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Background
Within Theme 3 of the BalticBOOST project a series of test cases were set up early on with the general aim
to groundtruth the linkages between pressures arising from human activities and the environmental status
of seafloor habitats. Test cases were selected based on the availability of data from different areas and
discussed and confirmed during the BalticBOOST Theme 3 WS 1-2016, held in Copenhagen, Denmark, 2-3
June 2016.
The data was too limited to draw any far-reaching conclusion. The impacts of the turbidity induced by the
Vuosaari Harbor construction were strongest on BBI and the growth limit of Fucus zone at a distance of
about 2 km from the coast. Suspended solid accounted for 58% of the variation in BBI, whereas Secchi
depth explained 56% of the variation in the growth limit of Fucus zone. In general, the ecological status in
the vicinity of the Harbor seemed to be weakened along the increasing suspended solid matter and
turbidity gradient.
The meeting is invited to consider the information provided in this document.
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Introduction
Several studies have focused on the impacts of different human activities related to harbor construction
work (Rosenberg 1977, Wildish & Thomas 1985, Witt et al. 2004, Simoninia et al. 2005, Ware et al. 2010).
Among the prominent activities are dredging, land fill and disposal of dredged material. The impacts of
sediment disposal on zoobenthos depend on the amounts, quality and structure of the masses. The
essential factors causing stress to bottom habitats originate in forming of covering beds, increasing
turbidity and changes in sediment structure as well as the chemical properties of the sediment (Witt et al.
2004). However, more information is still needed on the pressure-impact relationships and the magnitude
of pressures benthic habitats can tolerate to support the implementation of the Water Framework
Directive (WFD) and environmental target setting in the Marine Strategy Framework Directive (MSFD).
To study the impacts of human activities connected to construction work and relate the impacts to
environmental status, a case study on the construction of Vuosaari harbor in Helsinki, Gulf of Finland, was
carried out. Extensive data were collected during the construction phase as part of the an environmental
impact assessment (Vatanen et al. 2012). These data, together with regular monitoring data from the area
were utilized to investigate the impacts of the construction works and relate them to good environmental
status indicatorsin the coastal environment. The construction works, carried out during 2003-2008,
included dredging and filling of the harbor, sediment dumping and sand extraction, as well as some small
scale contamination dredging in the harbor’s second phase area. The impacts on the coastal water system
and fishery were monitored in compliance with the monitoring programme approved by the Livelihood,
traffic and environment Centre of Uusimaa (formerly the Environment Centre of Uusimaa). The monitoring
was related to the permission of the Vuosaari Harbor and its navigable route. The data and results on water
and sediment sampling, turbidity surveys, water quality, zoobenthos and seabed vegetation surveys have
been reported by the Vuosaari Construction Project (Niinimäki et al. 2004, Vatanen and Haikonen 2007,
2008, 2009; Vatanen et al. 2006, 2012), the data being partly available in the environmental data system of
SYKE.
According to Vatanen et al. (2012), the most important impact of the construction works on the water
system and fishing industry were the increase in sedimentation due to risen turbidity and elevated
concentrations of suspended solid matter. The area affected by increased turbidity near the bottom has
extended as far as 2.5 km from the sediment filling area but the influence has weakened since 2005
(Vatanen et al. 2012, Fig. 1). However, turbidity levels have decreased very swiftly to close to background
levels when no dredging and disposal work was done.
In aim of this study was to assess the impacts of the Vuosaari Harbor construction works on the ecological
status of coastal waters east of Helsinki based on the zoobenthos and phytobenthos data gathered during
the Vuosaari Construction Project in 2003-2008 and from routinely monitored stations.
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Fig. 1. Intensity and frequency of turbidity in the surface water layer in
the Harbor and its surrounding areas in 2003 - 2007. In the read areas,
the influence of turbidity was strong and the turbidity clouds occurred
frequently. Weaker but regular influences of turbidity were observed
in the yellow areas, whereas separate and occasional influences of
turbidity were recorded in the green areas. Source: Vatanen et al.
(2012).

