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Abstract 
 
Leaching tests have become popular tools to assess the environmental effect of 
materials containing pollutants e.g. wastes, construction materials, soils. Batch (EN 
12457-3) and column (prEN 14405) leaching tests are both standardised. The 
standardisation regulates how the test should be performed i.e. the procedure, the 
amount of material to be used and how to handle the leachate. However, standardisation 
is often misinterpreted as quality insurance that the results of the test are relevant for 
any type of material and application. The EN 12457-3 test has thanks to the 
standardisation and its relatively low price become the most popular tests used to assess 
if waste material could be used in constructions. Basically waste materials fulfilling 
acceptance criteria for landfill for inert waste are often regarded as acceptable to reuse 
in the society.  
 
The aim of the presentation is to discuss the risk of using tests without a critical 
assessment of their relevance and limitations. Materials containing sulphides, iron and 
arsenic are specially challenging to assess as the standard batch leaching test 
underestimates the risk for leaching.  
 
The leaching of arsenic was underestimated by the EN 12457-3 test and the effect of 
open filtration, sample preparation and test conditions are discussed. The results showed 
that a material fulfilling criteria for landfill for inert waste leached more arsenic than 
was acceptable at a landfill for hazardous waste. In the second example, the documented 
generation of acidic leachate from blast furnace slag in field conditions has never been 
observed in the laboratory. The main hypothesis is that the development of unsaturated 
conditions caused the oxidation of sulphidic minerals in the blast furnace slag heap and 
generation of acid leachate.  
 
The selection of appropriate leaching tests should be done with regard to the real 
conditions that are to be assessed. Standardisation does not mean that the test is 
automatically adapted to the need. A relevant assessment requires therefore 
understanding of the geochemical process controlling the pollutant mobilisation and 
immobilisation in the actual material and its application. Such comprehension is a 
prerequisite to the selection of appropriate leaching procedures. 
 



Introduction 

 
The raising pressure to reuse waste in different types of constructions increases the 
needs for environmental assessment of the potential waste materials including the 
content of harmful elements and their ability to be mobilised and spread in the 
environment. Leaching tests have become popular tools to assess the environmental 
effect of materials containing pollutants e.g. wastes, construction materials, and soils.  
 
Redox sensitive elements such as As, Fe and Mn are difficult to assess which was 
mentioned by e.g. Van der Sloot et al (1994), Wahlström and Laine-Ylijoki (1997), and 
Fällman and Aurell (1996). The mobility of metals in natural environments depends on 
reactivity and solubility of the elements which are closely correlated to the speciation of 
the element i.e. the element’s oxidation state and its association to other phases. As, Se, 
Cr, Pu, Co, U, Pb, Ni and Cu are elements for which redox reactions are important in 
controlling their chemical speciation. Beside those contaminants, Mn (Mn4+/Mn2+ 225 
mV), Fe (Fe3+/Fe2+ +100 to -100mV), and S (SO4

2-/S2- -100 to -200mV) are elements 
which speciation and solubility is strongly influenced by the redox conditions.  
 
Batch (EN 12457-3) and column (prEN 14405) leaching tests are both standardised. The 
standardisation regulates how the test should be performed i.e. the procedure, the 
amount of material to be used and how to handle the leachate. However, standardisation 
is often misinterpreted as quality assurance that the results of the test are relevant for 
any type of material and application. The two step batch leaching test (EN 12457-3) was 
originally developed as a compliance test for waste acceptance at landfill of different 
classes while material characterisation should be done using e.g column, sequential and 
pH-stat leaching tests. However, the EN 12457-3 test has, thanks to the standardisation 
and its relatively low price, become the most popular tests used to assess if waste could 
be used in constructions. Basically waste fulfilling acceptance criteria for landfill for 
inert waste are often regarded as acceptable to reuse in the society.  
 
The aim of the presentation is to discuss the risk of using tests without a critical 
assessment of their relevance and limitations. Materials containing sulphides, iron and 
arsenic are specially challenging to assess as the standard batch leaching test 
underestimates the risk for leaching.  
 
Material and methods  

 
Two examples are used to illustrate the discrepancy between the test and the reality it is 
supposed to assess.  
 

