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Fig. 7. a)Cu and b) Fe isotope fractionation profile in the tailings at Kristineberg. 
Dashed line indicates the oxidation front.

5.2. Cu isotope fractionation in plants and organic material (papers I -II) 
 
As a part to obtain a Cu isotope profile in the tailings at Laver, wild grass samples 

growing on top of the analysed profile, had a 65Cu value of 0.34±0.01‰, lower than the 
one for humus (1.45±0.08‰), but heavier than the average oxidised zone (-0.22±0.05‰). 
Humus values confirm in the field the results reported by Bigalke et al. (2010b) who 
shows during a lab experiment that the process of Cu complexation in insoluble humic 
substances tends to enrich the the heavier isotope.  

Plant samples (Helianthus annuus) that grew in pots under controlled conditions
(Gessenwiese top soil) and plots in the field (Gessenwiese test site), regardless the 
amount of bacteria consortium, mychorriza or compost present, also show an overall 
enrichment in the heavier Cu isotope from soil to leaves. However, the enrichment of the 
heavier Cu isotope in the plants compared to its substrate it is contradictory to the results 
of Jouvin et al. (2012) and Weinstein et al. (2011). Several factors such as bacterial 
activity and weathering processes occurring in the field may shift the Cu isotope 
fractionation in the plants. This topic will be detailed in the section 5.3. 

 
 

5.3. Effect of organic amendments in the uptake of Cu and Fe isotopes by plants. 
(paper II) 

 
The effect of the presence of bacteria in the substrate were plants grow was studied 

regarding the way that Cu and Fe are fractionated by plants as part of a metabolic 
process. The addition of the PGPR (detailed in section 4.1.2) to sunflowers (H. annus) 
growing in pots under controlled conditions causes little variation in the Cu fractionation 
from soils to roots and plants, compared to the non-amended pots. Similar results are 
shown for the Fe isotope fractionation (Figures 8a and 8b). The best way to compare the 
bacteria effect is to relate these results to previous work, where the bacterial effect was 
minimal to none. Jouvin et al. (2012) and Weinstein et al. (2011) performed this kind of 
experiments obtaining different results to this investigation. In the literature, the authors 
reported that Cu is fractionated towards the lighter isotope from the soil to the shoots. 
The most reasonable explanation for this discrepancy is the presence of Strptomyces in 
PGPR which are known for releasing siderophores which can increase the metal 
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2. Site Description 

2.1 Laver Mine 



Figure 1.



 

2.2 Kristineberg test cells 

Table 1

3. Material and Methods 

3.1 Sampling 



 

3.2 Chemical Analysis  

3.2.1 Tailing and humus samples 

3.2.1.1 Elemental Analysis  

3.2.1.2 Cu and Fe purification.  



 

Table 2

 

3.2.1.3 Cu and Fe isotope analysis 

Separation steps Laver tailings Kristineberg tailings



 

 

3.2.2. Plant samples 



 

4. Results 

4.1 Description of the samples  

4.2 Profile characterisation 

4.2.1 Laver Mine 



Figure 2.

4.2.2 Kristineberg  

4.3. Metals in plant samples 



 

Table 3

Element
Unoxidised zone Oxidised zone 



Figure 3.

Table 4

4.4 Copper and Fe isotopic composition in the profiles 

4.4.2 Laver Mine 



 

4.4.3 Kristineberg test-cell 

Figure 4.



 

Figure 5.

5. Discussion 

5.1 Metal and S concentration in the tailings zones 





 

Figure 6.

 

5.3 Cu bioaccumulation in plants and humus 



 

5.4 Cu isotope fractionation in the tailings 



 



 



 





 

6. Conclusions 
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4. Results and Discussion 

Effects of bacteria in the fractionation of Cu and Fe in plants under controlled 

conditions.
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Addition of soil amendments in the field: possible processes affecting the 

fractionation.
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Implications for remediation

Fig. 3
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