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ABSTRACT 
 

Northland Resources’s Tapuli iron ore mine site is located in North East of  Sweden. The waste 
facilities for tailings and waste rock are surrounded by peatland and the leachate from the 

waste will in the future infiltrate the peat area over a long period. Northland therefore wanted 
to investigate the natural capacity of  peat to attenuate metals from a simulated waste rock 

leachate, produced to correspond to waste rock leachate that will be generated in field. Peat 
was sampled as undisturbed as possible in December 2012. Waste rock leachate was produced 

from a waste rock mixture provided by SRK by using the method for Net Acid Generation test, 
which include dissolution with hydrogen peroxide. Since the NAG test procedure is a method 
to dissolved sulphide-rich material, it was not an appropriate method of  choice to dissolve 

carbonate-rich waste rock, such as the waste rock used in this study, to simulate waste rock 
drainage. 

 
The peat and waste rock was analyzed for its chemical composition and waste rock for its acid 

generation potential. The waste rock had very low heavy metal content as well as rather low 
concentrations of  S, but high content of  carbonates as marble. The simulated waste rock 
drainage showed low metal concentrations (much lower than anticipated), and only Cr, Mo 

and S showed higher elemental concentrations in the simulated waste rock leachate than in the 
peat itself. The waste rock was considered as non-acid producing and the high marble content 

(enrichment of  calcite and dolomite) promoted formation of  neutral rock drainage.  
 

The feed solution was flowing up through the peat in a column for three weeks at an average 
temperature of  40C. The L/S ratio was 100 the first two weeks and 9 the third week. Inflow 
and outflow leachate was analyzed for anions and elemental concentration, as well as pH, 

redox potential and electrical conductivity.  In the outlet water pH decreased from 6.6 to 3.4 
during the first week and the release of  dissolved organic material was high, probably due to 

that the peat was oxidized by the feed solution, which might have contained oxidation species 
from the hydrogen peroxide. Due to the very low sulfur content as well as the high buffering 

capacity in the Tapuli waste rocks, the NAG test was not a suitable way to prepare a simulated 
leachate from waste rock. This was confirmed by the high oxygen concentration determined in 
the feed solution compared to the outlet water. The peat showed variations in attenuation 

during the three weeks with a rather constant attenuation of  the metals such as Cr and Mo, 
and an initial release of  primarily Al and Fe.  

 
If  the waste rock mixture provided by SRK Consulting was representative, the waste rock 

leachate should not be an environmental problem in itself. Nor should it, in a long term 
perspective, affect the peat in a greater extent than the release of  metals that were already 
found in the area.  
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DEFINITIONS 
 
CEC   Cation Exchange capacity 
 

MAC   Maximum Adsorption Capacity 
 

NAG   Net Acid Generation 
 

NRD   Neutral Rock Drainage 
 
WRA   Whole rock assay 

 
Waste Rock Rock and overburden excavated and mined from surface and 

underground operations, to access the ore at a mine site. 
 

ELEMENTS 

Al  Aluminum 
As  Arsenic 
Ba  Barium 
Ca  Calcium 
Cd  Cadmium 
Co  Cobalt 
Cr  Chromium 
Cu  Copper 
Fe  Iron 
Hg  Mercury 
K  Potassium 
Mg  Magnesium 
Mn  Manganese 
Mo  Molybdenum 
Na  Sodium 
Nb  Niobium 
Ni  Nickel 
P  Phosphorus 
Pb  Lead 
S  Sulphur 
Sc  Scandium 
Si  Silicon 
Sr  Strontium 
U  Uranium 
V  Vanadium 
W  Tungsten 
Y  Yttrium 
Zn  Zinc 
Zr  Zirconium 

 
CARBON 

TOC  Total Organic Carbon 
DOC  Dissolved Organic Carbon 

 
ANIONS 

N-tot  Total Nitrogen 
NH4-N  Ammonium   

NO3
-  Nitrate 

NO2
-  Nitrite 

Cl-   Chloride 
SO4

-.  Sulphate 
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1 INTRODUCTION 
1.1 Background 
Peat has for the past three decades been the subject of  numerous studies of  its capacity to 
attenuate metals and nutrients. It is generally known that peat has a good capacity to retain 

heavy metals and nutrients under natural conditions resulting in lower concentrations of  these 
elements in the ecosystem (Couillard, 1993). It has due to its special properties and low cost 
been successfully used for treatment of  industrial and sewage contaminated waters as well as 

waste waters (Couillard, 1993; Koivula et al, 2009). The usage of  natural peat as an adsorbent 
medium in treatment of  mining related water is, however, limited. Also limited is the 

knowledge of  the potential release of  metals and other substances and under which conditions. 
 

At the Tapuli iron ore mine operated by Northland Resources the waste facilities for tailings 
and waste rock are surrounded by peatland. The generation of  waste rock material will be 
approximately 250 Mton. The leachate from the waste rock dumps will infiltrate the 

surrounding peat areas before flowing into nearby recipients.  Based on previous research on 

peat of  the capacity to retain metals, it is desirable to understand how the peat area 

surrounding the waste rock dump will attenuate elements in the waste rock leachate. 
 

1.2 Objective 
This thesis is linked to an ongoing study performed by SRK Consulting UK focusing on 
attenuation of  metals in acid leachate from the Sahavaara mine waste rock, but also studies of  

attenuation in field at Tapuli during construction and production.  
 
The objective for this thesis is to investigate the capacity of  natural peat to attenuate metals 

originating from simulated waste rock drainage with neutral or slight alkaline pH. The study 
includes the following parts: 

 

 Characterization and comparison of  peat and waste rock connected to prior studies 

 Preparation of  a waste rock leachate 

 Attenuation/release of  metals and other substances in peat 
 

1.3 Limitations 
This master thesis is a collaboration between Luleå University of  Technology (LUT) and 

Northland Resources AB. The project has formally been running from January to June 2013 
but it started with the building of  a peat sampler and columns as well as several scouting trips 

during the autumn of  2012, and the actual day of  sampling, 20th December, 2012.  
 
The setup is an upwards percolation of  simulated waste rock drainage through a see-through 

column. In other words, it does not take into account the natural horizontal flow that would 
occur in nature or the partial oxygenation of  the upper part of  the peat. The study was 

conducted in a climate cabin, at Luleå University of  Technology, with the idea to simulate a 

colder climate with an average temperature of  4°C considering the annual average temperature 

of  0°C at site. The leaching experiment was supposed to be carried out for 9 weeks but had to 

be terminated after 3 weeks due to problems with the leachate.  
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2 GENERAL THEORY 
2.1 Peat 
Peat is defined as partially decomposed organic material that has accumulated in a moist 
environment (Swedish Peat Research Foundation). When plant growth exceeds the rate of  

residue decomposition, peat is formed (Brady et al, 2002). There has to be an abundance of  
water for peat to form. The plants will sink into the water which will result in a lack of  oxygen 
that only partly allows the organic material to decompose (Swedish Peat Research 

Foundation).  A common way in which peatlands are formed is through the overgrowing of  
lakes and wetlands. This can either be due to high precipitation or because groundwater is 

leaking out of  the area (SGU, 2013). 
 

Peat deposits are found all over the world but they are more common in the northern parts. 
The rate of  peat accumulation varies from one area to another, depending on the balance 
between the plant growth and loss by decomposition. Cool climate and acidic environment 

favors slow decomposition as well as lower plant production (Brady et al, 2002) 

 

Various studies reveal that the concentration of  heavy metals in many European wetlands is 
higher in the uppermost part than in the lower. This is considered to be directly related to the 

last 100-160 years of  increased atmospheric pollution (Smieja-Król, 2010). Peat also has the 
natural ability to concentrate metals from surrounding quaternary and bedrock deposits. 
 

2.2 Adsorption 
Adsorption is known as the capture of  atoms, ions and molecules by surfaces (Albarède, 2009).  
 
Depending on the type of  bonding involved, sorption can be classified as follows; 

 
Physical sorption  
No exchange of  electrons is observed. The sorption is rather occurring due to intermolecular 

attractions between favorable energy sites. Physical sorption is therefore independent of  the 
electronic properties of  the molecules involved. This results in that the adsorbate only is held to 

the surface by relatively weak van der Waals forces. 
 

Chemical sorption 
It involves an exchange of  electrons between specific surface sites and solute molecules with 
the formation of  a chemical bond (covalent bond) as result. Chemical sorption is characterized 

by interacting energies between the surface and adsorbate. 
 

Electrostatic sorption (ion exchange)  
This is a form of  sorption since the substance is captured by a solid. There is, however, a 

characteristic difference between electrostatic sorption and previously mentioned type of  
sorption. Ion exchange is a stoichiometric process. For every ion that is removed, another ion 
with the similar charge is released into the solution (Inglezakis and Poulopoulos, 2006). This 

means that Na+ ions adsorbed to a surface can be exchanged with Ca2+, but considering the 
different charge of  the ions, only half  as much Ca2+ as Na+ can claim the sites (Zhu and 

Andersson, 2002). 
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The adsorption-desorption processes 
Particles can have a fixed charge or an unfixed charge. Depending on the type of  charge it can 

be balanced in several ways. 
 
Fixed charge 

Sorption can occur through cations attaching directly to oxygen ions that are exposed at the 
surface, also known as inner sphere complex. Cations that are surrounded by water molecules can 

attach to the surface through bonds between the molecule and the particle surface, also known 
as outer sphere complex. The outer sphere complexes are much weaker than the inner sphere 

complexes and are readily exchanged with other ions. The remaining negative charge is 
balanced by a diffusive layer of  counter ions. These ions are not attached to the particle surface 

itself. The positive counter ions are, however, more abundant than the negative counter ions 
and this is what balances the remaining particle charge (figure 1).  

 

 

Figure 1  A schematic representation of  a mineral surface. Modified according to Zhu and Andersson 

(2002). 

 
Non-fixed charge 

Not all particles have a fixed charge (e.g. oxyhydroxides) and for those, the surface charge 
varies as a function of  pH. The surface charge is due to complexation reactions which involves 

surface hydroxyls. 
 
At low pH the  surface hydroxyls will combine with H+ in solution and form positively charged 

surface complexes (Eq. 1) while as for increasing pH the H+ will return to solution (Eq. 2) 
(Eby, 2004). 

 

𝑆 − 𝑂𝐻 + 𝐻+ → 𝑆 − 𝑂𝐻2
+         (Eq. 1) 

 

Increasing pH 

𝑆 − 𝑂𝐻 + 𝑂𝐻− → 𝑆 − 𝑂− + 𝐻2𝑂        (Eq. 2) 

 
Where  

S  represents a surface metal cation (Al3+, Mg2+, Fe3+, etc) 
 

  

bulk water 

diffuse layer 

Stern layer 

solid phase 

inner-sphere complex 

outer-sphere complex 

Ca 

Si 

O 
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2.2.1 Isotherms 
The driving forces behind all adsorption processes originate from the thermodynamic 

Equilibrium between the fluid and solid phases. The rate with which a mass is transferred is 
limited by either the rate of  diffusion through the fluid phase or the rate of  sorption onto/into 

the sorbent. An isotherm is an Equation which describes the Equilibrium between the fluid and 
solid phase, thus the adsorption behavior (Noble et al, 2004). 

 

Langmuir isotherm 

The Langmuir isotherm is kinetic and assumes that the adsorption system is in dynamic 

Equilibrium thus assuming that the rate of  adsorption is Equal to its desorption (Eq. 1). 

It is based on the following assumptions; 

1. The adsorbent surface has a fixed number of  identical individual “spaces” in which an 
adsorbate molecule can reside. 

