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Some background information

• Titania AS
• exploits world’s largest ilmenite ore
• 7% of global production of ilmenite (FeTiO3) 
• 3 million tons of tailings/year
• 2% sulfide minerals

• 800 tons Ni   

• 400 tons Cu

• 160 tons Co

• remnants of production chemicals

Element Concentration
(µg g-1 d.w.)

Nickel 270

Copper 140

Cobolt 55

Chromium 49

Zinc 15

Lead <0.20

Cadmium <0.05

Mercury 0.013



Tailings are crushed rock – why bother?

• Benthic habitats are strongly affected by hypersedimentation of any material

• Mine tailings disposed of in sea deposits are allochtonous materials

• May differ from autochtonous materials with regard to:

• Particle size (often very small)

• Particle shape (freshly grinded, sharp edges, needles)

• Organic, degradable material

• Reactive minerals, e.g. sulphides

• Remnant chemicals added in flotation and flocculation processes

• These are some of the issues addressed in NYKOS WP4: “Effects of mine tailings and 

associated chemicals on marine, benthic ecosystems”. WP4 Task 6: “Sulphide tailings”
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Mines and STDs in Norway 
(Ramirez-Lodra et al., 2015)

Titania land deposit for 
mine tailings, SW Norway
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STDs and land 
deposition
since 1960
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1984 - 94
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Sampling and measurements
Field survey 17.-19.11.2015: 

• Grab sampling for macrofauna

• Collection of boxcores

Box-core subsampling and measurements:

• metal analyses in sediments and pore water

• uptake of metals on DGT-probes

• sediment to water fluxes of trace metals                                             

(& O2 and nutrient species)

• microelectrode profiles of O2 and pH

Tromsø, 27.11.2018Morten Schaanning



Seabed
visual appearance JF28
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MacrofaunaJF28

JF29/3

JF7

JF1/37

DD24/9

REF27

DD5

DD26

REF30/55

DD2/19

REF11

JF15 • 5 stations, 20 grab samples
• Sifted on 1 mm sieve
• ISO 16665:2014

Tromsø, 27.11.2018Morten Schaanning

A
b

u
n

d
an

ce
N

o
. S

p
ec

ie
s 

   
   

  H
’  

   
   

   
   

 N
Q

I1

 1 

<63µm

Cu

Fe
Ni

Water

Depth
Mn

Pb

TOC

Cd

Zn

Co

pH

19

55
9

3

55

19

37

9

3



Potential for bioturbation in 
Dyngadjupet by «the conveyor
belt deposit-feeder Heteromastus 
filiformis»
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Bacground-EQS

MAC-EQS
MAC-EQS

Cu and Ni in sediment and pore water
EQS-values from, Guideline M608, 2016, Norwegian Environment Agency
Harmonized with EU-legislation

Risk of «acute toxic effects from short term exposure» in 
STD sediments in Jøssingfjorden and Dyngadjupet



Dyngadjupet
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Metal cycling in sediment surface layer
Stable species

Mn(IV), Co(III), Cu(II), Ni(II)

Stable species
Mn(II), Co(II), Cu(II), Ni(II)

Sedimentation

Sulfide tailings

Bioturbation

Ni-Cu-Co-sulfide oxidation

Mn(IV)oxide →Mn(II)
reduction & dissolution

Mn(II) → Mn(IV)oxide

Co(II) → Co(III)oxide

Co(III)oxide→Co(II) 



Fluxes from 
sediment to 
water

Flux of nickel from sea
deposits corresponded to 
5.2% of leakage from land 
deposit

Leaching from 
land deposit = 
7 500 g Ni day-1

1.37 km2

1.06 km2

0.61 km2

g day-1
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Mobilization of metals from sea deposit
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Discharge

Sedimentation

Bioturbation

Loss

During deposition After deposition

Burial

Tailings unstable
Minutes-days

Tailings unstable
Weeks-months

Water column

Sediment surface

Deep sediment (below
bioturbation depth)

Tailings unstable
Years-decades

Tailings stable 
102-10ny

Me2+Me2+

No tailings

Tailings stable 
102-10ny
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Summary of conclusions
Metals
• 20 years after last deposition, concentration of tailings-associated metals are

decreasing at the sediment surface
• slow recovery in Dyngsdjupet due to bioturbation and low sedimentation rates
• significant ongoing discharge from mining activity to Jøssingfjorden 
• DGT-profile maxima revealed mobilization of Ni, Cu and Co near the sediment surface
• no upwards transport of dissolved metals from deep deposit layers
• Cu and Ni exceed MAC-EQS in sediment and pore water implies risk of acute toxic

effects

Fauna
• all stations classified as «good» or «very good»
• Cu, fine fractions and depth identified as significant environmental variables 

explaining the seawards improvement of the macrofauna community


