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Leak of a toxic agent during the construction 

of the Hallandsäsen Tunnel  

April 1rst, 1993 

Sweden 
 

 

THE FACILITIES INVOLVED 

The site: 

 
In the summer of 1991, the Government decided to construct a tunnel through the Hallandsåsen ridge in Southwest of 
Sweden. This project is part of the west-coast rail-link between Gothenburg and Malmö. One of the most difficult 
passages was the Hallandås so they had do construct a 8,6 km long tunnel (double tracks, with one track in each 
direction, 25 meters apart). Construction of the tunnel started in April 1993 and was to be completed by December 1996. 
It was estimated that the cost of construction would be SEK 1, 5 billion.   
 
The Hallandsåsen ridge is a primary horst formation consisting of rock with many fissures partly converted into clay. It is 
considerably more aquiferous than most primary rock formations in Sweden. The ridge and the neighbouring coastal 
area are considered to be of national interest and are protected by law. The project started using a gigantic drilling 
machine (TBM) but due to the material in the ridge, that would not be drilled, they changed to conventional methods. 
 
One of the problems during the construction of the tunnel was the inflow of water that was higher than permitted. This 
problem started in August 1996. The water rights court granted permission to remove 3,5 litres/second for every 1 000 
meters of tunnel. In a few months the outflow increased rapidly and was 40 litres/second at the north side (1 100 meters 
tunnel) in the summer of 1997.  
 
In December 1996,  the National rail company recommended the constructor to examine alternative chemical sealing 
agents. More than 80 or so cement-based sealing agents, which were tested earlier did not reach into all the cracks. 
One of the alternative was a chemical sealing agents used in many tunnel drillings.  

 

Risk Analysis 
Surface water pollution 
Crisis management / 
Communication on the 
spot 
Sanitary consequences 
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THE ACCIDENT, ITS CHRONOLOGY, EFFECTS AND CONSEQUENCES 

The accident: 

The first tests with injection of chemical sealing agents started in March 1997 without any information to the county 
administration board, or the municipality. On the 24th of June 1997, the sealing agent was used in full scale in 200 
meters of tunnel, still without any  information to the authorities.  

On August 14, 1997, when the county Administrative Board and the municipality were informed that a chemical product 
was to be employed, the municipality decided to ascertain the risks in more detail. After contact with the National 
Chemicals Inspectorate they sent a letter to the constructors and the railway administration requesting that they would 
use a less hazardous grouting material.  

 
Before this stage was reached, acrylamide and n-methylacrylamide had polluted the water in streams, wells and the 
ground water.  

The contruction was ceased after high acrylamide and N-methylacrylamide contants have been found in water seeping 
out of the tunnel. The contractor had taken samples of the water following complaints by workers. 

 

On September 26, fish died in a breading facility in Vadbäcken, (one of the watercourses into which seepage water was 
released). The municipality took samples of the water.  

On September 30,  three cows that had drunk seepage water became paralysed. The use of the product was stopped 
the same day until reception of the results of acrylamide-test in the water. The results arrived on the 2nd of October (The 
constructor had the results three days earlier, but did not inform the authorities). The inspector from the municipality 
Båstad ordered that animal along the brook should be removed so that they could not drink from the water course. 

 

Results of water test showed high levels of acrylamide (92 mg/l) and N-
methylacrylamide (342 mg/l) in drainage water into Vadbäcken. The cows 
drank undiluted drainage water. (WHO´s limits for drinking water is 0,0005 
mg/l. At this point there were no analysing facilities in Sweden that could 
analyse in accordance with accredited methods at that level1) Estimated 
emission to Vadbäcken during 24 hours was more than 500 kg for a few 
days. The municipality recommended that the water from wells along 
Vadbäcken should not be used. Samples of the municipal water supplies 
were taken immediately and preparations were made for transporting 
water supplies.  

On October 5th, the Båstad municipality initiated legal proceedings against 
the product manufacturer, the constructor and the national rail 
administration. More than ten persons have been summoned on charges 
of suspected breaches of environmental and working environmental 
legislation, the water act or the act on chemical products. 

The municipality and county administrative board demanded that the 
construction of the tunnel were stopped. Which it did 7 October 97, and 
still is. The decision to restart the work will be taken several years after by 
the government. 

 

Consequences of the accident: 

A crisi situation was created as soon as potential intoxication of animals was known. The lack of correct information via 
media contributed to cause panic.  

In general, foodstuffs were not passed as unsuitable for human consumption as the health risks were considered to be 
too minimal. However, with reference to the precautionary principle, the Swedish national food administration, decided 
that 370 animals (dairy cows, suckling cows, bulls, deer, sheep and horses) were to be slaughtered. In the beginning 
even the milk (330 t) was poured away. Vegetables and root-crops were dumped and, for a time, growers found it 
difficult to sell their produce.  

20 of the 223 workers who were medically examined immediately after cessation of construction were diagnosed as 
suffering from peripheral effects on the nervous system (irritations, numbness in their arms or legs...)  