2. The adsorbent surface will accumulate only one layer of  adsorbate molecules. 

3. Reversible chemical Equilibrium is assumed to exist (Noble et al, 2004). 

 

𝐶𝑎𝑑𝑠 =
𝑆𝑚𝑎𝑥𝐾𝐶𝑠𝑜𝑙𝑛

1 + 𝐾𝐶𝑠𝑜𝑙𝑛
 

(Eq. 3) 

 

Where 

Cads is the concentration of  the substance of  interest that is adsorbed on the 
solid phase 

Smax is the maximum sorptive capacity for the surface (i.e., the number of  
adsorption sites available per unit surface area 

  K is the adsorption coefficient  

  Csoln is the concentration of  the substance of  interest in solution (Eby, 2004) 
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2.2.1.1 Freundlich isotherm 

It is also called the Langmuir-Freundlich isotherm and it differs from the Langmuir isotherm in 

two ways. First of  all it does not assume that the energy of  adsorption is the same for all the 
surface sites. The energy of  adsorption will in reality vary because real surfaces are 

heterogeneous. Secondly it is assumed that each adsorbate occupies n sites (Noble et al, 2004) 

 

𝐶𝑎𝑑𝑠 = 𝐾𝐶𝑠𝑜𝑙𝑛
𝑛            (Eq. 4) 

 

Where 

Cads is the concentration of  the substance of  interest that is adsorbed on the 

solid phase 

Smax is the maximum sorptive capacity for the surface (i.e., the number of  
adsorption sites available per unit surface area 

  K is the adsorption coefficient  

  Csoln is the concentration of  the substance of  interest in solution 

  n is an exponent (Eby, 2004) 

 

2.3 Peat as an adsorbant 
Peat is typically spongy in nature, has a high surface area (>200m2 g-1), a high porosity as well 

as a high cation exchange capacity (CEC) (Asplund et al. 1972). The adsorption capacity of  
peat has been found to vary depending on the peat studied and solution properties, such as pH, 

metal ion concentration, ionic strength and the presence of  other ligands (Kalmykova et al 
2008). The aim of  most studies of  peat as a metal adsorbant has been to estimate the 

Maximum Adsorption Capacity (MAC) of  (processed) peat, in other words not natural peat. 
To estimate MAC, higher metal concentrations were used than those observed in e.g. natural 
waters and waste waters (Crist et al 1999; Ho and McKay 1999; Ringkvist et al 2002; 

Twardowska and Kyziol 2003). 
 

Peat is considered to have a non-fixed charge and metal removal is thought to occur by different 

ion exchange reactions (Crist et al. 1996; Scherer et al. 2000). The high capacity of  peat to 

attenuate metals is largely due to its non-fixed charge. The peat has active sites of  alcohol, 

aldehydes, ketones, acids, phenolic hydroxides and other functional groups of  decomposing 

lignin that has the ability to sorb metals (Gupta et al. 2009).  Evidence of  metal complexation 
involving carboxylic groups has also been found. This mainly due to the inner-sphere complexes 

(Spark et al, 1997 and Leenheer et al, 1998). 
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3 GEOCHEMICAL PROPERTIES OF MATERIALS AND WATER 
3.1 Peat, previous studies 
Peat used in this study originates from the peatlands in and around Tapuli mine site operated 
by Northland Resources (figure 2). The central body ore is located under approximately three 

meter of  peat and nine meter of  till. The depth of  peat in the area varies from 0.7-5.5m 
(appendix 9.3, figure 11). 
 

The consultant company Pöyry did in 2009 a study of  the peatlands prior to any mining. 
Sampling coding/coordinates are shown in Table 7.  The sampling was conducted 30 March to 

1 April, 2009. A frozen layer of  ice (0.20-0.30m) was penetrated by a common ice drill. Below 
the ice a layer of  frozen peat (0.20m) was observed. Sampling of  the peat itself  was carried out 

by a handheld drill of  type Hilleri. Samples were taken to glass jars. Total amount of  samples 
taken were 12 and 6 of  these were sent to laboratory for analysis. The chemical composition of  
the 6 samples is found in table 1. 

 

The deeper layers of  peat can be considered as well moldered (H7-H9)0F

1 and the upper layers 

are naturally lower (H3-H4)1F

2 (Pöyry, 2009). See appendix 9.1, Table 19 for more detailed 
description of  the Von Post classification. 

 
The solid peat samples were dried overnight in room temperature followed by grinding and 

sieving (<2 mm). Extraction was made by aqua regia. The dry matter varied from 5.5 -11% in 
the samples. 

 
As seen in table 1 the dominating elements are Al, Ca, Fe, Mg, Na, P and S. The other 
elements are found in lower concentrations and many of  them were below the detection limit. 

The concentrations varied slightly depending on where the samples were taken but can be 
assumed as very similar regardless of  sampling location. As seen in table 1 the peat had very 

low metal concentrations in comparison to the Earth’s average crustal composition. Higher 
concentrations of  S were found in the solid peat samples.  
  

                                                 
1 The mouldering is quite strongly to nearly fully developed. Plant remains might still be able to be partly 

identified to not being identifiable  
2 The mouldering is very slight to slight. Plants are still dark but still identifiable to slightly amorfic. When pressed 

½ to nearly all will go through the fingers. If  any water diverges it will be very dark. Diverging water is muddy to 

very muddy and the peat can feel porridge like when pressed, it does however hold its form. 
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Table 1  Elemental concentrations of  dried peat samples (Pöyry, 2009) in comparison to average 

abundance of  Earth’s crust (Taylor, 1964). 

   

 

 
Pöyry also performed sampling of  peat pore water besides the actual peat sampling. Standpipes 
were installed and for every sampling depth a separate pipe was installed. As seen in Table 2 

the field measurements showed a pH around 6 of  the pore water that can be considered higher 
than the average peat with a pH that is considerably lower, sometimes <5 (Pöyry, 2009). 

Oxygen content of  pore water varied quite a lot but it was at least moderate. The measured 
redox values did, however, show reducing conditions in the pore water. 
 

Table 2   Field analysis of  the peat pore water samples (Pöyry, 2009). 

  
 
Besides field measurements there were also samples taken of  the pore water that were analyzed 

for their elemental content. Due to the characteristics of  the peat water samples, they had to be 
partly filtered with 12-25 µm filters. For dissolved concentration, filtering with 0.45 µm filter 

was carried out. 
 

  

Element Unit
Mean Earth's 

crustal abundance

Al ppm 3200 1200 230 170 240 200 8200

As ppm <0.2 <2 <2 <2 <2 <2 1.8

B ppm <2 <2 <2 3 <2 <2 10

Ba ppm 69 78 47 44 9 21 430

Be ppm <1 <1 <1 <1 <1 <1 2.8

Ca ppm 2800 6800 6800 8800 8400 9400 42000

Cd ppm <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2

Co ppm <3 <0.3 <3 <3 <3 <3 25

Cr ppm 5 4 <1 <1 <1 <1 100

Cu ppm 3.9 5.3 <1 <1 1 <1 55

Fe ppm 8700 16000 11000 15000 5900 11000 56000

K ppm 33 41 17 13 11 <10 21000

Mg ppm 520 1300 880 1100 200 270 23000

Mn ppm 13 19 21 33 8 17 950

Mo ppm <2 <2 <2 <2 <2 <2 1.5

Na ppm 230 250 280 220 190 170 24000

Ni ppm 10 7 1.2 1.4 <1 1.7 75

P ppm 530 440 390 390 310 220 1100

Pb ppm <4 <4 <4 <4 <4 <4 13

S ppm 1400 1500 1400 1900 1600 1900 260

Sb ppm <2 <2 <2 <2 <2 <2 0.2

Sn ppm <1 <1 <1 <1 <1 <1 2

V ppm 4 <3 <3 <3 <3 <3 140

Zn ppm 4 <2 3 <2 <2 2 70

2009-2                              

1-1.5 m         2-2.5 m

2009-4                              

1-1.5 m         2-2.5 m

2009-1                              

0-0.5 m         2-2.5 m

2009-1        

2-2.5 m

Temp [C0] 3.3 0.94 3.3 1.3 3.0

Ec [mS/m] 18 22 26 19 21

TDS [g/l] 0.11 0.14 0.17 0.12 0.14

DO % 88 31 17 26 60

DO [mg/l] 12 4.2 2.0 3.8 8.2

pH 7.1 6.3 6.0 5.4 5.5

pHmV -63 -17 -4.2 26 25

ORP 86 98 87 130 120.00

2009-2                              

1-1.5 m         2-2.5 m

2009-4                              

1-1.5 m         2-2.5 m
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As seen in table 3 all elements had a lower concentration in the upper 0.5m than in the whole 
average peat profile. A comparison of  the total concentration and the dissolved concentration 

for both whole peat profile and 0-0,5m showed that redox elements such as Fe were more 
abundant in the dissolved phase. Elements that dominate in the peat pore water are Ca, Fe, K, 

Mg and Na. 
 

Table 3  Elemental concentrations of  the peat pore water samples. Both total (filtered 12-25 µm) and 

dissolved (<0,45 µm) concentrations are shown. Samples 0-0,5m originates from sampling 

locations 2009-2 and 2009-4 (Pöyry, 2009). 

  
 

The cation exchange capacity (CEC) of  the peat was determined by SRK consulting to 
57mEq/100g (Barnes et al, 2013).  

Element Unit
Average total 

conc.

Average 

dissolved 

conc.

Average 

PEAT 0-0.5m 

tot

Average 

PEAT 0-0.5m 

dis.

Al µg/l 26 11 5.6 6.0

As µg/l 0.15 0.13 0.17 0.18

Ba µg/l 11 11 6.1 6.6

Ca µg/l 8600 9500 4900 5200

Cd µg/l 0.039 0.025 0.016 0.013

Co µg/l 0.30 0.30 0.10 0.10

Cu µg/l 0.80 2.1 0.30 0.70

Cr µg/l 0.20 0.30 0.20 0.30

Fe µg/l 4800 3600 1300 1900

Hg µg/l <0.0020 <0.0020 <0.0020 <0.0020

K µg/l 830 1100 200 200

Mg µg/l 2100 2200 1300 1300

Mn µg/l 38 41 17 18

Mo µg/l 0.13 0.080 0.030 0.030

Na µg/l 1100 1600 420 530

Ni µg/l 0.50 1.0 0.10 0.30

Pb µg/l 0.30 0.10 0.20 0.20

Sb µg/l 0.080 0.060 0.070 0.040

Zn µg/l 23 28 4.6 8.2
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3.2 Waste rock 
3.2.1 Characterization 

The mixture of  waste rock was provided by SRK Consulting via Northland Resources AB. The 
mixture was composed to correspond to the future modeled over all waste rock mined at the 
Tapuli mine site. The rock types in the waste rock mixture are shown in Table 4. The major 

part of  the waste rock was classified as skarn, phyllite and marble. A more thorough 
characterization was not available within this thesis.  

 
The theoretical weight was calculated according to (Eq. 5) 

 

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 =
𝑆𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛  𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒
∗ 𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑠𝑖𝑧𝑒 

            (Eq. 5) 
 

Table 4   Characterization of  waste rock 2F

3 (SRK Consulting UK, 2012). 

 
 
3.2.1.1 Chemical composition 

The chemical composition of  the waste rock was determined by a whole rock assay (WRA) 

(table 5) (SRK, 2010). All drill cores did for at least one element show elevated concentrations 
(table 5). When comparing the theoretical weight for each drill core in table 4 with elemental 

concentrations found in table 5, the waste rock showed overall elevated concentrations of  As, 
Ca, Cr, Mg and S (appendix 9.2, table 22) compared to the Earth’s average crustal composition 
(Taylor, 1964). Low S suggests low sulphide content. Some of  the drill cores were more 

abundant in S which suggests higher sulfide content. The marble cores were shown to be high 
in Ca and Mg while low in Si. This could be an indication of  high calcite (CaCO3) and 

dolomite (CaMg(CO3)2) content. As seen in (table 5) the heavy metal content was low although 
there were significant variations between elements.   

                                                 
3 SAH Low S originates from Sahavaara not Tapuli but was chosen due to its properties being similar to those of  

Tapuli. 

Hole ID Rock type Deposit Sulfur content

Sample in 

composite 

[kg]

Total in 

composite 

[kg]

Composite 

size          

[kg]

Theoretical 

weight       

[kg]

TPL07032 High S WR Tapuli High S 1.245 0.68        

TPL07036 High S WR Tapuli High S 1.090 2.335 1.280 0.60        

TPL08MET24 Skarn Tapuli Low S 2.430 2.27        

TPL09009 Skarn Tapuli Low S 1.400 1.31        

TPL09010 Skarn Tapuli Low S 1.285 5.115 4.770 1.20        

TPL09007 Phyllite Tapuli Low S 1.155 1.16        

PAL08001 Quartz Phyllite Tapuli Low S 1.000 1.00        

SAH Low S SAH Low S Sahavaara 0.300 0.30        

TPL07030 Phyllite Tapuli Low S 0.515 2.970 2.970 0.52        

TPL08016 Marble Tapuli Low S 1.050 0.84        

TPL08028 Marble Tapuli Low S 0.994 0.80        

TPL09019 Marble Tapuli Low S 0.000 2.044 1.640 -           

Total: 10.66       



The capacity of  natural peat to attenuate metals from simulated waste rock drainage 

10 
 

Table 5  Elemental concentrations in drill cores. Determined by WRA (SRK, 2010) in comparison to 

average abundance of  Earth’s crust (Taylor, 1964). 