Material and methods
The data originated mainly from the Vuosaari Construction project carried out in 2003-2008.Long term
water quality data was derived from the Hertta data system of SYKE and long term macrozoobenthos data
from Helsinki Environment Centre was also used. The pressure data, including Secchi depth, turbidity and
suspended solid matter, were picked in the HERTTA data system, whereas the data on the zoobenthos and
growth limit of Fucus zone and sedimentation rate were derived from the above-mentioned Vuosaari
reports. During the Vuosaari Project, sedimentation was measured three times per year, in early summer,
middle summer and late autumn, the data of which were here averaged on annual basis. The Brackish
Water Benthic Index (BBI) developed by Perus et al. (2007) was used to classify the ecological status of the
zoobenthic community. Similar to BBI, the lower growth limit of Fucus zone is an operational indicator in
the ecological classification of Finnish coastal waters (Bäck and Ruuskanen 2000). Here, the ecological
status was assessed based both on BBI and the lower growth limit of Fucus zone using the class boundaries
given in Aroviita et al. (2012). The pressure-effect relationships were carried out using simple linear and
logarithmic regression analyses.
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Fig. 2. The Vuosaari Harbor (grey), navigable route (broken line), dredging areas (black), sand extraction areas
(blue=Itä-Tonttu, green=Soratonttu, grey=Eestiluoto), sediment filling areas (brown=sea filling area, red=Mustakupu).
Source: Vatanen et al. 2012.

Description of the construction work areas
The construction works in the Vuosaari Harbor included dredging, sand extraction and filling. Dredging was
carried out both in the Harbor area and in the navigable route in five spots (Fig. 2). Altogether 6.6 million
m3 TA (theoretical amount) material was dredged (Table 1). To estimate the impact of dredging on BBI, we
used three zoobenthos and the corresponding water quality sites in 2005 and 2008, three of the sites
locating inside and one outside the dredging areas (Table 2, Figs. 3 - 4). The last-mentioned site (Granö 113)
in Granofjärden locating about 3 km distance north-east apart the Harbor was used as a reference site. To
estimate the impact on Fucus, we used nine phytobenthos lines and the corresponding water quality sites
(Table 3, Fig. 3 and 5). The phytobenthos lines covered the inner, middle and outer archipelago areas.
The sand extraction areas Itä-Tonttu and Soratonttu located in the outer archipelago about 12 km from the
Harbor area (Fig. 2). The zoobenthos data between 2004 and 2009 were available for nine sites, of which
one was located inside and the others in the distances varying from 150 m to 1000 m from the abstraction
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areas (Table 2, Fig. 6). The water quality data were derived from the near-by Länsi-Tonttu, being included
both in the programmes of Finland’s national monitoring and the monitoring of Helsinki City since the
1970s. Altogether 6.3 million lighter-m3 of sand have been lifted between 2003 and 2008 (Table 1). In 2006,
elevated concentrations of suspended solids were observed in SW corner of Soratonttu in the depth of 40
m near the bottom during the first week of sand uptake.
Sediment masses originated from the dredging areas have been piled south of Eestiluoto Skerry in the open
sea about 20 km distance apart from the Harbor (Fig. 2). The filling of material totaling altogether 5.2
million m3 TA was carried out between 2003 and 2008 but it was greatest during 2004 and 2006 (Table 1).
The zoobenthos sampling points were located inside and outside the filling areas in the distance varying
from 100 to 700 m from the filling area. Unfortunately, there were no water quality sites available to test
the impact of pressures like turbidity to BBI.
Sedimentation caused by the constructions works in the Harbor and navigable route as well as in filling area
and sand extraction has been monitored in several sites, of which we used two to study the impact of
sedimentation on BBI and three to study the impact on Fucus, in respectively (Table 4, Fig 7). The sediment
site S1 is located north of the Granö Island forming a reference for the possible impacts. The three other
sites are in the sphere of influence of the Harbor construction works.
Table 1. Amounts of sea sediments handled during the Vuosaari Harbor construction works in 2003-2008. The dredged
material originated (i) from the harbor and (ii) from the navigable route (numbers in cursive). Codes: *, purified
sediment from tributyltin (TBT); TA, theoretical amount. Source: Vatanen et al. 2012.
Year