- An arsenic polluted soil that may be used as construction material in a landfill 
cover. The soil was collected at a former industrial site in Northern Sweden, at 
Forsmo, where wood impregnation with CCA chemical K33 (w/w, 17% CuO, 
27 CrO3, and 34% As2O5) was done. Sub-samples of the soils obtained using 
fractional shovelling, air-dried, homogenised, and sieved to <2mm were used. 
The material was tested using standardised batch (EN 12457-3) and column 
leaching test (prEN 14405), batch leaching test under anaerobic conditions and 
10 and 1000 litre lysimeters where pore water and leachate were analysed 
(Lidelöw et al 2007; Kumpiene et al 2008). 



- Air cooled blast furnace slag (BFS) that was used in a road construction. The 
BFS originates from iron ore based production at the integrated steel plant 
SSAB Tunnplåt in Luleå, Sweden. The slag is formed in the blast-furnace as 
fluxing agents, mainly limestone, combine with e.g. silica and alumina 
compounds. Prior to road application, the slag was crushed to a particle size of 
0-125 mm. Leachates were collected in 30 m2 lysimeters installed below the 
pavement of a full-scale test road and compared to results of standardised 
leaching tests. Each lysimeter collects water from the middle of the road to 
about 1 meter outside the asphalted surface (Lidelöw 2008). 

 

Results and discussion  

 
There is a discrepancy between different types of laboratory tests and field results. 
There are several reasons why batch leaching tests do not simulate natural conditions 
and may lead to erroneous assessment of the material. The main limitation of batch 
leaching is that the redox conditions are not controlled and consequently do not 
necessarily represent the natural conditions in which the materials are used.  
 
Figure 1 illustrates the evolution of the arsenic concentration in the pore water in 10-
liters lysimeters filled with soil from Forsmo under saturated and unsaturated 
conditions. The experiment lasted for 3 months. The amount of arsenic leached was 
stabile at a low level (between 0.03 and 0.04 mg/l) under aerobic conditions while it 
varied between one and two order of magnitudes in the water saturated lysimeter 
(between 0.6 and 26 mg/l). 
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Figure 1 Change in arsenic concentration in the pore water over time in 10-liter 

lysimeters at 50% water-holding capacity and under saturated 
conditions (Maurice et al 2007). 

 
The development of anaerobic conditions was hypothesised to lead the increased 
leaching of arsenic. Arsenic is a redox-sensitive element the mobility of which increases 
under anaerobic conditions when it occurs as As (III). Further, arsenic is associated to 



iron minerals in soil. Under anaerobic conditions, iron is also reduced from bound       
Fe (III) to mobile Fe (II). 
 
Figure 2 illustrate the discrepancy between laboratory and natural conditions. The batch 
tests preformed on the original soil show similar arsenic leaching from the soil kept 
under saturated and unsaturated conditions while the pore waters showed a difference 
with one order of magnitude. The role of iron is further illustrated by the tests 
performed on the soil amended with iron containing oxygen-scarfing granulate (OSG). 
The arsenic leaching from iron enriched soil mixtures was one order of magnitude lower 
in the samples kept under saturated conditions while the pore water analysis showed the 
opposite relationship (results not shown, se Maurice et al 2007).  
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Figure 2 Results from batch compliance leaching test at L/S 10 with As-polluted 

soil (Maurice et al 2007). 
 
It was hypothesised that iron was dissolved under anaerobic conditions and precipitated 
together with arsenic during the batch leaching test. Figure 3 shows the element content 
in the pore water after 2 month of experiment. Beside arsenic, both manganese and iron 
are mobilised under saturated conditions compared to unsaturated conditions. The 
behaviour of copper and nickel is the opposite. Iron oxidation is a rapid process. When 
iron is oxidised and precipitate, arsenic is adsorbed to the freshly formed iron oxides, 
which is the mechanism behind the treatment method based on iron amendment in 
arsenic polluted soils (Maurice et al 2007, Kumpiene et al 2009).  
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Figure 3 Concentrations of selected metals in the pore water of soil after 2 

months in 10-liter lysimeters at 50% water-holding capacity and under 
saturated conditions (Maurice et al 2007). 

 
Geochemical reactions take time to occur. Arsenic oxidation/reduction reactions may 
require weeks to occur and the length of the test (24 hours) is too short. Figure 1 shows 
how the arsenic concentration increased with time. Column leaching tests (prEN 14405) 
done with arsenic contaminated soil revealed a significant arsenic leaching after the fifth 
step while no arsenic was observed in the previous steps (Olsson and Person 2006). The 
development of anaerobic conditions was hypothesized to require few weeks and the 
sudden occurrence of arsenic in the leachate was interpreted as a consequence of it. Iron 
oxidation/reduction is rapid (minute-hours) which means that even short exposure to air 
e.g. when preparing the sample, is enough to oxidise iron and lead to lower arsenic 
concentrations.  
 