 
  

Element Unit TPL07032 TPL07036 TPL08MET24 TPL09009 TPL09010 TPL09007 PAL08001 TPL07030 TPL08016 TPL08028 TPL09019 Mean Earth's crustal 

abundance

High S WR High S WR Skarn Skarn Skarn PhylliteQuartz PhyllitePhyllite Marble Marble Marble

Al ppm 25000 35000 10000 31000 21000 15000 40000 28000 2600 3000 1200 82000

As ppm 0.46 5.6 0.10 0.10 1.30 2.2 0.14 4.5 10 1.038 0.55 1.8

B    ppm 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 10 31 5.0 10

Ba ppm 81 190.0 7.9 110 73 200 280.0 170.0 50 12 9.615 430

Be ppm 0.99 0.84 0.66 2.3 0.63 0.31 1.042 0.61 0.10 0.10 0.10 2.8

Ca ppm 6700 6200 31000 31000 17000 5600 5500 8400 210000 210000 230000 42000

Cd ppm 0.044 0.025 0.010 0.015 0.015 0.025 0.025 0.035 0.010 0.015 3.3 0.20

Ce ppm 32 48 6.3 250 50 20 66 40 2.1 15 4.8 60

Co ppm 30 37 8.3 27 19 12 43 26 2.3 15 18 25

Cr ppm 380 450 65 210 210 560 480 430 9.5 45 4.2 100

Cu ppm 130.0 200.0 1.5 19 13 5.0 2.0 130 26 84 62 55

Fe ppm 41000 51000 15000 37000 28000 28000 48000 39000 9600 19000 13000 56000

Hg ppm 0.022 0.020 0.016 0.019 0.018 0.016 0.023 0.016 0.014 0.018 0.019 0.080

K ppm 12000 25000 930 10000 9500 10000 33000 18000 2600 780 1300 21000

Mg ppm 35000 35000 19000 42000 23000 18000 40000 26000 130000 120000 120000 23000

Mn ppm 320 500 130 200 190 470 320 310 810 850 1300 950

Mo ppm 3.7 3.0 0.050 0.19 1.4 0.48 0.58 2.6 0.15 0.15 0.29 1.5

Na ppm 870 1500 3000 6600 2400 900 970 1900 270 140 100 24000

Nb ppm 1.6 1.3 0.40 0.76 1.5 1.4 0.82 1.2 0.48 0.30 0.16 20

Ni ppm 130 140 34 89 69 48 140 110 6.6 11 13 75

P ppm 660 630 160 530 700 440 640 630 400 350 170 1100

Pb ppm 17 2.7 0.91 0.94 3.4 3.3 0.20 5.9 2.2 2.5 170 13

S ppm 5600 7200 120 430 350 100 720 7600 1600 5400 5800 260

Sb ppm 0.050 0.32 0.050 0.050 0.15 0.22 0.41 0.081 0.050 0.050 0.050 0.20

Sc ppm 12 15 2.0 6.8 6.0 5.5 21 13 1.0 1.6 0.72 22

Se ppm 0.20 0.20 0.86 0.20 0.20 0.20 0.20 0.20 0.32 0.58 0.47 0.050

Si ppm 270000 270000 220000 200000 240000 320000 270000 280000 15000 32000 6300 280000

Sr ppm 7.5 27 14 23 14 14 15 21 36 89 52 380

Te ppm 0.042 0.062 0.020 0.020 0.022 0.020 0.029 0.069 0.020 0.035 0.029 -

Ti ppm 2800 2800 590 1800 2500 2500 2900 2500 140 160 53 5700

U ppm 3.2 2.9 0.10 0.54 2.3 0.97 1.6 2.8 3.1 2.1 0.44 2.7

V  ppm 110 120 47 89 65 85 140 110 4.6 6.0 2.4 140

W ppm 0.22 0.36 0.10 0.10 0.42 0.17 0.51 0.43 0.10 0.10 0.10 1.5

Y ppm 14 14 4.0 13 12 7.7 12 13 2.0 3.6 1.4 33

Zn ppm 23 42 2.7 6.6 9.7 25 18 35 1.7 8.1 1100 70
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3.3 Modeled leachate water 
Based on results from static (ABA, NAG) and kinetic (humidity cell test) geochemical test 

work together with total amount and composition of  the Tapuli waste rock and conditions on 
site, SRK (SRK 2012) has modeled the likely composition (post closure) of  the future leachate 
water quality. Results are found in table 6. 

 

Table 6   Results from modeling of  probable leach water composition post closure (SRK, 2012). 

 
 

  

Element Unit Prediction

pH 8.8

pe 6.6

Ca mg/l 11

Fe mg/l 0.00010

K mg/l 20

Mg mg/l 35

Na mg/l 17

Ag µg/l 35

Al µg/l 0.78

As µg/l 0.034

Cd µg/l 3.5

Co µg/l 8.1

Cr µg/l 0.14

Cu µg/l 2.2

Hg µg/l 1.2

Mn µg/l 55

Mo µg/l 56

Ni µg/l 35

Pb µg/l 1.2

Sb µg/l 18

Se µg/l 33

Sr µg/l 210

U µg/l 13

V µg/l 0.13

Zn µg/l 33

Cl mg/l 37

F mg/l 2.1

SO4 mg/l 95
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4 METHODS 
4.1 Peat sampling 

Sampling of  peat was carried out on the 20th of  December 2012 at Tapuli mine, Pajala, 
northern Sweden (figure 2) by Elsa Jonsson, Dmytro Siergieiev (LTU), Peter Nason (LTU) and 

Andreas Nyberg (Northland Resources AB). The weather was cloudy and the temperature 
varied throughout the day, at average -25°C. The sampling was carried out together with Ph. D. 

students from LTU as well as personnel from Northland Resources AB. The sampling location 
is shown in figure 2 and coding/coordinates are shown in table 7.  

The sampling area was covered with a 0.5-0.6m thick layer of  snow, underneath was a frozen 
layer of  pure ice with a thickness between 0.2 and 0.3m, and below that a thin layer of  frozen 
peat of  0-0.05m. These layers were penetrated by a common hand held ice drill. The sampling 

of  the peat was carried out by using a sampler consisting of  a plexiglas tube provided with a 
sharp metal ring at the front. The sampler penetrated the underlying peat with a hand held 

drilling motion. The top of  the sampler was sealed to allow vacuum in the sampler and avoid 
oxygen entrance. The sample of  peat was thereafter moved from sampler to column by gently 

pushing it to avoid compression. The column was quickly sealed to avoid exposure to air.  
Totally two peat samples were taken. The samples were stored cold and in darkness until the 
leaching experiment was set up.  

 

Figure 2  Location of  Tapuli mine in the north east corner of  Sweden. 
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Table 7   Coding/coordinates for sampling locations. 

 
 

4.2 Characterization of peat 
Von Post classification system was used to characterize the peat.  

The Swedish peat geologist Lennart von Post established a peat formula which contains the 
determination of  the: 

 

 Type of  peat (e.g. Sphagnum peat) 

 Degree of  humification (H1-H10) 

 Plant fibers (F0-F3) 

 Rootlets (R0-R3) 

 Residues (V0-V3) 

 Wetness (B1-B5) 
 

This information gives an overall and very useful description of  the peat appearance as well as 
its characteristic. The Von Post’s classification of  peat is attached in appendix 9.1, table 19 

(SGU).  
 
A sample was analyzed for its chemical composition at ALS Scandinavia in Luleå. The 

following elements were analyzed: Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, 
Na, Nb, Ni, P, Pb, S, Sc, Si, Sr, Ti, U, V, W, Y, Zn and Zr. Analyzes were performed with the 

EPA-methods (modified) 200.7 ICP-AES and 200.8 (ICP-SFMS). 

 

4.3 Characterization of waste rock 
4.3.1 Chemical composition 

The waste rock was crushed to a size of  85% <1mm by ALS minerals, Piteå. One sample was 
analyzed for its chemical composition at ALS Scandinavia in Luleå. The following elements 

were analyzed: Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Na, Nb, Ni, P, Pb, S, 
Sc, Si, Sr, Ti, U, V, W, Y, Zn and Zr. Analyzes were performed with the EPA-methods 

(modified) 200.7 ICP-AES and 200.8 (ICP-SFMS).  

 

4.3.1.1 Theoretical chemical composition 

A theoretical chemical composition of  the waste rock sample was calculated according to Eq. 

6. Using information from Table 4 and previous analysis performed by SRK regarding whole 
rock assay (SRK, 2010). 

 

Theoretical elemental concentration [mg kg−1] =
∑(𝐶𝑒 ∗ 𝑤𝑒)

∑ 𝑤𝑒
 

            (Eq. 6) 

Where  

Ce  is the elemental concentration of  a drill core 
We  is the weight of  a drill core 

2012 2009-1 2009-2 2009-4

Easting_RT90 1823021 1822112.93 1821836.35 1822109.63

Northing_RT90 7499495 7499980.99 7499901.02 7499643.93
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4.3.2 Neutralization potential 
Acid Base Accounting (ABA) is a static test that determines the acid generation potential of a 

rock. This is determined in three steps: determination of acid production (AP), determination 
of acid consumption (NP) and calculation of net acid production or consumption (NNP). The 

test was performed at Luleå University of Technology. 
 

The neutralizing potential was determined using the Standard prEN 15875 “Characterization of 

waste – Static test for determination of acid potential and neutralization potential of sulfidic waste”. 

1mol/L HCl acid was added to 2 grams of waste rock mixed with 90 ml of MilliQ water to test 
the ability to neutralize acid. Waste rock sieved down to <0.125mm was used. The mix was 
left on a magnetic stirrer for 24 hours and pH was measured after 22 hours. Samples that after 

22 hours had a pH<2 where discarded and more acid (<50% of VA) was added to samples with 
pH >2,5. Samples with a pH between 2 and 2.5 after 24 hours were titrated with 0.1mol/L 

NaOH to a pH of 8.3. 
 

The acid potential (AP) is the maximum potential acid generation from a sample assuming 

that all sulfur occurs as pyrite and that acidity will result from complete oxidation of the pyrite. 
This is expressed as carbonate Equivalents (CaCO3) in kg/t of solid and was calculated using 

the formula in Eq. 7.  
 

𝐴𝑃 = 31,25 ∗ 𝑊𝑠          (Eq. 7) 

 

Where  

Ws is the sulfur (total sulfur) content as mass fraction in percent 

 

𝑁𝑃 = 50 ∗
𝑐(𝐻𝐶𝑙) ∗  𝑉𝐴(𝐻𝐶𝑙) −  𝑐(𝑁𝑎𝑂𝐻) ∗ 𝑉𝐵(𝑁𝑎𝑂𝐻)

𝑀𝑑
 

(Eq. 8) 

Where  

c(HCl)  is the concentration of  the HCl [1mole/l] 

VA  is the volume added of  HCl [ml] 
c(NaOH) is the concentration of  the NaOH [0.1mole/l] 

VB  is the volume added of  NaOH [ml] 
Md  is the dry mass of  test portion [g] 

 
The resulting neutralization potential ratio (NPR) (potential for neutralization of acidic 
drainages) was assessed using the formula in Eq. 9. In theory, a NRP > 1 should be enough to 

avoid acid drainage, but the ratio of 3 is normally used as a safety margin. 
 

NPR = NP/AP          (Eq. 9) 
 

The net neutralization potential (NNP) was calculated from AP and NP using the formula in 
Eq. 7-8. 
 

NNP = NP-AP           (Eq. 10) 
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In theory, a rock with a negative NNP value has potential of acidification, meanwhile rocks 
with positive NNP does not have the potential. To be more certain a safety factor is applied.  

A negative NNP <-20 or <-30 kg CaCO3/t is considered to be potentially acid generating and 
a positive NNP >+20 or >+30 kg CaCO3 is not considered to be potentially acid generating.  

Rocks with NNP between -20 and +20 have an uncertain acid generating potential (Mitchell 
1999 and White et al. 1999). Mineralogical composition of the mine waste is of importance 

when interpreting NP values, because different minerals neutralize acid drainage at different 
rates and in different pH ranges. The test used does not distinguish between mineralogical 
differences and the NP is often overestimated (Lawrence and Scheske 1997). 

 

4.4 Leachate preparation 
The leachate was prepared using similar method as SRK consulting, the static Net Acid 

Generation (NAG) procedure using hydrogen peroxide, step 1-4 (Miller et al 1997), (Barnes et 
al, 2013). The leachate preparation was performed simultaneously in seven flasks, at two 

separate occasions. The leachate from the two separate occasions where prepared with 
different L/S ratios. Initial leachate was prepared according to the NAG procedure, L/S =100. 

The leachate prepared the second time was made with L/S=9. The flasks where left over night 
to enable sedimentation of  the remaining residues. The leachate was thereafter decanted 
through MilliQ water washed geotextile to minimize the amount of  particles. 