Season

Dredged clay
(million
lighter-m3 / m3
TA)

2003
2004

IV-XII
IV-XII

2005

IV-XII

2006
2007
2008

IV-XI
I-V
V-XII

0.35 / 0.30
2.08 / 1.88
0.003 / 0.003
2.17 / 1.74
0.28 / 0.22
1.25 / 0.99
0.088 / 0.007
0.05 /0 .04
5.86 / 4.96

Placed in the
Harbor
(million
lighter-m3 /
m3 TA)

0.67
0.45*
0.25

0.45*
0.92

Placed in sea
filling area
(million
lighter-m3 / m3
TA)
0.35 / 0.30
2.08 / 1.88
0.003 / 0.003
2.17 / 1.74
0.28 / 0.22
1.25 / 0.99
0.088 / 0.007
0.05 /0 .04
5.86 / 4.96

Sea sand extraction (million lighter-m3)
Itä-Tonttu Soratonttu
Total

1.65

1.65

0.08

2.39

2.47

1.42

0.78

2.2
6.32
12.64

Table 2. The zoobenthos sites and the corresponding water quality sites, human activities, pressures and the
attributes used in estimating the impacts. Codes: * means that the site is located inside the activity area.
Zoobenthos
sampling sites
174*
1742*
1741

Corresponding or
nearby water quality
sampling sites
174*
106*
113

Human activities

Pressures

Attributes to
impacts

Dredging in the
Harbor

Turbidity

Secchi depth,
Suspended solid
matter

Länsi-Tonttu 114

Sand extraction

Turbidity

Secchi depth
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HI1, HI2, HI3*, HI4,
H15 and HS1, HS2,
HS3, HS4
V1, V2, V3

Distance from the
activity area
180*

Dredging in the
navigable route

Turbidity

L1*, L2, L3*, L4, L5,
L6*

(no corresponding
site)

Sediment filling

Turbidity

Turbidity,
Suspended solid
matter
(no water quality
data)

Fig. 3. The Vuosaari Harbor (in grey) and the water quality monitoring sites. See the correspondence of the
zoobenthos and water quality sites in Table 2. Source: Vatanen et al. 2012.
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Fig. 4 The zoobenthos sites (V1, V2 and V3) of navigable route. See the correspondence of the zoobenthos and the
water quality sites in Table 2. Source: Vatanen et al.2012.
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Fig. 5. The diving lines to define the growth limit of Fucus vesiculosus zone The lines K31 and K32 were so called
“joker” lines, of which locations were decided based on turbidity clouds caused by dredging. Codes: S, inner
archipelago; K, middle archipelago; U= outer archipelago; M, Offshore zone. Source: Vatanen et al. 2012.

Table 3. The phytobenthos sites and the corresponding water quality station, the human activities, pressures and
attributes used to estimate the impacts. Codes: * means that the site is located inside the activity area.

Phytobenthos
sampling line
K1
K2
K3
K5
K14
K31,K32
K13, K21, K22

Nearby water
quality sampling
sites
174*
106*
180*
111
113
182
Länsi-Tonttu

Zone

Human activities

Pressures

Attributes to
impacts

Inner arch

Dredging

Turbidity

Secchi depth,
Suspended solids

middle arch
inner arch
outer arch /
offshore

Reference
Dredging
Reference
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Fig. 6. The sand extraction areas Itä-Tonttu (blue) and Soratonttu (grey) as well as the zoobenthos sampling sites. The
water quality site Länsi-Tonttu is located east of the sand extraction area of Itä-Tonttu (see Table 2). Source: Vatanen
et al. 2012.

