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ABSTRACT 
Between 1928 and 1976, a sawmill was located at the shore of Brosjön in the small village of 
Ydrefors in Ydre municipality in eastern Sweden. During the last ten years of the sawmill’s 
operating years, a product namned Servarex was used to prevent fungus attacks of the timber. 
Servarex caused a contamination of dioxins in the soil, as well as pentachlorophenol (PCP) in 
groundwater. In the main study, the sampling revealed concentrations of dioxins (610,000 
ng/kg) that was the highest detected level in Sweden. During the autumn of 2013, RGS 90 
performed remediation of dioxins contaminated soil and sediment through excavation. The 
dioxins contaminated soil with levels above the hazardous waste limit (15,000 ng/kg) is not 
allowed to be deposed in Sweden. The soil was therefore successfully treated with chemical 
oxidation at RGS 90:s facility in Norrköping, Sweden.  
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1 INTRODUCTION 

Dioxins are a group of compounds which are very toxic and can cause e.g. cancer, immune 
deficiencies and reproductive changes. They have a low solubility and adsorbs very hard to 
organic matter. Also, they are highly persistent in nature and bioaccumulative. Dioxins are 
usually known to associate with saw mills, pulp and paper mills as well as organochlorine 
pesticides productions.  

The Swedish limit for hazardous waste concerning dioxin is 15,000 ng/kg. Soil containing 
contamination levels above the hazardous waste limit must be treated in order to irreversibly 
destroy the long lived pollutants, as stated in the regulations of the POP convention. Within 
Sweden, the way of achieving this has been through thermal treatment. Thermal treatment, 
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however, has the down-sides in being located to one single facility often resulting long 
transports and being a very energy consuming and expensive treatment (~400 €/ton).  
 
2 THE YDREFORS SITE 
 
Between 1928 and 1976, a saw mill was located at the shore of Brosjön in the small village of 
Ydrefors in Ydre municipality in eastern Sweden. During the last ten years of the saw mill’s 
operating years, a product namned Servarex was used to prevent fungus attacks of the timber. 
Servarex caused a contamination of dioxins in the soil, as well as pentachlorophenol (PCP). In 
the main study, the sampling revealed concentrations of dioxin (610,000 ng/kg) that was the 
highest detected levels in Sweden.  
 
During the autumn if 2013, RGS 90, performed excavation of the dioxin contaminated soil as 
well as the dioxin contaminated sediments along the shore of Brosjön. In total, about 5,000 
tons were excavated where about 10 % were estimated to contain dioxin levels above 15,000 
ng/kg. This soil was transported to RGS 90’s facility in Norrköping where RGS 90 are 
developing a new technique for treatment of dioxin contaminated soils with chemical 
oxidation.  
 
3 THE TREATMENT TECHNIQUE 
 
Chemical oxidation can be performed in several different ways where two of them are 
Fenton’s reagent and base activated persulphate. These two are the main technique that RGS 
90 has used to remediate the dioxins.  
 
There are also other techniques that have been proved to be able to remediate dioxins, as an 
example, zero-valent iron (ZVI) can be named. Micro and nano sized ZVI has been shown to 
degrade dioxins, although very slow. However, when the ZVI became palladized the reaction 
was 3-4 times faster [2]. Also, there has been shown that dioxins are possible to treat through 
milling with calcium oxide [3]. Furthermore, there has been shown that it is possible to extract 
dioxins from soil using 90 ̊C water and that it is possible to oxidize dioxins with UV light 
combined with an photometric catalyst (titanium oxide) [4].   
 
Fenton’s reagent is based upon the reaction of hydrogen peroxide which is capable of 
oxidizing dioxins. The hydrogen peroxide is usually iron activated to form hydrogen radicals 
and hydroxyls that provides an extremely quick oxidative reaction. Persulfate generates 
sulphate radicals when activated by a base. The radicals then provides an oxidation similar to 
the one provided by Fenton’s reagent.  
 
A 99 % reduction of dioxins has been shown to be oxidized using three treatments of Fenton’s 
reagent [1]. However, the trial was performed at a bench scale, which does not meet the same 
challenges as a large scale trial. Some of the issues of a large scale trial includes that the 
extremely fast reaction of Fenton’s reagent which causes difficulties dispersing Fenton’s 
reagent in the soil, as well as the explosive risk of concentrated oxygen from hydrogen 
peroxide and the working hazards for the personnel performing the treatment.  
 
RGS 90 has, through performing a controlled treatment with Fenton’s reagent and persulphate 
been able to reduce the dioxin levels in a sandy soil by 27-55 % and thereby lowering the 
dioxin levels to beneath the level of required treatment. The treatment can be repeated if the 
remediation goal is not achieved at the first attempt, with an estimated treatment cost of 1/3 of 
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thermal treatment. This treatment can be used at any facility with the proper permissions, 
thereby drastically reducing the transport costs.   
 
4 CONCLUSIONS 
 
In comparison to the common technique used today for treating dioxins (thermal treatment) 
dioxins can also be treated by Fenton’s reagent as well as persulphate. These treatments 
provide a much smaller cost than thermal treatment and also are not restricted to a single 
location in Sweden.  
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