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Introduction

The largest watercourse in the south-east of Sweden, 
Emån, is 220 km in length and discharges its waters into 
the Baltic Sea. Its drainage basin covers an area of 4,500 
km2 and the upper part of the catchment area has many 
lakes, while the lower part has none. This results in large 
variations in water flow, causing problems such as flood-
ing during spring and lack of water during the summer. 

The river Emån and its several tributaries are of na-
tional interest and the major variety of habitats is a good 
source for great biodiversity in terrestrial and aquatic en-
vironments, for example a high diversity of benthic or-
ganisms.

Due to deposition of nitrogen from agriculture, cities 
and the atmosphere, the nitrogen concentration is high 
to moderate in the main watercourse and in most of the 
tributaries, and has increased over the past three decades. 
On the other hand, the concentration of phosphorus has 
decreased over the same period and is low to moderate 
today. The river Emån and some of its tributaries are pol-
luted by metals such as cadmium, nickel and lead as a 
result of discharges from a battery factory and other fac-
tories that are now shut down. PCB and mercury from 
paper mills have also affected the watercourse. 

High levels of PCB were measured in foam of Emån 
and in fish, and large quantities accumulated in Järnsjön, in 
sediments discharging PCB to the river, see Figure 33.1. 

Because of a gradual reduction in the amount of PCBs, 
the discharge rate would probably decrease and the prob-
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lem would therefore remain for a longer period of time. 
Remediation of Järnsjön was therefore required, using a 
geotextile screen (Figure 33.2).

Lake Järnsjön has been found to contribute about 3.4 
kg of persistent pollutants per year to the Baltic Sea, 
which is a substantial amount in comparison with larger 
rivers discharging waters into the same sea. The Baltic 
Sea is very vulnerable to pollution due to its low tempera-
ture and low salinity of the water, its location and the long 
residence-time of the water. This characteristic leads to a 
high degree of accumulation of the persistent pollutants.

Figure 33.1. PCB budget for Lake Järnsjön before remediation (kg PCB/
year). Source:  Ambio, 1998,
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Remediation of Lake Järnsjön

Methods
For remedial actions, a primary alternative was selected, 
including hydraulic dredging, mechanical dewatering and 
direct disposal of the sediments in a landfill. No in situ 
treatment had proved successful for PCB-contaminated 
sediments, and therefore removal of sediments seemed to 
be the best choice.

A hydraulic dredger, specially designed for contaminat-
ed material with minimal spillage, was chosen to minimise 
resuspension of contaminated sediments. The auger is di-
vided into two separate parts which rotate in opposite direc-
tions, swinging from right to left, transporting the sediment 
to the centre of the head of the auger. Since the dredger 
that was used was designed for soft sediments, a bucket 
dredger had to be used in the southern parts of Järnsjön, 
where the sediments contained denser materials such as 
dense sand and gravel. Dredging of the eastern part of the 
lake was carried out during May to November 1993, and 
to reduce the risk to the aquatic life, dredging was stopped 
during December-April. The western part was dredged 

in the summer of 1994. After dredging, 97% of the total 
amount of PCB was removed, about 80% of this originated 
from the eastern part of the lake, the enclosed area.

An extensive programme for environmental monitor-
ing was run during the dredging operation, measuring 
the turbidity and concentrations of suspended solids and 
PCB upstream, within the enclosed area and downstream. 
A higher concentration was measured occasionally 
downstream compared with upstream during dredging. 
Generally, the downstream values were lower than the 
upstream values, revealing that the lake acts as a sedi-
mentation basin under normal conditions. Less than 0.5% 
spillage was estimated from dredging.

A geotextile screen was used as protection against 
spreading of contaminants to the other part of the lake, 
during dredging of the eastern part, see Figure 33.4. 
When it came to disposal of the dredged sediments, land-
filling was chosen because of the relatively low degree of 
contamination and slow release of PCB.

The amount of transported PCB in Emån downstream 
of the lake was suggested to be lower during dredging 
in 1993 than during dredging in 1994, despite the larg-
er amounts of PCB that were removed in the first year, 
when the geotextile screen was used. As a consequence, 
the concentrations of PCB recorded in the river were no 
higher during dredging than levels recorded under normal 
conditions, before remediation. 

Figure 33.3. The principal geological conditions in the area of Lake 
Järnsjön. Source:  Ambio, 1998,

Figure 33.2. Geotextile screen. Dredging was carried out with a suction 
dredger in the protection of geotextile screens, which were used to 
separate the eastern part of the lake (highly contaminated area) from 
the main river flow. The sediments from Järnsjön were disposed of in 
landfill, covered with over a metre of sand and gravel. Source: Ambio, 
1998,
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Figure 33.4. Map of Lake Järnsjön showing the position of the geotextile 
screen used during dredging in 1993, and the location of the landfill.
1 Groundwater level
2 Silty and sandy sediments Silty and sandy sedimentsSilty and sandy sediments
3 Peat PeatPeat
4 Lake Järnsjön Lake JärnsjönLake Järnsjön
5� Contaminated sediments Contaminated sedimentsContaminated sediments
6� Silty and sandy sediments Silty and sandy sedimentsSilty and sandy sediments
7� Glaciofluvial sediments Glaciofluvial sedimentsGlaciofluvial sediments
8 Moraine

Four possible sites were considered for the landfill, the 
final choice was chosen because of the closeness to the 
lake (250 m) and the direction of the groundwater flow.

Environmental Monitoring

Stations were set up at Lake Järnsjön and the Järnforsen 
waterfall to monitor the emissions of PCB from the lake 
sediments and their effects and to maintain guidance and 
limit values. Extended monitoring was carried out to fol-
low up on environmental effects, involving: 

•	 Studies of PCB in water at five different stations.
•	 Studies of PCB in fish at four different stations.
•	 Chemical and biological characterisation of suspend-

ed solids in Emån with analysis of PCB,  PAH and 
PCDD/PCDF.

•	 Fish physiology studies were performed that focused 
on the detoxification system of the liver, enzyme 
activity, liver and gonad size and histopathological 
studies of gills and liver.

Moreover, PCB content in air during remediation was 
measured. Remediation resulted in lowered PCB con-
centrations in sediments, fish and to a certain degree in 
water. During landfilling, PCB concentrations in air were 
elevated but after closing of the landfill the levels went 
back to background levels.

Dioxin-like effects were tested using EROD-induction 
in cultured chicken embryo livers, and the results show 
that the remediation had been successful, with only 1% 
of the activity of the pre-dredged sediment. EROD activ-
ity of the liver, skin lesions and fin erosion was the re-
sult of caging juvenile rainbow trout before remediation. 
The fish showed no signs of histopathological changes 
two years after remediation but the EROD activity was 
still slightly induced. Before remediation, the health of 
perch was examined with physiological and morphologi-
cal methods, which showed gill and liver damage with 
small biochemical/physiological effects. Two years after 
removal of PCB, the perch seemed healthy.
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