 

4.5 Experimental setup 
The column setup was according to figure 3, in a climate cabin at average temperature 40C. 

The feed solution was constantly stirred with an electrical stirrer. Outlet containers were 
prepared with hoses at the bottom front of  the container to enable easy access to sampling of  

the outlet water. 
 

4.6 Sampling of in- and outlet leachate from column 
The leachate water from the outlet container was sampled once a week. pH, electrical 
conductivity and oxygen content were measured prior to filtration. All handling of  outlet water 

was performed in a glove box filled with argon gas to avoid oxidation (figure 4). 
 

Figure 3  Experimental setup of  column. 
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Figure 4  DOC filtration in glove box. 

 

4.6.1 Sample preparation 
Following sampling and analysis was performed. The samples were sent to laboratory shortly 

after the sampling occasion. 
 
4.6.1.1 Metals 

Water samples were taken by using syringes and filter holders washed in 5% nitric acid 

(HNO3). The sample was filtered through 0.22μm nitrocellulose filters washed in 5% acetic 

acid into acid washed bottles provided by ALS Scandinavia in Luleå.  

 
4.6.1.2 Anions 

Unfiltered samples were sampled into bottles provided by ALS Scandinavia in Luleå, and 

delivered directly for analysis after sampling performance. The samples were analyzed at the 
accredited ALS Scandinavia in Luleå using CZ_SOP_D06_02_094 with IR detection (based on 

CSN EN 12260) for N-tot.  
 

CZ_SOP_D06_02_019   by discrete spectrophotometry (akuekem) (based on CSN ISO 11732, 
CSN ISO 13395) was used to determine NO3-N and NO2-N.  
 

CZ_SOP_D06_02_068 by liquid chromatography of  ions (based on CSN EN ISO 10304-1, 
CSN EN ISO 10304-2) was used to determine Cl- and SO4

2-. 

 
NH4-N was determined according to CSN ISO 11732, CSN ISO 13395. The samples were 

frozen and stored in freezer if  not directly sent for analysis. 
 
4.6.1.3 TOC 

Unfiltered samples were sampled in bottles provided by ALS Scandinavia in Luleå. The 
samples were analyzed at the accredited ALS Scandinavia in Luleå using 
CZ_SOP_D06_02_056 (based on CSN EN 1484) for TOC. The samples were frozen and 

stored in freezer if  not directly sent for analysis. 
 
4.6.1.4 DOC 

The samples were sampled into bottles provided by ALS Scandinavia in Luleå. The samples 
were analyzed at the accredited ALS Scandinavia in Luleå using CZ_SOP_D06_02_056 (based 

on CSN EN 1484) for TOC. The samples were filtered and frozen and stored in freezer if  not 
directly sent for analysis. Filters were prepared and filtration was conducted according to 

(Grace Analytical Lab) 
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5 RESULTS 
5.1 Characterization of peat 
The peat was slightly mouldered with plants clearly visible at the top and gradually more 
degraded towards depth. When pressed in hand, muddy water without peat matter diverged. 

The peat could be classified as H3 according to Von Post’s classification of  peat (appendix 9.1, 
table 19). The peat sample could be assumed to be slightly disturbed (Tornéus, 2004). 

The chemical composition of  the peat originating from the area of  Kaunisvaara, Sweden is 

shown in table 8. Concentrations of  elements in the peat were compared with analysis of  peat 
samples taken prior to the mining in 2009 by Pöyry (table 8). Despite the fact that samples 

were taken several years apart, the elemental analyzes were similar. 

Concentrations of  Si, Ti, Hg, Nb, Sc, Sr, U, V, W and Zr were not included in analyzes from 

2009 (Pöyry, 2009). 

Higher concentrations of  Fe, K, Mn, P, Pb and Zn and lower concentrations of  Ca and S were 
found in the more recently sampled peat than in the peat sampled in 2009. 

Concentrations of  Al, Mg, Na, Ba and Ni in the more recently sampled peat was found to be 
within the concentration interval of  the samples taken in 2009. 

As, Be, Cd, Co, Cr, Cu, Mo and Y could not to be determined to be neither higher nor lower 
due to measurement uncertainties of  older samples taken in 2009. 

Samples taken in 2009 and 2012 showed overall low metal concentrations in comparison to the 
Earth’s average crustal composition (Taylor, 1964). 
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Table 8 Comparison of  the chemical composition between peat sample taken in 2012 and Pöyry peat 

samples taken in 2009 (Pöyry, 2009). 

  

Element Unit
2012               

0-0.5 m

2009-01       

2-2.5 m

Si % 0.18

Al % 0.035 0.12 0.023 0.017 0.024 0.020

Ca % 0.47 0.68 0.68 0.88 0.84 0.94

Fe % 2.1 1.6 1.1 1.5 0.59 1.1

K % 0.028 0.0041 0.0017 0.0013 0.0011 <0,0010

Mg % 0.054 0.13 0.088 0.11 0.020 0.027

Mn % 0.0045 0.0019 0.0021 0.0033 0.0008 0.0017

Na % 0.028 0.025 0.028 0.022 0.019 0.017

P % 0.064 0.044 0.039 0.039 0.031 0.022

Ti % 0.0023

As ppm 1.3 <2.0 <2.0 <2.0 <2.0 <2.0

Ba ppm 42 78 47 44 9.0 21

Be ppm 0.030 <1.0 <1.0 <1.0 <1.0 <1.0

Cd ppm 0.11 <0,20 <0,20 <0,20 <0,20 <0,20

Co ppm 2.2 <0,30 <3.0 <3.0 <3.0 <3.0

Cr ppm 1.2 4.0 <1.0 <1.0 <1.0 <1.0

Cu ppm 0.71 5.3 <1.0 <1.0 <1.0 <1.0

Hg ppm 0.038

Mo ppm 0.25 <2.0 <2.0 <2.0 <2.0 <2.0

Nb ppm 0.30

Ni ppm 1.1 7.0 1.2 1.4 <1.0 1.7

Pb ppm 6.0 <4.0 <4.0 <4.0 <4.0 <4.0

S ppm 1200 1500 1400 1900 1600 1900

Sc ppm 0.088

Sr ppm 11

U ppm 0.023

V ppm 0.65

W ppm 0.024

Y ppm 0.18 <3.0 <3.0 <3.0 <3.0 <3.0

Zn ppm 14 <2.0 3.0 <2.0 <2.0 2.0

Zr ppm 1.2

2009-2                    

1-1.5 m    2-2.5 m

2009-04                  

1-1.5 m    2-2.5 m
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5.2 Characterization of waste rock 
The waste rock provided by SRK consisted of  subsamples of  drill cores. The theoretically 

calculated concentrations in the waste rock, compared to the analyzed sample, showed some 
significant similarities as well as some major differences. 
 

Concentrations of  Al, Ba, Ca, Fe, Mg, Mn, Sr, V and Zr were highly elevated compared to the 
estimated values. Concentrations of  Fe was high, 4.8 % in the analyzed sample, compared to 

estimation of  2.8%. Chromium was found in significantly lower concentration in the analyzed 
waste rock with 150ppm in comparison to 240ppm in the theoretically calculated waste rock. 

 
Elements such as As, Cu, K, P, Si amongst other were found to be relatively similar for the two 
samples. 

 
As seen in (table 9) the analyzed waste rock showed an overall low metal concentration with 

elevated concentrations of  Ca, Cr, Mg, Mn and S in comparison to the Earth’s average crustal 
composition (Taylor, 1964). 

 

Table 9  Comparison between analyzed, theoretically calculated elemental concentration as well 

as average abundance of  Earth’s crust (Taylor, 1964). 

  
 

  

Element Unit Waste rock
Theoretical 

waste rock

Mean Earth's crustal 

abundance

Si % 20 21 28

Al % 4,8 1,9 8,2

Ca % 7,7 4,7 4,2

Fe % 4,8 2,8 5,6

K % 1,3 1,0 2,1

Mg % 6,5 4,2 2,3

Mn % 0,51 0,034 0,10

Na % 1,9 0,22 2,4

P % 0,034 0,045 0,11

Ti % 0,26 0,16 0,57

As ppm 1,8 1,9 1,8

Ba ppm 230 100 425

Be ppm 1,9 0,78 2,8

Cd ppm 0,027 0,019 0,20

Co ppm 17 19 25

Cr ppm 150 240 100

Cu ppm 40 39 55

Hg ppm 0,040 0,017 0,080

Nb ppm 4,9 0,87 20

Ni ppm 70 67 75

Pb ppm 3,6 2,9 13

S ppm 1560 1860 260

Sc ppm 11 6,9 22

Sr ppm 81 23 375

U ppm 1,5 1,5 2,7

V ppm 120 70 135

W ppm 0,40 0,22 1,5

Y ppm 16 8,5 33

Zn ppm 18 13 70

Zr ppm 73 21 165
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5.3 Neutralization potential of waste rock 
The result from the ABA test performed on a waste rock sample from Tapuli is presented in 

table 10. The test was performed in triplicates. The waste rock showed to be non-acid forming 
with low sulphur content and a very high net neutralizing capacity (NNP>30) (Mitchell, 1999 
and White et al, 1999) similar to those from ABA testing of waste rock from actual production 

at Tapuli (Northland Resources 2013). 
 

Table 10  Result from ABA test of  waste rock sample. The total concentration of  sulfur is based on the 

result of  the chemical composition, presented in (table 9). 

 

 

5.4 Chemical composition of feed solutions 
The two feed solutions week 1 and 2 with L/S= 100 were from the same preparation occasion, 

but week 2 has been stirred for two weeks (table 11). Calcium together with Cu, Co, P and Zn 
are the elements that showed the largest concentration differences in the feed solution after two 

weeks. All other elements were either within each other’s standard deviation or could not be 
evaluated due to measurement uncertainties. 

 
Week 3 was the second feed solution prepared with an L/S=9. The objective was to increase 
the element concentration with lower L/S, which also was similar to the L/S ratio used by 

SRK (Barnes et al, 2013).  
 

Calcium, Ba, Mg and Mn showed lower concentrations at L/S=9 than for L/S=100. Barium is 
the element that showed the lowest concentration with 21.9ppm in the second batch compared 

to 46.9ppm in the first batch.   
 
Higher concentrations were observed for K, Na, Si, S, Al, Cd, Cr, Mo, Sr and V at lower L/S. 

Aluminum showed the highest difference between the two feed solutions.  
 

Iron, As, Cu and Hg among others did not show any significant difference or could not be 
evaluated due to measurement uncertainties. 

 

Total sulfur 

[%]

AP         

[kg/ton CaCO3]

NP         

[kg/ton CaCO3]
NPR

NNP         

[kg/ton CaCO3]

Waste rock:1 0.156 4.875 157 32 152

Waste rock:2 0.156 4.875 157 32 152

Waste rock:3 0.156 4.875 167 34 162
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Table 11  Elemental concentration in the feed solution. The inlet water week 1 and 2 are from 

similar feed solution L/S=100, while week 3 feed solution is based on an L/S=9. 

    

  

Element Unit Week 1 Week 2 Week 3

Ca mg/l 53 ± 6.3 40 ± 4.7 31 ± 3.6

Fe mg/l <0.020 0.0023 ± 0.00060 0.0016 ± 0.0010

K mg/l 22 ± 2.6 21 ± 2.5 40 ± 4.9

Mg mg/l 5.3 ± 0.65 5.3 ± 0.66 0.55 ± 0.069

Na mg/l 1.2 ± 0.24 1.2 ± 0.24 7.0 ± 0.95

Si mg/l 4.2 ± 0.61 4.2 ± 0.62 11 ± 1.6

S mg/l 10 ± 1.3 9.6 ± 1.2 37 ± 4.6

Al µg/l 5.2 ± 1.3 3.8 ± 0.84 67 ± 11

As µg/l 0.089 ± 0.060 <0.050 <0.090

Ba µg/l 47 ± 5.8 36 ± 5.9 22 ± 2.7

Cd µg/l <0.0020 0.0086 ± 0.0037 0.026 ± 0.0050

Co µg/l <0.0050 0.035 ± 0.015 <0.0050

Cr µg/l 4.4 ± 0.80 2.9 ± 0.52 41 ± 5.3

Cu µg/l 0.13 ± 0.032 1.7 ± 0.29 <0.10

Hg µg/l <0.0020 <0.0020 <0.0020

Mn µg/l <3.0 1.9 ± 0.34 0.053 ± 0.052

Mo µg/l 4.5 ± 0.80 3.7 ± 0.71 34 ± 6.2

Ni µg/l <0.050 0.13 ± 0.041 <0.050

P µg/l 2.0 ± 0.59 <1.0 2.7 ± 0.69

Pb µg/l <0.010 <0.010 <0.010

Sr µg/l 34 ± 4.2 31 ± 3.8 52 ± 6.5

U µg/l 0.018 ± 0.0034 0.014 ± 0.0030 0.11 ± 0.020

V µg/l 18 ± 2.7 18 ± 3.1 62 ± 7.9

Zn µg/l <0.20 0.51 ± 0.13 1.8 ± 0.35

pH 9.6 8.0 8.2

Feed solution
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5.5 Sampling of in- and outlet leachate from column 
5.5.1 Week 1 

Elemental analysis from the inlet and outlet waters from the first week can be found in table 
12. A comparison showed that the water coming out of  the column during the first week was 
more or less corresponding to the peat water measured in field. The column consisted of  37.2g 

peat and 1.7kg of  peat water at the beginning of  the experiment. 
 