Leachate filtration prior to analysis is therefore a critical step of the sample handling 
that may influence the leaching results (figure 4).  
 
 

 
 
Figure 4 Arsenic concentration in eluate from batch leaching test (EN 12457-3) at L/S 

2 and 10 (2+8) after filtration with open filter and syringe filter.  
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A comparison of the arsenic concentration in the 36 leachate samples from batch 
leaching test (EN 12457-3) after filtration with a syringe filter and an open filter showed 
a significant reduction of the arsenic concentration when using an open filtration (figure 
4). At L/S 2, the difference was 0.03 mg/kg (p< 0.05) and at L/S 10 (L/S 2+8) the 
difference was 1.37 mg/kg (p< 0.01). 
 
There is a need to develop standardised leaching and assessment procedures for polluted 
soils and industrial by-products in constructions comparable to the one existing for 
waste to assess leaching behaviours of soil and waste in anaerobic environments. 
Chatain et al (2005) proposed a method to assess the release of contaminants from 
contaminated sites under reduced conditions. Two chemicals were tested i.e. sodium 
ascorbate and sodium borohydride to generate different redox environments. Different 
pH conditions were also tested. Further, longer test periods (e.g. 1-2 week) and addition 
of organic mater may allow the microbiological flora to develop and lead to the 
development of redox environment. Ko et al 2005 also proposed a leaching sequence: 
acetic acid, hydroxylamine hydrochloride, and hydrogen peroxide, assessing pilot-scale 
acid washing of soil contaminated with As, Zn and Ni. 
 
Air cooled blast furnace slag (BFS) is another example of a material difficult to assess 
with standardised laboratory leaching tests. Figure 5 illustrates the pH and pE difference 
between the column leaching tests, a pilot-scale lysimeter, and a test road. The leachates 
generated in column and batch leaching test are alkaline (pH > 10) while field 
measurements revealed acid pH (pH < 6). The acidity is hypothesized to originate from 
the oxidation of reduced sulphides in the presence of air under unsaturated conditions. 
Tests performed under saturated conditions e.g. batch and column tests do not allow 
sulphides to oxidise and the buffering reactions outweigh the acid leachate generation.  
 
In the laboratory leaching test saturated conditions are usually maintained and fine 
grained (< 4 mm) slag was used, while the coarse grained material (<125 mm) in the 
test road retains water poorly and provide greater exposure to air.  
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Figure 5  Average pH and pE (±SD) of BFS leachates from a test road, a pilot-scale 

lysimeter and laboratory column leaching test (Lidelöw 2008). Data for the 
lysimeter and the column test are from Fällman (1997). 

 
 
 
 



There is a need to develop standardised leaching procedures taking into account redox 
conditions. Recommendations should be done concerning for example the length of the 
test period, air contact during material handling, particle size and filtration which are 
steps that may compromise the assessment of redox sensitive materials.  
 
Climate change is forecasted to result in increased precipitations and more intensive 
weather changes resulting in fluctuating groundwater table. One consequence will be 
that soil will be alternatively exposed to saturated and unsaturated conditions which are 
not modelled in conventional leaching tests. Many polluted areas are situated on river 
sides and harbours which will be exposed to fluctuating water levels and alternating 
redox conditions. 
 
 

Conclusions  

 
The leaching of arsenic is underestimated by the EN 12457-3 test and the effects of 
open filtration, sample preparation and test conditions have a non negligible effect the 
measured leaching. The results showed that a material fulfilling criteria for landfill for 
inert waste may leach, under saturated conditions, more arsenic than was acceptable at a 
landfill for hazardous waste. Further, the documented generation of acidic leachate by 
BFS in field conditions has never been observed in the laboratory.  
 
The natural redox conditions construction materials and wastes may be exposed to 
should be considered when characterising such materials. Awareness of the effects of 
redox reactions on the mobility of common pollutants is however low and usually not 
discussed in the risk assessments.  
 
The selection of appropriate leaching tests should be done with regard to the real 
conditions that are to be assessed. Standardisation does not mean that the test is 
automatically adapted to the need. A relevant assessment requires therefore 
understanding of the geochemical process controlling the pollutant mobilisation and 
immobilisation in the actual material and its application. Such comprehension is a 
prerequisite to the selection of appropriate leaching procedures. 
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