Fig 7. The sedimentation sites in the influence of the Harbor construction works. See correspondence of the
phytobenthos lines and the water quality sites in Table 4. Source: Vatanen et al. 2012.

Table 4. Sedimentation sites and the corresponding near-by zoobenthos and phytobenthos sites, the pressure and its
attribute.

Sediment site

Zoobenthos site

S1
S3
S7
S10

1741
174*
1742

Phytobenthos line

Pressure
Sedimentation

K1
K2
K31, K32
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Results and discussion
Impacts of pressures on BBI index
As a consequence of the Harbor construction works, turbidity and concentrations of suspended solid
matter increased as a result of accelerating sedimentation (Vatanen et al. 2012), which affected the
occurrence and success of the zoobenthos communities. Near the dredging areas, turbidity varied from 4.6
to 14.9 FTU and suspended solid matter from 5.5 to 14.5 mg/l in 2005 and 2008. BBI ranged from 0.13 (bad
status) to 0.78 (good status). Near the sand extraction areas, turbidity varied from 1.5 to 2.3 FTU and BBI
varied from 0.4 (moderate status) to 1.12 (high status) in 2005, 2008 and 2009. As a comparison, in the
inner reference area (site 113) the annual average turbidity near the bottom has ranged from 1.3 to 8.9
FTU since the 1980s and suspended solid matter from 1.3 to 11 mg/l since 1991, in respectively (data from
the HERTTA data system in SYKE), revealing that occasional elevated values are conceivable in the inner
archipelago outside the direct influence of the Harbor construction works, too.
In the dredging areas, suspended solid matter was the best predictor, explained 58% in the variation of BBI
based on the data in 2005 and 2008 (Fig 8). Instead, BBI was weakly linked to turbidity (Fig. 9). Accordingly,
based on BBI it seemed that near the Harbor the overall ecological status weakened with increasing
suspended solid matter and turbidity. The analyses were, however, hindered by a low number of
zoobenthos data, covering only two years. Comparing the sites, the ecological status deteriorated to poor
in all but one site (174) where the status class surprisingly improved from bad to good between 2005 and
2008, suggesting a possible recovery of the community.
In the sand extraction areas, the link between BBI and the pressure data could not be proved (Fig. 10).
Additionally, there was no clear connection to distance from the sand extraction areas, although the
ecological status seemed weakly to be improved along the increasing distance between 2005 and 2009 (Fig.
11). For filling areas, the analyses with BBI could not be performed due to lack of the corresponding water
quality sites and data.
1
y = -0.602ln(x) + 1.7486
R² = 0.5822

BBI-ELS index
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Fig. 8. The relationship between BBI index (BBI-ELS) and the annual average of suspended solid matter (mg/l) near the
bottom in the dredging areas in 2005 and 2008.
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Fig. 9. The relationship between BBI index (BBI-ELS) and the annual average turbidity near the bottom in the dredging
areas in 2005 and 2008.
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Fig. 10. The relationship between BBI-ELS and summer turbidity (June to September) in sand extraction areas in 2005,
2007 and 2009. See the zoobenthos sites and the corresponding water quality site in Table 2.
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Distance from the sand extraction areas (m)

Fig. 11. Relationship between BBI-ELS and the distance from the sand extraction areas in 2007 and 2009.