Most of  the outlet water was considered to correspond to the peat water measured in field. 
Aluminum, Fe, P and Zn were the elements that showed a significant elevation in the outlet 

water compared to the peat water and feed solution mixture. The pH showed a slight decrease 
during the first week of  leaching. 
 

Table 12  Comparison of  the elemental concentration in the origin peat water present in the column from 

start, as well as the first feed solution and the first outlet leachate sampled after one week 

running. 

     

Element Unit
Peat water 

field

Feed solution 

week 1

Outlet water      

week 1

Ca mg/l 51 53 ± 6.3 57 ± 6.8

Fe mg/l 64 <0.020 110 ± 15

K mg/l 6.1 22 ± 2.6 7.5 ± 1.1

Mg mg/l 14 5.3 ± 0.65 21 ±2.6

Na mg/l 3.7 1.2 ± 0.24 3.8 ± 1.0

Si mg/l 14 4.2 ± 0.61 8.9 ± 1.3

Al µg/l 32 5.2 ± 1.3 630 ± 100

As µg/l 5.0 0.089 ± 0.060 <5.0

Ba µg/l 58 47 ± 5.8 88 ± 11

Cd µg/l 0.20 <0.0020 <0.20

Co µg/l 4.1 <0.0050 9.4 ± 2.0

Cr µg/l 1.7 4.4 ± 0.80 2.5 ± 1.7

Cu µg/l 7.0 0.13 ± 0.032 <10.0

Hg µg/l 0.0041 <0.0020 0.0026 ± 0.00070

Mn µg/l 1300 <3.0 1200 ± 150

Mo µg/l 5.0 4.5 ± 0.80 7.3 ± 4.3

Ni µg/l 5.0 <0.050 6.4 ± 3.7

P µg/l 100 2.0 ± 0.59 260 ± 66

Pb µg/l 10 <0.010 4.1 ± 1.0

Sr µg/l 95 34 ± 4.2 96 ± 12

U µg/l 0.050 0.018 ± 0.0034 <0.050

V µg/l 0.50 18 ± 2.7 6.0 ± 1.6

Zn µg/l 10 <0.20 130 ± 25

S mg/l 3.3 10 ± 1.3 7.6 ± 0.96

N-tot mg/l 1.1 18 ± 5.5

NH4-N mg/l 0.055 2.8 ± 0.57

NO2-N mg/l 0.0020 <0.0020

NO3-N mg/l 0.060 0.068

Cl mg/l 6.9 5.3 ± 1.1

SO4 mg/l 9.6 30 ± 4.4

DOC mg/l 290 ± 58

TOC mg/l 310 ± 62

pH 6.6 9.6 5.6
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5.5.2 Week 2 
Elemental analysis from the inlet and outlet waters from the second week can be found in table 

13. A comparison showed that the outlet water had elevated concentrations of  most elements 
compared to the feed solution.  

 
Lower concentrations in the outlet water than in the feed solution were found for Cr and Mo. 

All other elements were found in higher concentrations in the outlet water than in the feed 
solution. Especially high concentrations were found for Al, Fe, Mn, U, Zn and DOC. 
 

The pH of  the outlet water had during two weeks of  leaching decreased even more though the 
pH of  the inlet water was high. 

 

Table 13  Elemental concentration in the inlet and outlet leachate sampled after two weeks running. 

  

Element Unit
Feed solution 

week 2

Outlet water    

week 2

Ca mg/l 40 ± 4.7 110 ± 14

Fe mg/l 0.0023 ± 0.00060 420 ± 73

K mg/l 21 ± 2.5 28 ± 3.6

Mg mg/l 5.3 ± 0.66 31 ± 3.8

Na mg/l 1.2 ± 0.24 3.2 ± 1.9

Si mg/l 4.2 ± 0.62 7.1 ± 1.0

Al µg/l 3.8 ± 0.84 2300 ± 400

As µg/l <0.050 7.7 ± 3.2

Ba µg/l 36 ± 5.9 290 ± 47

Cd µg/l 0.0086 ± 0.0037 1.3 ± 0.7

Co µg/l 0.035 ± 0.015 29 ± 5.8

Cr µg/l 2.9 ± 0.52 <2.0

Cu µg/l 1.7 ± 0.29 5.8 ± 2.1

Hg µg/l <0.0020 0.0036 ± 0.00080

Mn µg/l 1.9 ± 0.34 2300 ± 390

Mo µg/l 3.7 ± 0.71 <3 .0

Ni µg/l 0.13 ± 0.041 10 ± 6.9

P µg/l <1.0 3700 ± 680

Pb µg/l <0.010 12 ± 2.6

Sr µg/l 31 ± 3.8 230 ± 28

U µg/l 0.014 ± 0.0030 0.44 ± 0.29

V µg/l 18 ± 3.1 37 ± 6.6

Zn µg/l 0.51 ± 0.13 300 ± 60

S mg/l 9.6 ± 1.2 19 ± 2.4

N-tot mg/l 58 ± 17

NH4-N mg/l 9.6 ± 1.9

NO2-N mg/l <0.0020

NO3-N mg/l <0.060

Cl mg/l 11 ± 2.1

SO4 mg/l 58 ± 8.7

DOC mg/l 1100 ± 220

TOC mg/l  1200 ± 240

pH 8.0 3.4
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5.5.3 Week 3 
Elemental analysis of  the inlet and outlet waters from the third week can be found in table 14. 

A comparison showed that the outlet water had elevated concentrations of  most elements 
compared to the feed solution. 

 
Lower concentrations in the outlet water than in the feed solution were found for Cr, K, Mo, 

Na, S, Si and V. All other elements were found in higher concentrations in the outlet water 
than in the feed solution. 
 

The pH of  the outlet water had during three weeks of  leaching decreased even more though 
the pH of  the inlet water was high. 

 

Table 14 Elemental concentration in the inlet and outlet leachate after three weeks running. 

  

Element Unit
Feed solution 

week 3

Outlet water      

week 3

Ca mg/l 31 ± 3.6 43 ± 5.1

Fe mg/l 0.0016 ± 0.0010 110 ± 15

K mg/l 40 ± 4.9 29 ± 3.5

Mg mg/l 0.55 ± 0.069 5.1 ± 0.63

Na mg/l 7.0 ± 0.95 4.6 ± 0.63

Si mg/l 11 ± 1.6 7.7 ± 1.1

Al µg/l 67 ± 11 660 ± 96

As µg/l <0.090 4.0 ± 1.5

Ba µg/l 22 ± 2.7 240 ± 29

Cd µg/l 0.026 ± 0.0050 1.0 ± 0.15

Co µg/l <0.0050 8.8 ± 1.6

Cr µg/l 41 ± 5.3 14 ± 2.4

Cu µg/l <0.10 7.0 ± 1.2

Hg µg/l <0.0020 0.025 ± 0.0026

Mn µg/l 0.053 ± 0.052 300 ± 36

Mo µg/l 34 ± 6.2 7.5 ± 1.7

Ni µg/l <0.050 5.3 ± 1.2

P µg/l 2.7 ± 0.69 4000 ± 480

Pb µg/l <0.010 14 ± 2.4

Sr µg/l 52 ± 6.5 78 ± 9.7

U µg/l 0.11 ± 0.020 0.17 ± 0.042

V µg/l 62 ± 7.9 40 ± 5.2

Zn µg/l 1.8 ± 0.35 120 ± 17

S mg/l 37 ± 4.6 28 ± 3.5

N-tot mg/l 53 ± 16

NH4-N mg/l 7.5 ± 1.5

NO2-N mg/l <0.0020

NO3-N mg/l <0.060

Cl mg/l 8.0 ± 1.6

SO4 mg/l 95 ± 14

DOC mg/l 1000 ± 210

TOC mg/l 1000 ± 210

pH 9.2 2.8
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6 DISCUSSION 
6.1 Peat sampling 
The peatland in the Kaunisvaara area varies in thickness as well as in water content. The area 
where the peat was sampled in 2012 was c. 3m deep and contained a large amount of  water 

(>90% in the upper 0.5m). Due to these conditions it was not possible to sample peat before 
the peatland had been partly frozen. To be able to take a peat sample, that is as undisturbed as 
possible, it is desirable to take it with a piston sampler or similar. For non-disturbed peat 

samples it is important that the layering sequence is intact and that the mechanical properties 
are not disrupted. The sample taken in 2012 could not be assumed to be fully undisturbed due 

to probable compression during transfer from sampler into column. 
 

The cold weather during the sampling occasions complicated the sampling procedure and thus 
only two samples were possible to take. The samples were taken at a depth of  0.5m. Both 
samples were leached, one of  them as a reference and not presented in this thesis. It would 

have been useful to have had an additional sample for sequential extraction analysis, which 

could have given information about the elemental phases. Similar extraction after the leaching 

might have made it possible to evaluate the leaching affect on the elements mobility and 
retardation.  The sample used as reference in this study was sampled prior to the actual day of  

the main sampling occasion and stored five months in coldness an in darkness before analysis. 
Even though all samples were taken from the same location in the peatland, the peat still 
showed distinct similarities. 

 

6.2 Characterization of peat 
Differences in elemental concentrations of  the peat between the sampling occasions in 2009 

and 2013 were expected due to that the sampling was in 2009 was done prior to the mining 
establishment. Samples taken in 2013 did as expected show some elevations in elemental 

concentration (Fe, K, Mn, P, Pb and Zn) in comparison to samples taken in 2009. In addition 
to time of  sampling irregularities depending on sampling location, sampling method as well as 

handling and storing were expected.  
 
When the mining operation started the area gradually started being chemically as well as 

mechanically disturbed (deposition of  waste rock and hauling roads) from leach water and in 
this case also the peat. This might have had an effect on the elemental transport in the area, but 

not likely since deposition of  waste rock had not started near the sampling location. The peat 
and its pore water had low metal concentrations. When comparing the peat with typical till 

from northern Sweden, it was obvious that neither the peat nor its pore water possess 
environmental problems in themselves (Öhlander et al, 1996). Sulphur did, however, show 
elevated concentrations when compared to the Earth’s average crustal composition (Taylor, 

1964). 
 

6.3 Neutralization potential of waste rock 
The NPR calculated from table 10 and NAGpH from figure 5 was plotted in a NPR-NAGpH 
diagram (figure 5) together with data from each separate drill core performed by SRK (SRK, 

2010). Cores in the upper right quadrant were samples that had a NPR>1 and a pH> 4,5. 
Those samples were to be considered as non-acid producing. Cores that had a pH>4,5 but 

NPR<1 have a NPR that was too low to be defined as non-acid producing and were thus 
uncertain as acid producing. Cores in the lower right quadrant were samples that had a 
NPR<1 and a pH<4,5. Those samples were to be considered as potentially acid forming. Cores 

that had a pH<4,5 but NPR>1 had NPR that is higher but the pH was still too low to be 
determined as non-acid producing (INAP 2012).  
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Only three of  the drill cores in the waste rock mixture showed the potential to produce acid. As 
seen in figure 5 these drill cores corresponded to 17 wt% of  the total waste rock mixture. The 

other drill cores were non-acid producing and generated a near neutral pH (6-8) when 
oxidized. The pH could be explained by the relatively high content of  carbonates in the waste 

rock mixture (table 5). The trend of  non-producing acid characteristics of  the drill cores 
corresponded to the analyzed sample. The overall conclusion is that Tapuli waste rock mixture is 

non-acid producing. Individual drill cores were shown to be potentially acid forming and a 
well-mixed waste rock mixture is therefore required. 

 
A decision by the European Commission regarding the European directive 2006/21/EC define 
waste that has a sulfur content<0,1 or <1,0% with the NPR ratio>3 (established with 

prEN15875) to be inert. This mean that the waste rock from Tapuli could be considered as 
inert and the low content of  metals indicate that the metal release will be low. 

  

 

Figure 5  The neutralization potential ratio (NPR) and NAGpH for drill cores (SRK) and drill core mixture 

from Tapuli.  

