced secondary treatment. However,
significant inhibition of gonadal growth and matura-
tion in perch accompanied by stimulated somatic
growth were still visible at the end of the 1990’s. It is
concluded that the efforts made to reduce toxic or en-

docrine substances by regulating AOX and COD in
the effluent did not eliminate the risk of negative im-
pacts on fish growth and reproduction.

Acknowledgements

Kjell Wilund was responsible for the field samplings.
The Swedish National Board of Fisheries, Institute of
Coastal Research, provided financial support.

References

Adams S.M., Crumby W.D., Greely M.S. Jr., Shugart L.R. and
Taylor C.F. 1992. Responses of fish populations and commu-
nities to pulp mill effluents: a holistic approach. Ecotoxicol.
Environ. Safety 24: 347–360.

Andersson T., Förlin L., Härdig J. and Larsson Å. 1988. Physio-
logical disturbances in fish living in coastal water polluted with
bleached kraft pulp mill effluents. Can. J. Fish. Aquat. Sci. 45:
1525–1536.

Anonymus 1997. Environmental impact of pulp and paper mills. A
strategy for future environmental risk assessments. Swedish
Environmental Protection Agency, Report 4785, 83 pp.

Hewitt L.M., Parrott J.L., Wells K.L., Calp M.K., Biddiscombe S.,
McMaster M.E. et al. 2000. Characteristics of ligands for the
Ah receptor and sex steriod receptors in fish exposed to
bleached kraft mill effluent. Environ. Sci. Technol. 34: 4327–
4334.

Hewitt L.M., Smyth S.A., Dubé M.G., Gilman C.I. and MacLatchy
L. 2002. Isolation of compounds from bleached kraft mill
chemical recovery condensates associated with reduced levels
of circulating testosterone in mummichog (Fundulus heterocli-
tus). Environ. Toxicol. Chem. (in press).

Jenkins R., Angus R.A., McNatt H., Howell W.M., Kemppainen
J.A., Kirk M. et al. 2001. Identification of androstenedione in a
river containing paper mill effluent. Environ. Toxicol. Chem.
20: 1325–1331.

Karels A., Soimasuo M. and Oikari A. 1999. Effects of pulp and
paper mill effluents on reproduction, bile conjugates and liver
MFO (mixed function oxygenase) activity in fish at Southern
Lake Saimaa, Finland. Wat. Sci. Technol. 40(11–12): 109–114.

Karås P., Neuman E. and Sandström O. 1991. Effects of a pulp mill
effluent on the population dynamics of perch, Perca fluviatilis.
Can. J. Fish. Aquat. Sci. 48(1): 28–34.

Kruskal W.H. and Wallis W.A. 1952. Use of ranks in one-criterion
analysis of variance. J. Am. Stat. Assoc. 47: 583–621.

Larsson Å., Förlin L., Lindesjöö E. and Sandström O. 2002. Moni-
toring of individual organism responses in fish populations ex-
posed to pulp mill effluents. Proceedings 3rd Int. Conf. Envi-
ronmental Fate and Effects of Bleached Pulp Mill Effluents,
Nov. 1997, Rotorua, New Zealand, (in press).

Lindesjöö E. and Thulin J. 1990. Fin erosion of perch Perca flu-
viatilis and ruffe Gymnocephalus cernua in a pulp mill effluent
area. Dis. Aquat. Org. 8: 119–126.

275



Lindesjöö E. and Thulin J. 1992. A skeletal deformity of northern
pike, Esox lucius L., related to pulp mill effluents. Can. J. Fish.
Aquat. Sci. 49: 166–172.

Lowell R., Ribey S., Khouzam Ellis I., Grapentine L., McMaster
M.E., Munkittrick K.R. et al. 2002. National assessment of the
pulp and paper environmental effects monitoring data. National
Environmental Effects Monitoring Office, Environment Can-
ada, October 2002.

McMaster, M.E., Van Der Kraak G.J., Portt C.B., Munkittrick K.R.,
Sibley P.K. et al. 1991. Changes in hepatic mixed function
oxygenase (MFO) activity, plasma steroid levels and age at
maturity of a white sucker (Catostomus commersoni) popula-
tion exposed to bleached kraft pulp mill effluent. Aquat. Toxi-
col. 21: 199–218.