Impact of the Harbor construction works on the growth limit of Fucus zone
Secchi depth is used as a general pressure indicator for the growth limit of Fucus zone (Bäck & Ruuskanen
2000, Commission Decision 2013). In the influence of the Harbor dredging area (Fig. 3), the growth limits of
Fucus zone varied from 1.0 to 3.5 m in 2003 - 2008, and Secchi depth from 1.1 to 5.4 m, in respectively. In
the reference offshore area near the Island of Länsi-Toukki, the corresponding Fucus zone ranged from 2.9
to 5.1 m and Secchi depth from 3.8 to 4.2 m (Fig. 6). In the middle archipelago of Skatanselkä, outside the
direct influence of dredging, the corresponding ranges were 2.7 to 3.3 m for Fucus zone and 1.8 to 3.2 m
for Secchi depth.
Based on Secchi depth, the status near the Harbor was poor or moderate during the construction works
while in the navigable route in the sphere of influence from the Harbor, the status seemed to vary from bad
to high. The high Secchi values at 3K (5.4 and 5.7 m in 2005 and 2007) representing the high status there
are unconvincing. The observations on Fucus were too scarce to assess the tendency in status during the
construction works.
Considering the whole study area, Secchi depth explained 30% in the variation of the growth limit of Fucus
zone (Figs. 12). The Fucus zone appeared to increase along with increasing Secchi depth, excluding the two
cases mentioned above (Table 3, Fig. 3). If the high Secchi values over 5 m are true, the explanation might
be that Fucus did not had time to recover from the deterioration of the habitat by then. When leaving out
the two odd samples, the Secchi depth would account for 56% of the variation of the growth limit of Fucus
zone, which is in accordance with the EU intercalibration results (R2=6.8) in Finnish coastal waters (see
Karup et al. 2012). Similarly, a weak negative link was found between the Fucus zone and suspended solid
matter (R2=0.22). Also in this case the relationship was weakened by the same samples from 2005 and
2007; without these data, the correlation would have been better.
It must be taken into account that Secchi depth and suspended solid were measured at the near-by water
quality sites and not exactly at the same sites than Fucus zones (Figs. 3 and 5, Table 3). Hence, it could be
assumed that Secchi depth were lower and suspended solid matter higher in the sites of the navigable
route (sites 180 and 174) than those in the near-by phytobenthos lines. However, water quality data were
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not available to prove this assumption. Additionally, it was difficult to quantify the influence of natural
variation and the impact of shipping to the changes in Fucus zone based on this small dataset.
Overall, based on Fucus the ecological status was worst NE of the Harbor dredging areas in the vicinity of
site 174 and best in the outer archipelago near Länsi-Tonttu during the Harbor construction works in 2003 2008.

The lower limit of Fucus zone (m)

6
5
4

Fucus in the direct share
of influence

3

Fucus in the sphare of
influence

2

Fucus in the inner
reference area

1

Fucus in the offshore
reference area

0
0

2

4

6

8

Secchi depth (m)

Fig. 12. The relationship between the lower limit of the Fucus zone and Secchi depth in the influence area of the
Vuosaari Harbor constructions in 2003 – 2008. The direct sphere of influence was limited to the inner archipelago and
the sphere of influence in the middle archipelago. The line K14 was a reference area in the inner archipelago and K13,
K21 and K22 the reference areas in the outer archipelago or offshore areas.

Impact of sedimentation on BBI and the growth limit of Fucus
The annual sedimentation rate near the dredging areas was on an average 29.5 g/m2/d varying from 6.3 to
79.8 g/m2/d during 2003 -2007. On an average, seasonal sedimentation rate did not vary a lot: the lowest
values (27.4 g/m2/d) were measured in June and the highest (32.1 g/m2/d) in August. The growth limit of
Fucus zone did not correlate either with the annual or seasonal average sedimentation rate near the Harbor
(Fig. 13, Table 4). Unfortunately, there were not enough concurrent data to test the connection between
BBI and sedimentation rate.
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Fig. 13. Relationship between the growth limit of Fucus zone (m) and sedimentation rate (g/m2/d) near the Vuosaari
Harbor between 2004 and 2008.

Concluding marks
The impacts of the Vuosaari Harbor construction work on BBI and the growth limit of Fucus zone were
strongest in the sphere of influence of turbidity in the distance of about 2 km apart from the coast. The
data was too limited to draw any far-reaching conclusion. However, suspended solid accounted for 58% of
the variation in BBI, whereas Secchi depth explained 56% of the variation in the growth limit of Fucus zone.
In general, the ecological status in the vicinity of the Harbor seemed to be weakened along the increasing
suspended solid matter and turbidity.
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