UNCERTAIN 

UNCERTAIN POTENTIALLY ACID 
FORMING 

NON-ACID 
FORMING 
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6.4 Leachate preparation 
The first batch of  feed solution was prepared according to Miller et al (1997) with L/S=100. It 

was an attempt to mimic the concentrations estimated by SRK (table 15). At the same time a 
test sample with L/S=9 was prepared to compare if  there were any noticeable differences in 
elemental concentration when the amount of  waste rock was increased. As seen in table 15 the 

increased amount of  waste rock did not automatically increase the elemental concentration in 
the feed solution. The second batch of  feed solution was prepared with the same L/S=9 as for 

the test sample. When comparing the two samples there were substantial differences although 
the same L/S was used. The reason to this might be a non-homogenous material or that the 

batches were produced at separate occasions with different boiling times. 
 
A correctly performed NAG test requires that all hydrogen peroxide (H2O2) reacts with the 

solid material used (in this case waste rock). Some materials do not have the capacity itself  to 
consume all the H2O2. It is therefore important to boil the sample at least two hour to ensure 

that there are no residues left in the sample. The NAG test is assumed to be finished by the end 
of  effervescence.  

 
The first batch as well as the test solution was boiled in water bath (80±50C) for eight hours 
and then left over night to cool. Oxygen measurement (O2) was not possible due to the value 

being too great to measure. This indicated that H2O2 remained in the feed solution although 
not likely due to the high pH of  the solution. The decomposition of  H2O2 increased at higher 

temperature and higher pH (Evonik Industries), the degradation products might have affected 
the solution. There is also a possibility that secondary precipitations could have affected the 

oxygen probe. When the samples were boiled a thin white film was observed within the walls 
of  the fume cupboard. This indicated the precipitation of  CaCO3 as well did the decreased 
concentration of  dissolved Ca in the feed solution during the second week. The dissolution of  

calcite and dolomite in the waste rock generated Ca and Mg ions which are related to “hard 
water” and are known to precipitate as calcium deposits amongst other. The feed solution 

during the first and second week was classified as medium hard water while as the feed 
solution during the third week was classified as soft water (Svenskt Vatten). 

 
The second batch was first boiled in water bath (80±50C) for eight hours and was thereafter 
boiled vigorously on a hotplate for two hours. Oxygen measurements for the second batch 

showed an oxygen concentration of  9.86mg/l. Boiling samples vigorously could degas 
dissolved CO2 thus forcing the carbonate system out of  equilibrium (Eq. 11).  

 

𝐶𝑂2 + 𝐻2𝑂⬄𝐻2𝐶𝑂3⬄𝐻+ + 𝐻𝐶𝑂3
−⬄2𝐻+ + 𝐶𝑂3

2−    (Eq. 11) 
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Table 15  Comparison between predicted waste rock drainage water and feed solutions week 1 (L/S=100) 

and week 3 (L/S=9). Week 1 test was made at the same occasion as week 1 but with L/S=9. 

 

 

In the NAG test, H2O2 is used to accelerate the oxidation of  sulfide (Lawrence et al. 1988) and 

thus estimate a materials ability to produce acid. As seen in (Table 9) the sulfur content was 

low (0.16%) which means that there was probably too low sulfide content in the waste rock for 
H2O2 to oxidize the material. The availability of  carbonates could affect the behavior.  

 
Since the NAG test procedure is a method to dissolved sulphide-rich material, it is not 
appropriate to dissolve carbonate-rich waste rock similar to the one used in this study’s leach 

water. 
 

In spite of  the negative outcome of  using the NAG test to dissolve the waste rock it could be 
concluded that the resulting drainage water had low metal and sulphate concentrations, 

especially when compared to the metal concentrations in the peat itself. The high pH and low 

metal concentration resulted in a relatively harmless leachate, not necessary to treat by 
retention in peat. Instead the high Ca2+ in the feed solution might exchange former retarded 

metals such as As, Cu, Cr, Mo, Se and V. This occurs during conditions with high pH (Siegel, 
2002 and Eby, 2004). However the potential initial release of  high concentrations of  metals due 

ion-exchange can be of  concern and should not be overlooked. Observations during initial 
mining at Tapuli (Northland 2012-2013) where water from pre-stripping and initial mining has 

been treated in a peatland showed an initial release of  metals, especially Fe but also e.g. Co. 
Similar results were observed in run-off  water from the tailings facility where tailings is 

Element Unit Prediction Week 1
Week 1       

Test
Week 3

pH 8.8 9.63 8.93 9.25

pe 6.6

Ca mg/l 11 53 ± 6.3 35 ± 4.2 31 ± 3.6

Fe mg/l 0.00010 <0.020 0.083 ± 0.012 0.0016 ± 0.0010

K mg/l 20 22 ± 2.6 52 ± 6.4 40 ± 4.9

Mg mg/l 35 5.3 ± 0.65 0.41 ± 0.050 0.55 ± 0.069

Na mg/l 17 1.2 ± 0.24 8.1 ± 1.1 7.0 ± 0.95

Ag µg/l 35 4.2 ± 0.61

Al µg/l 0.78 5.2 ± 1.3 150 ± 23 37 ± 4.6

As µg/l 0.034 0.089 ± 0.060 <0.080 67 ± 11

Cd µg/l 3.5 <0.0020 0.021 ± 0.0050 22 ± 2.7

Co µg/l 8.1 <0.0050 0.055 ± 0.016 0.026 ± 0.0050

Cr µg/l 0.14 4.4 ± 0.80 41 ± 4.9 <0.0050

Cu µg/l 2.2 0.13 ± 0.032 1.2 ± 0.21 41 ± 5.3

Hg µg/l 1.2 <0.0020 <0.0020 <0.10

Mn µg/l 55 <3.0 1.4 ± 0.28 <0.0020

Mo µg/l 56 4.5 ± 0.80 33 ± 5.7 0.053 ± 0.052

Ni µg/l 35 <0.050 0.21 ± 0.048 34 ± 6.2

Pb µg/l 1.2 0.088 ± 0.019 2.7 ± 0.69 2.7 ± 0.69

Sb µg/l 18

Se µg/l 33

Sr µg/l 210 34 ± 4.2 64 ± 7.9 <0.010

U µg/l 13 0.018 ± 0.0034 0.15 ± 0.028 52 ± 6.5

V µg/l 0.13 18 ± 2.7 73 ± 9.0 0.11 ± 0.020

Zn µg/l 33 <0.20 0.22 ± 0.10 62 ± 7.9

Cl mg/l 37

F mg/l 2.1

S (SO4) mg/l 32 10 ± 1.3 43 1.8 ± 0.35

pH 9.6 8.0 9.2
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deposited on peatland This might occur in condition with high pH (Siegel, 2002 and Eby, 
2004). 

 
The similarities between the predicted waste rock drainage modeled by SRK using the 

geochemical equilibrium code, PHREEQC (SRK, 2012) and the three feed solutions are few. 
The concentration of  most elements varied greatly between the three solutions and deviated 

from the predicted waste rock leachate. The reason for this could be explained by how the 
predicted waste rock leachate has been modeled. The model is based on that the Potentially 
Acid Forming (PAF) material within the waste rock dump will be blended with Non-Acid 

Forming (NAF) material and that the mixture is homogenous. The model also takes into 
account result of  prolonged humidity cell tests (simulating the natural long term weathering of  

the rock with slow oxidation of  sulphides and other minerals), precipitation, surface run-off, 
evapotranspiration and direct ablation into account. In this case a model is a tool by which it is 

possible to see an indication of  how a system may behave in the future. It is not to be 
completely trusted as a model is an abstract object, described by a set of  mathematical 
expressions (including data of  various kinds) thought to represent natural processes in a 

particular system. A model is however produced by a human that must choose what data to 
use, what computer program options that are appropriate and thereafter select which results 

that seem reasonable and reject those which do not (Zhu and Andersson, 2002). It is difficult to 
determine whether the model or the produced leachate is the most accurate. One thing that 

greatly speaks to the models advance is the fact that it regards greater amounts of  waste rock 
and it can therefore be considered as relevant to assume heterogeneity of  the material mixture. 
When performing the implementation of  various chemical leaching methods, such as NAG 

and ABA, the triplicates showed overall great variation regarding the results. This is an 
indication of  non-homogeneity and can be assumed to affect the results greatly.  

 
The NAG test performed on the waste rock did not generate a vigorous reaction as expected 

with sulfide-rich material. By grinding the waste rock into a smaller grain size it becomes more 
available to oxidation and this might generate a leachate more comparable to the modeled 
leachate. Another alternative to consider is dissolution by aqua regia. The alternative with 

grinding the waste rock before performing NAG test can be considered as a better solution but 
should be evaluated before dissolution with aqua regia. Aqua regia would dissolve the waste 

rock completely and through this generate a leachate with higher concentrations than the 
modeled leachate as well as higher concentrations than what would occur in a naturally 

produced leachate. The leachate performed through dissolution with aqua regia would also 
have to be pH adjusted and the added amount of  N and Cl as these do not vaporize as H2O2 
does. 
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6.5 Experimental setup 
The setup of  the columns was adjusted in order to promote easy and quick sampling, with the 

aim to avoid aeration of  the outlet samples. Throughout the leaching period there were 
problems with the column outlet. There were some leakages which may have affected the 
samples so that all water that passed through the column did not reach the outlet. This implies 

that the actual elemental concentrations in the outlet water could be either higher or lower than 
the results showed.  

 

6.6 Sampling of in- and outlet leachate from column 
Calculations for each week were made according to (Eq. 12). This was in order estimate the 
capacity of  the peat to attenuate metals. Note that the mass of  peat was decreasing throughout 

the leaching. 
 

Change of elemental mass [mg kg−1] =
𝐶𝑒 ∗ 𝑉𝑛

𝑚0 − (𝐶𝐷𝑂𝐶 ∗ 𝑉𝑛)−6
 

           (Eq. 12) 

Where  

Ce  is the elemental concentration [mg] 

CDOC  is the concentration of  dissolved organic matter [mg/l] 
Vn  is the volume of  leachate passing through column [l] 

M0  is the initial peat mass [kg] 
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6.6.1 Week 1 
The elemental concentrations in the in- and outlet waters was adjusted for the peat mass 

involved in the adsorption/desorption processes. A visual representation of  the element 
compositions (figure 6) showed that elements that rose above the normalized line were 

depleted and had been lost from the peat material while elements below the normalization line 
were enriched. The farther away an element was from the line the larger enrichment or 

depletion. 
Calculations according to Eq. 12 were for week 1 based on 37.2g peat and 2.1 l feed solution. 
 

As seen in table 12, most of  the outlet water originated from the original peat water present in 
the column at the beginning of  the leaching period. It was not possible to assume 

enrichment/depletion during the first week due to uncertainties regarding that there might still 
have been existing peat water in the column after one week of  leaching. This means that 

whatever enrichment/depletion shown during the first week must be compared to several 

following weeks to see a result trend. One week of  leaching is not sufficient to establish 

potential attenuation. 

 

Figure 6 Mass change of  elements in the peat during week one. Elements below the normalization line 

have been enriched in the peat, and above they were depleted from the original peat. 
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6.6.2 Week 2 
Calculations according to Eq. 12 for week 2 is based on the initial peat content as well as DOC 

concentrations from the outlet during the first week (Table 12). The water volume passing 
through the column during the second week was 2.1L. 

 
No major elements could be considered enriched in the peat during the second week (figure 7). 

 
When oxidized water with strongly basic pH > 8.5 is in contact with a reduced geochemical 
barrier, in this case peat, heavy metals such as Cu, Cr, Mo, Se, V and As might be 

immobilized, and of  these elements V, Mo and As  are likely to be adsorbed (Siegel, 2002). As 
seen in figure 7 only Cr and Mo showed signs of  enrichment during the second week. There 

were however no signs of  As, Cu and V enrichment. The decrease in pH during the second 
week together with the major increase of  released DOC in the outlet water (Table 13) indicated 

oxidation of  organic material. Another explanation to the lowering of  pH could be by 
oxidation of  Fe, and precipitation of  Fe-hydroxides, which is likely due to the high pH (>8) in 
the feed solutions. Iron showed a significant depletion in the peat which could confirm 

oxidation of  the peat as Fe often is bound to the negative surface of  a non-oxidized peat 
(Gupta et al. 2009). No conclusions could, however, be made based on the available data. 

Oxidation of  organic material might have affected the mobility of  elements, such as Fe as well 
as associated metals which showed signs of  depletion in the peat.  