Munkittrick K.R., McMaster M.E., Portt C.B., Van Der Kraak G.J.,
Smith I.R. and Dixon D.G. 1992a. Changes in maturity, plasma
sex steroid levels, hepatic mixed-function oxygenase activity
and the presence of external lesions in Lake Whitefish (Core-
gonus clupeaformis) exposed to bleached kraft mill effluent.
Can. J. Fish. Aquat. Sci. 49: 1560–1569.

Munkittrick K.R., Van Der Kraak G.J., McMaster M.E. and Portt
C.B. 1992b. Response of hepatic MFO activity and plasma sex
steroids to secondary treatment of bleached kraft pulp mill ef-
fluent and mill shutdown. Env. Tox. Chem. 11: 1427–1439.

Munkittrick K.R., Van Der Kraak G.J., McMaster M.E., Portt C.B.,
van den Heuvel M.R. and Servos M.R. 1994. Survey of receiv-
ing-water environmental impacts associated with discharges
from pulp mills: 2. Gonad size, liver size, hepatic EROD ac-
tivity and plasma sex steroid levels in white sucker. Environ.
Toxicol. Chem. 13(7): 1089–1101.

Neuman E. and Karås P. 1988. Effects of pulp mill effluent on a
Baltic coastal fish community. Water Sci. Technol. 20(2): 95–
106.

Neuman E. and Sandström O. 1996. Fish monitoring as a tool for
assessing the health of Baltic coastal ecosystems. Bull. Sea
Fish. Inst. 3(139): 3–11.

Rosenberg R. 1973. Succession in benthic macrofauna in a Swed-
ish fjord subsequent to the closure of a sulphite pulp mill. Oi-
kos 24: 244–258.

Sandström O. 1994. Incomplete recovery in a coastal fish commu-
nity exposed to effluent from a modernized Swedish bleached
kraft mill. Can. J. Fish. Aquat. Sci. 51: 2195–2202.

Sandström O. 1996. In situ assessments of the impact of pulp mill
effluent on life-history variables in fish. In: Servos M.R., Mun-
kittrick K.R., Carey J.H. and Van Der Kraak G.J. (eds), Envi-
ronmental Fate and Effects of Pulp and Paper Mill Effluents.
St. Lucie Press, Delray Beach, Florida.

Sandström O., Karås P. and Neuman E. 1988. Effects of a bleached
pulp mill effluent on growth and gonad function in Baltic
coastal fish. Water Sci. Technol. 20: 107–118.

Sandström O. and Thoresson G. 1988. Mortality in perch popula-
tions in a Baltic pulp mill effluent area. Mar. Poll. Bull. 19(11):
564–567.

Stearns S.C. and Crandall R.E. 1984. Plasticity for age and size at
sexual maturity: a life-history response to unavoidable stress.
In: Potts G.W and Wootton R.J. (eds), Fish Reproduction: Strat-
egies and Tactics. Academic Press, London.

Södergren A., Jonsson P., Kringstad K., Lagergren S. and Olsson
M. 1984. Research program for the project field Environment/
Cellulose. Biological effects from pulp industries. Swedish En-
vironmental Protection Agency, SNV PM 1793.

Södergren A., Jonsson P., Bengtsson B.-E., Kringstad K., Lager-
gren S., Olsson M. et al. 1989. Biological effects of bleached
pulp mill effluents. National Swedish Environmental Protection
Board, Rep. 3558.

Thoresson G. 1996. Guidelines for coastal fish monitoring. Swed-
ish National Board of Fisheries, Institute of Coastal Research,
Kustrapport 1996:2.

Van Der Kraak G.J., Munkittrick K.R., Mc Master M.E., Portt C.B.
and Chang J.P. 1992. Exposure to bleached kraft pulp mill ef-
fluent disrupts the pituitary-gonadal axis of white sucker at
multiple mill sites. Toxicol. Appl. Pharmacol. 115: 224–233.

Zar J.H. 1974. Biostatistical Analysis. Prentice-Hall Inc., Engle-
wood Cliffs, N.J.

Ådjers K., Böhling P., Järvik A., Lehtonen H., Mölder M., Neu-
man E. et al. 1995. Coastal fish monitoring in the northern Bal-
tic proper – establishment of reference areas, TemaNord
1995:596, 38 pp.

276