                                                      
1 Since the beginning of March 1998, laboratories have been able to analyse the extremely low levels required in a quality 
assured manner down to a level of 0,0005 mg/l. The risk zone classification could then be removed. I was unnecessary to 
maintain the risk zone for such a long time. 
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As far as people living in the neighbourhood were concerned, exposure primarily took the form of polluted water 
supplies. In all, water from 310 wells was analysed. Acrylamide/N-methylacrylamide was detected in 29 cases. A total of 
196 persons from 75 households in the area were examined. It was considered that people living on or close to the 
Hallandsåsen ridge had not been subject to any physical health risks. 

 

Regarding the costs, a compensation that reached 31 millions SEK (about 3,7 M€) has been paid for slaughtered 
animals, farming produce which the market rejected, cancelled hunts, damage to business activities, decreased property 
value and personal injuries. House-owners have been connected to the municipal water network, new wells for irrigation 
were drilled, and fencing installed along the Vadbäcken.   
 
Other costs:  
 

√ Decontamination:  100 million SEK (11,8 M€).  
√ Lining of tunnel:  200 million SEK (23,6 M€)  
√ New wells for drinking-water: 25 million SEK (3M€).  
√ Analyses: 10 million SEK (1,2 M€) 
√ Water transports:  15 million SEK (1,8 M€).  
√ Creation of an inspection group "Miljögranskningsgruppen" : 30 million SEK (3,5 M€) 
√ Delayed construction of the tunnel : 250 million SEK (29,5 M€) 

 

That is, in total 630 M SEK (about 75 M€). 

 

The European scale of industrial accidents 

By applying the rating rules applicable to the 18 parameters of the scale officially adopted in February 1994 by the 
Member States' Competent Authority Committee for implementing  the ‘SEVESO II’ directive on handling hazardous 
substances, and in light of the information available, this accident can be characterised by the four following indices: 

 

The parameters composing these indices and their corresponding rating protocol are available from the following 
Website: http://www.aria.developpement-durable.gouv.fr 

The overall level of the "hazardous materials released" index reached 4, as 1,400 tonnes of mix had been used, an 
amount that corresponds to a quantity of acrylamide and N-methyl acrylamide estimated at approx. 140 tonnes 
(parameter Q1 – quantity released between 10% and 100% of the 200-tonne SEVESO threshold). 

The "human and social consequences" index also reached 4, given that 20 employees became intoxicated (parameter 
H4) while many nearby residents had their drinking water supply cut (parameter H7). 

The "environmental consequences" index posted a 1 reading as a result of local meat and vegetables being deemed 
unfit for human consumption. 

The overall "economic consequences" index scored a 5 (for details, see above). 

 

THE ORIGIN, CAUSES AND CIRCUMSTANCES SURROUNDING THE ACCIDENT 

 

The product has been used since 1950 and in a number of major international construction projects in the last twenty 
years. It consists of two solutions that are mixed with water: acrylamide and sodium silicate (water glass) which is set to 
a gel. The acrylamide is polymerised and a dense elastic substance is formed. The acrylamide forms long chains bound 
together to form a three-dimensional network. An accelerator is added to speed up the setting process. Mixing the 
accelerator, the accrylamide and the water glass incorrectly or diluting too much with water results in a poor reaction, or 
at worst no reaction at all. If this occurs then traces will remain of the original - and toxic - acrylamide or the speed at 
which it changes from fluid to solid is reduced. 

 

In the process, injection of the product into cracks in rock took place after the mixing but before the gel has formed. As 
the acrylamide is water-soluble and can be treated as a fluid before it reacts, it can be used as a sealant under difficult 
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conditions. The gel that is formed during the process expands in the cracks, strengthening the agents blocking effect 
and sealing holes and pores in the rock.  

On this tunnelling work, the large amounts of water and the high water pressure (15 Bar) in Hallandsås diluted the 
mixture and the acrylamide went directly into the surface waters. 

 

Acrylamide is principally a neurotoxin, which causes damage to the peripheral nervous system, in the event of skin 
contact or when consumed orally by drinking. There is reason to suspect that acrylamide may cause cancer and 
hereditary genetic damage.  

By the time construction ceased, a total of 1 400 tonnes of ready-mixes grouting had been used which, it is estimated 
corresponded to approximately 140 tonnes of acrylamide and N-methylacrylamide. It was planned to use 23 000 tonnes 
ready-mix. 

No adequate preliminary test had been undertaken: in March 1997, the product was in fact tested in the laboratory to 
measure its long-term strength; however, environmental impacts were not assessed at the time. 

 

ACTIONS TAKEN  

 
The use of the product is stopped and the work in the tunnel will be blocked for several years.  

 

LESSONS LEARNT 

 

According to authorities, in this particular case: 

 

√ reduced-scale testing with an environmental impact assessment had been performed, with the operator 
restricting its scope to testing for long-term material strength. The safety analysis therefore remained 
incomplete. 

√ greater transparency on the part of the site operator with respect to local authorities, along with a quick relay of 
information, would undoubtedly have reduced the environmental impact (by stopping works earlier). Such a 
communication strategy, in conjunction with news releases through the media, would most likely have helped 
limit the outbreak of panic observed in the area. 

 