Figure 7  Mass change of  elements in the peat during week two. Elements below the normalization line had 

been enriched in the peat, and above they were depleted from the original peat. 
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6.6.3 Week 3 
Calculations according to Eq. 12 for week 3 based on the initial peat content as well as DOC 

concentrations for the outlet during the first and second week is shown in Table 12, Table 13. 
The water volume passing through the column during the second week was 1.2 L. The change 

in volume compared to previous weeks was due to an accident regarding the flow. The whole 
volume during week 3 was passed through the column in only 18h (117ml/h). 

 
As seen in figure 8 there were similarities regarding the attenuation of  Cr and Mo during the 
second and third week. The attenuation of  V could be explained by the increased 

concentration in the feed solution (61.9µg/l vs 17.7µg/l) during the third week. Whether 
concentrations variations were due to the changed flow rate or the feed solution could not be 

determined. 
 

The pH decreased even more during the third week and the high DOC in the outlet water 
indicated oxidation of  organic material and/or Fe. 

  

Figure 8  Mass change of  major elements in the peat during week three. Elements below the normalization 
line have been enriched in the peat, and above they are depleted from the original peat. 
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6.6.4 Anions 
As seen in figure 9 all anions in the outlet water were rather stable during the three weeks of  

leaching. N-tot was higher than the total of  all N-compounds analyzed (table 12-14). The 
explanation can be that the peat during the three weeks of  leaching released a high amount of  

DOC and TOC. A major part of  N-tot might have been in the form of  particles. 
 

As seen in figure 9 most of  the N is reduced in the form of  NH4
+. This compared to figure 10 

that illustrates that all S is in the oxidized form as SO4
2-. Whether an element is oxidized or not 

depends on if  oxidizing bacteria and oxidizing agents are present. Different redox elements are 

also more or less inclined to be oxidized, depending on the availability of  oxygen. Nitrogen is 
more easily reduced than S. This means that S often is oxidized before N (Eby, 2002). This 

means that the feed solution inserted in the peat probably contained enough oxygen to oxidize 
S but not enough for N to be completely oxidized. Measurements of  redox were unfortunately 

not available to support this hypothesis. The feed solution did however contain a large amount 
of  dissolved oxygen (>29%). 

Figure 9  Anions and pH from outlet water during 3 weeks of  leaching plotted against time. 
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Figure 10 Concentrations of  S and SO4 (recalculated to S) in outlet water during 3 weeks of  leaching. 

 

6.6.5 Mass balance 
A mass balance was calculated according to Eq. 15 to estimate the amount of  metals that were 

enriched or depleted from the peat during the three weeks of  leaching. 
 

 𝑖𝑛𝑤𝑒𝑒𝑘 1−3 = 𝐶𝑒 ∗ 𝑉𝑛          (Eq. 13) 

 

𝑜𝑢𝑡𝑤𝑒𝑒𝑘 1−3 = 𝐶𝑒 ∗ 𝑉𝑛        (Eq. 14) 

 

𝑇𝑜𝑡𝑎𝑙 =  𝑖𝑛𝑤𝑒𝑒𝑘 1−3 − 𝑜𝑢𝑡𝑤𝑒𝑒𝑘 1−3        (Eq. 15) 

 

Where  

Ce  is the elemental concentration [mg] 

Vn  is the volume of  leachate passing through column [l] 
 
Elements that indicated attenuation were Cr, K, Mo, Na, S and V. All other elements were 

depleted from the peat. Some of  these elements can occur as oxyanions (primarily Cr, Mo and 
V) and this means that the adsorption was not only applied to cations. Iron was the major 

element that showed the strongest decrease in content.  
 

Minor elements such as Al, Ba, Fe, Mn, P and Zn showed the greatest decrease. Iron and are 
known as redox elements which means that they are affected by both the oxygen content in the 
peat. These elements were also affected by the pH changes. Phosphorous is a major component 

in organic material which means that it is released from due to degradation of  organic material 
(Eby, 2002). 
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When comparing table 16 with table 18 there were significant similarities regarding which 
elements that were enriched and depleted. Irregularities could be explained by the different 

samples used for analysis. Information displayed in table 16 was recalculated into mol  
(table 17) to give understanding about the amounts enriched and depleted. 

 

Table 16  Calculated mass balance regarding elemental content in feed solution (+) and outlet water (-). 

 

Element Unit
Week 1      

in

Week 1    

out

Week 2      

in

Week 2    

out

Week 3      

in

Week 3    

out
Total

Ca mg 100 120 97 240 37 51 -180

Fe mg 110 230 0.013 880 0.0019 140 -1300

K mg 16 16 44 58 48 34 0.7

Mg mg 26 45 11 64 0.66 6.1 -77

Na mg 6.5 7.8 2.6 6.7 8.4 5.5 -2.5

Si mg 25 19 8.9 15 13 9.2 4.6

Al µg 55 1300.0 9.5 4900 80 800 -6900

As µg 8.5 5.3 0.12 16 0.054 4.8 -17.6

Ba µg 110 190 87 600 26 290 -860

Cd µg 0.34 0.21 0.010 2.8 0.031 1.2 -3.9

Co µg 6.9 20 0.039 62 0.0060 11 -85

Cr µg 4.1 5.3 7.7 2.1 50 17 38

Cu µg 12 11 1.9 12 0.060 8.3 -17

Hg µg 0.0071 0.0055 0.0032 0.0076 0.0012 0.030 -0.032

Mn µg 2300 2600 3.5 4700 0.063 360 -5400

Mo µg 10 15 8.6 3.2 41 9.0 32

Ni µg 8 13 0.16 22 0.060 6.4 -33

P µg 170 550 2.6 7700 3.2 4800 -13000

Pb µg 1.7 8.6 0.011 26 0.0060 17 -50

Sr µg 170 200 68 480 63 94 -470

U µg 0.089 0.053 0.034 0.93 0.13 0.20 -0.93

V µg 5.7 12 37 79 74 48 -22

Zn µg 17 270 0.6384 630 2.2 140 -1000

S mg 5.6 16 21 40 45 33 -18
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Table 17 Calculated mass balance regarding elemental content in feed solution (+) and outlet water (-). 

(Nordling et al, 2006). 

 

Element Unit
Week 1      

in

Week 1    

out

Week 2      

in

Week 2    

out
Week 3      in

Week 3    

out
Total

Ca mmol 2.5 3.0 2.4 5.9 0.91 1.3 -4.4

Fe mmol 2.0 4.2 0.00023 16 0.000034 2.4 -20

K mmol 0.41 0.40 1.1 1.5 1.2 0.87 0.017

Mg mmol 1.1 1.8 0.46 2.6 0.027 0.25 -3.2

Na mmol 0.28 0.34 0.11 0.29 0.37 0.24 -0.11

Si mmol 0.90 0.66 0.32 0.53 0.47 0.33 0.16

Al µmol 2.1 49 0.35 180 3.0 30 -250

As µmol 0.11 0.070 0.0016 0.22 0.00072 0.064 -0.24

Ba µmol 0.81 1.3 0.63 4.4 0.19 2.1 -6.1

Cd µmol 0.0030 0.0019 0.000090 0.025 0.00028 0.011 -0.034

Co µmol 0.12 0.34 0.00067 1.0 0.00010 0.18 -1.4

Cr µmol 0.079 0.10 0.15 0.040 0.96 0.32 0.72

Cu µmol 0.19 0.17 0.030 0.19 0.00094 0.13 -0.27

Hg µmol 0.000035 0.000027 0.000016 0.000038 0.0000060 0.00015 -0.00016

Mn µmol 41 47 0.065 86 0.0012 6.6 -99

Mo µmol 0.10 0.16 0.089 0.033 0.43 0.094 0.33

Ni µmol 0.14 0.23 0.0028 0.37 0.0010 0.11 -0.56

P µmol 5.5 18 0.084 250 0.10 160 -420

Pb µmol 0.0082 0.042 0.000051 0.13 0.000029 0.083 -0.24

Sr µmol 1.9 2.3 0.77 5.5 0.71 1.1 -5.4

U µmol 0.00038 0.00022 0.00014 0.0039 0.00056 0.00086 -0.0039

V µmol 0.11 0.25 0.73 1.5 1.5 0.95 -0.44

Zn µmol 0.26 4.1 0.0098 9.7 0.034 2.1 -16

S mmol 0.18 0.50 0.65 1.2 1.4 1.0 -0.56
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Table 18  Comparison between the elemental concentrations in the peat prior to, and after leaching. Note 

that the peat originates from two separate samples. 

 

 

  

Element Unit
PEAT        

before leaching

PEAT           

after leaching
Total

Si mg 69 86 17

Al mg 13 12 -1.0

Ca mg 170 150 -20

Fe mg 800 140.00 -660

K mg 10 26 15

Mg mg 20 6.0 -14

Mn mg 1.7 0.26 -1.4

Na mg 10 7.4 -2.9

P mg 24 16 -7.8

Ti mg 0.87 0.73 -0.14

As mg 0.047 0.042 -0.0053

Ba mg 1.5 0.80 -0.75

Be mg 0.0011 0.00050 -0.00062

Cd mg 0.0041 0.0012 -0.0028

Co mg 0.080 0.017 -0.063

Cr mg 0.045 0.084 0.039

Cu mg 0.027 0.037 0.011

Hg mg 0.0014 0.0023 0.00094

Mo mg 0.0092 0.070 0.061

Nb mg 0.011 0.0061 -0.0051

Ni mg 0.042 0.024 -0.019

Pb mg 0.22 0.26 0.031

S mg 45 63 18

Sc mg 0.0033 0.0037 0.00038

Sr mg 0.40 0.21 -0.19

U mg 0.00085 0.0016 0.00075

V mg 0.024 0.053 0.028

W mg 0.00090 0.0025 0.0016

Y mg 0.0066 0.0062 -0.00040

Zn mg 0.52 0.21 -0.31

Zr mg 0.046 0.034 -0.012
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7 CONCLUSIONS 
 

- When sampling peat from a peatland that contains more than 90% water it is important 
to perform the sampling in as few steps as possible. The high water content along with 

the high porosity makes it, if  possible, beneficial to sample peat directly into the 
column. This reduces the risk of  sample disturbance when transferring the peat from 

sampler to column. As it was necessary that the peat was partially frozen at the time of  
sampling, it may have helped if  possibilities existed to, with the help of  appropriate 

machinery; remove a block of  peat from the site. The columns could then have been 
punched into the peat block and thereafter been cut out with appropriate tools. By using 
this method the sampler would not have to rely on the vacuum force when sampling. 

 
- The peat sample was, when compared to samples taken in 2009, considered as 

representative to the area. When compared with the Earth’s average elemental 
concentration in the crust an elevation of  S was found. The peat was not considered as 

an environmental problem in itself. 
 

- When determining the potential of  natural peat to attenuate metals, a better knowledge 

of  the actual peat, would have been preferable. This should have been performed prior 
to the experimental setup. More detailed information about the peat’s organic 

constituents as well as how existing metals in the peat were bound, if  the adsorptions 
sites were saturated from the beginning, would have been desirable. 

 
- The waste rock from Tapuli could be considered as non-acid producing, and the low 

content of  metals indicate that the metal release potentially will be low. 

 
- The waste rock contained low metal concentrations with elevated concentrations of  Ca, 

Cr, Mg, Mn and S in the waste rock mixture. Overall low sulfur concentration in the 
feed solution indicated low sulfide oxidation and thus no production of  acid rock 

drainage. The high marble content and thus enrichment of  calcite and dolomite 
promoted neutral rock drainage.  

 

- Due to the very low sulfur content as well as the high buffering capacity in the Tapuli 
waste rocks, the NAG test was not a suitable way to prepare a simulated leachate from 

waste rock. In this case it is suggested to try to grind the material to a much smaller 
grain size, this to make the waste rock more homogenous and make the minerals more 

available for oxidation.  
 

- A feed solution with a pH of  9.6 and organic material with pH of  6.6 changed the 

chemical conditions. The original peat was highly enriched in iron (20,000 mg kg-1) and 
the high pH increased the mobility of  Fe. Several elements associated with iron showed 

increased mobilization, in agreement with observations in field.  

 

 If  the waste rock mixture provided by SRK was representative, the waste rock leachate 
should not be an environmental problem in itself. Nor should it, in a long term 

perspective affect the peat to a greater extent than the release of  metals that were 
already found in the area.  
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Mouldering degree Mouldering 

H1

Not mouldered at all. When pressed in hand 

clear water diverges between the fingers. Plant 

species fully identifiable

H2
Nearly non-mouldered. Diverging water nearly 

clear slightly yellow. Plants nearly invariable

H3

Very slightly mouldered. Diverging water 

muddy but does not contain peat matter. 

Mouldered plants partly dark but still easily 

identifiable

H4

Slightly mouldered. Diverging water very 

muddy. Part of the mouldered plants are 

amorfic so pressed peat piece is slightly 

“porridge like”. The peat remains rebound back 

slightly

H5

A bit mouldered. Plant structures are mainly still 

identifiable. When pressed the peat breaks down 

partly porridge like matter. Diverging water is 

very muddy and contains clearly amorfic 

matter. The peat remains do not bounce back 

after opening fist

H6

Mouldering degree medium. Plant structure 

unclear. When pressed ca. 1/3 of peat goes 

through fingers. Remaining peat strongly 

“porridge like”. Pressed peat plant remains 

easier to recognize than non-pressed peat

H7

Quite strongly mouldered. Plant remains can 

still be partly identified. When pressed ca. ½ of 

peat goes through fingers. If water diverges it is 

“porridge like” and very dark

H8

Strongly mouldered. Plant structure very 

unclear, mainly amorfic matter. When pressed 

ca. 2/3 of the peat goes through fingers. 

“porridge like” water may diverge. Remaining 

matter is roots and similar well preserving plant 

parts

H9

Nearly fully mouldered. Hardly any plants 

species can be identified. When pressed nearly 

all peat flows through fingers

H10

Fully mouldered. Plants cannot be identified 

from the matter. When pressed all peat flows 

through fingers and no free water diverges.

9 APPENDIX 
9.1 Von Post's classification of peat

Table 19  Description of  Von Post's classification of  peat (SGU). 
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9.2 Chemical composition of waste rock 

Table 20  Chemical composition of  waste rock in WRA analysis. 

 
 

Table 21  Theoretical elemental content in each drill core sample. 

 
 

Table 22  Theoretical chemical composition of  waste rock sample. 

 
 

 

  

Hole ID
Depth 

from [m]
Depth to [m]

Al 

[mg/kg]

As 

[mg/kg]

B    

[mg/kg]

Ba 

[mg/kg]

Be 

[mg/kg]

Ca 

[mg/kg]

Cd 

[mg/kg]

Ce 

[mg/kg]

Co 

[mg/kg]

Cr 

[mg/kg]

Cu 

[mg/kg]

Fe 

[mg/kg]

Hg 

[mg/kg]

K    

[mg/kg]

Mg 

[mg/kg]

Mn 

[mg/kg]

Mo 

[mg/kg]

Na 

[mg/kg]

Nb 

[mg/kg]

Ni 

[mg/kg]

P    

[mg/kg]

Pb 

[mg/kg]

S    

[mg/kg]

Sb 

[mg/kg]

Sc 

[mg/kg]

Se 

[mg/kg]

Si 

[mg/kg]

Sr 

[mg/kg]

Te 

[mg/kg]

Ti 

[mg/kg]

U    

[mg/kg]

V    

[mg/kg] 

W 

[mg/kg]

Y   

[mg/kg]

Zn 

[mg/kg]

Zr 

[mg/kg]

TPL07032 50,00 60,00 25395,79 0,46 5,00 80,67 0,99 6657,40 0,04 31,85 29,92 378,84 126,53 41248,02 0,02 11914,35 35287,46 323,63 3,74 865,69 1,64 132,04 660,20 16,59 5586,60 0,05 11,65 0,20 267139,06 7,48 0,04 2752,10 3,24 110,33 0,22 13,91 22,88 47,88

TPL07036 100,00 110,00 35436,94 5,56 5,00 186,49 0,84 6228,81 0,03 47,93 36,56 447,65 200,50 50965,67 0,02 25276,32 34726,83 500,59 3,04 1498,05 1,34 139,54 633,26 2,70 7207,70 0,32 14,59 0,20 270738,31 26,52 0,06 2792,10 2,86 120,38 0,36 14,50 42,48 33,54

TPL08MET24 101,70 111,70 10375,10 0,10 5,00 7,86 0,66 30774,36 0,01 6,32 8,31 65,16 1,50 15396,93 0,02 929,15 19293,41 126,39 0,05 2990,86 0,40 33,85 157,66 0,91 124,09 0,05 2,03 0,86 219133,49 14,45 0,02 589,87 0,10 47,20 0,10 3,99 2,70 8,41

TPL09009 200,00 210,00 30570,05 0,10 5,00 107,11 2,33 31012,07 0,02 250,91 26,85 206,92 19,18 37426,34 0,02 10302,19 41922,46 197,99 0,19 6606,60 0,76 89,37 532,20 0,94 432,55 0,05 6,79 0,20 202913,50 23,24 0,02 1786,30 0,54 88,88 0,10 12,78 6,64 25,16

TPL09010 70,00 80,00 20857,71 1,30 5,00 73,36 0,63 17440,87 0,02 50,17 18,52 209,88 12,65 27807,22 0,02 9544,30 23212,69 190,69 1,43 2386,15 1,50 69,22 703,88 3,37 349,40 0,15 5,96 0,20 242411,75 13,96 0,02 2450,90 2,30 64,70 0,42 11,93 9,66 30,96

TPL09007 35,00 45,00 14504,61 2,17 5,00 204,85 0,31 5634,42 0,03 19,85 12,48 563,02 5,05 27956,54 0,02 10435,25 18004,37 468,47 0,48 894,03 1,40 48,31 434,83 3,29 100,00 0,22 5,53 0,20 320426,64 14,21 0,02 2518,10 0,97 85,41 0,17 7,74 25,10 15,36

PAL08001 40,00 50,00 40300,67 0,14 5,00 283,85 1,04 5473,47 0,03 65,95 42,91 478,62 1,99 48292,86 0,02 32556,08 40188,09 316,10 0,58 967,38 0,82 140,30 640,76 0,20 715,92 0,41 20,92 0,20 271860,15 14,76 0,03 2947,20 1,63 135,35 0,51 12,40 17,59 37,39

SAH Low S

TPL07030 20,00 30,00 28494,24 4,46 5,00 173,13 0,61 8422,86 0,03 39,81 25,84 429,61 133,41 39359,66 0,02 18484,82 25850,69 313,76 2,58 1849,66 1,20 105,66 627,03 5,92 7639,70 0,08 12,53 0,20 278030,29 20,97 0,07 2519,40 2,78 107,74 0,43 12,83 34,92 30,16

TPL08016 50,00 60,00 2576,37 10,30 10,14 50,43 0,10 207050,33 0,01 2,09 2,33 9,47 25,84 9566,34 0,01 2614,10 127899,84 808,32 0,15 268,06 0,48 6,65 395,82 2,17 1589,90 0,05 1,02 0,32 14911,17 36,38 0,02 140,18 3,10 4,56 0,10 1,98 1,69 1,71

TPL08028 50,00 60,00 3011,80 1,04 31,27 11,96 0,10 212375,82 0,02 15,37 14,69 44,79 84,12 19120,47 0,02 780,99 121262,66 845,88 0,15 141,99 0,30 10,91 348,65 2,53 5373,00 0,05 1,60 0,58 32439,98 89,49 0,04 164,29 2,14 6,00 0,10 3,63 8,14 7,61

TPL09019 110,00 120,00 1232,49 0,55 5,00 9,62 0,10 234365,25 3,32 4,77 18,06 4,22 62,07 12621,93 0,02 1259,93 117102,46 1295,60 0,29 100,00 0,16 12,61 172,66 170,02 5816,60 0,05 0,72 0,47 6310,37 51,57 0,03 53,33 0,44 2,39 0,10 1,37 1149,30 0,85

Theoretical 

weight     

[kg]

Hole ID
Depth 

from [m]
Depth to [m] Al [mg] As [mg] B [mg] Ba [mg] Be [mg] Ca [mg] Cd [mg] Ce [mg] Co [mg] Cr [mg] Cu [mg] Fe [mg] Hg [mg] K [mg] Mg [mg] Mn [mg] Mo [mg] Na [mg] Nb [mg] Ni [mg] P [mg] Pb [mg] S [mg] Sb [mg] Sc [mg] Se [mg] Si [mg] Sr [mg] Te [mg] Ti [mg] U [mg] V [mg] W [mg] Y [mg] Zn [mg] Zr [mg]

0,68 TPL07032 50,00 60,00 17332,22 0,32 3,41 55,05 0,67 4543,57 0,03 21,74 20,42 258,55 86,35 28151,11 0,01 8131,36 24083,13 220,87 2,55 590,82 1,12 90,12 450,58 11,32 3812,76 0,03 7,95 0,14 182318,12 5,11 0,03 1878,26 2,21 75,30 0,15 9,49 15,61 32,68

0,60 TPL07036 100,00 110,00 21174,14 3,32 2,99 111,43 0,50 3721,81 0,01 28,64 21,84 267,48 119,80 30452,81 0,01 15103,01 20749,84 299,11 1,82 895,11 0,80 83,38 378,39 1,61 4306,72 0,19 8,72 0,12 161770,49 15,85 0,04 1668,32 1,71 71,93 0,22 8,66 25,38 20,04

2,27 TPL08MET24 101,70 111,70 23511,01 0,23 11,33 17,82 1,49 69737,78 0,02 14,31 18,84 147,65 3,39 34890,97 0,04 2105,56 43720,79 286,41 0,11 6777,59 0,90 76,70 357,28 2,07 281,20 0,11 4,61 1,94 496578,34 32,75 0,05 1336,70 0,23 106,97 0,23 9,05 6,11 19,05

1,31 TPL09009 200,00 210,00 39911,40 0,13 6,53 139,84 3,05 40488,48 0,02 327,58 35,06 270,15 25,04 48862,77 0,02 13450,25 54732,79 258,49 0,25 8625,39 0,99 116,68 694,83 1,23 564,73 0,07 8,87 0,26 264918,15 30,35 0,03 2332,14 0,70 116,03 0,13 16,69 8,67 32,85

1,20 TPL09010 70,00 80,00 24994,39 1,56 5,99 87,91 0,76 20899,89 0,02 60,11 22,20 251,51 15,16 33322,18 0,02 11437,20 27816,42 228,51 1,72 2859,39 1,79 82,94 843,47 4,03 418,70 0,18 7,15 0,24 290488,90 16,73 0,03 2936,98 2,75 77,53 0,50 14,30 11,58 37,11

1,16 TPL09007 35,00 45,00 16752,83 2,51 5,78 236,60 0,35 6507,76 0,03 22,93 14,41 650,29 5,83 32289,81 0,02 12052,71 20795,04 541,08 0,56 1032,60 1,61 55,80 502,23 3,80 115,50 0,26 6,39 0,23 370092,77 16,42 0,02 2908,41 1,12 98,65 0,20 8,94 28,99 17,74

1,00 PAL08001 40,00 50,00 40300,67 0,14 5,00 283,85 1,04 5473,47 0,03 65,95 42,91 478,62 1,99 48292,86 0,02 32556,08 40188,09 316,10 0,58 967,38 0,82 140,30 640,76 0,20 715,92 0,41 20,92 0,20 271860,15 14,76 0,03 2947,20 1,63 135,35 0,51 12,40 17,59 37,39

0,30 SAH Low S

0,52 TPL07030 20,00 30,00 14674,53 2,30 2,58 89,16 0,31 4337,77 0,02 20,50 13,31 221,25 68,71 20270,22 0,01 9519,68 13313,11 161,59 1,33 952,57 0,62 54,41 322,92 3,05 3934,45 0,04 6,45 0,10 143185,60 10,80 0,04 1297,49 1,43 55,49 0,22 6,61 17,99 15,53

0,84 TPL08016 50,00 60,00 2170,50 8,68 8,54 42,49 0,08 174432,81 0,01 1,76 1,96 7,98 21,77 8059,31 0,01 2202,29 107751,23 680,98 0,12 225,83 0,40 5,60 333,46 1,83 1339,44 0,04 0,86 0,27 12562,15 30,65 0,02 118,10 2,62 3,84 0,08 1,67 1,42 1,44

0,80 TPL08028 50,00 60,00 2402,01 0,83 24,94 9,54 0,08 169376,99 0,01 12,26 11,71 35,72 67,09 15249,23 0,01 622,87 96711,12 674,62 0,12 113,24 0,24 8,70 278,06 2,02 4285,15 0,04 1,28 0,46 25872,00 71,37 0,03 131,03 1,70 4,78 0,08 2,90 6,49 6,07

0,00 TPL09019 110,00 120,00
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Zn 
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Zr 

[mg/kg]

19064,14 1,88 7,23 100,72 0,78 46859,32 0,02 54,01 19,01 242,89 38,94 28127,70 0,02 10054,50 42200,90 344,07 0,86 2161,34 0,87 67,04 450,47 2,92 1855,02 0,13 6,87 0,37 208222,01 22,96 0,03 1646,78 1,51 69,97 0,22 8,51 13,12 20,63
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9.3 Map over peat depth within the Tapuli area 
 

Figure 11  Variations in peat depth within the Tapuli area. 


