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BC terminology
Carbonaceous geosorbents

Black carbon

Residues of incomplete 
combustion

Kerogens
Type I-III

(By-)products of industrial 
fuel production

Cenospheres
Coke
Lampblack

Geogenic origin

Diagenesis & 
catagenesis

Soots
Carbon Nanotubes

Atmospheric 
recondensates

1 μm

Chars
Charcoal

Residuals

10 μm

Activated Carbon

10 μm

Graphite

10 μm

Coals
Peat
Brown coal
Bituminous coal
Anthracite

10 μm

Pictures from Jonker & Koelmans 2002
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Slightly charred 
biomass Char Charcoal Soot

Carbon nanotubes

BC continuum and available methods of 
quantification

Physico-chemical properties

Particle size mm mm - um nm

Formation T low high

Formation phase Solid residual-phase Gas-phase condensate

Plant residues abundant present few none

O to C-; H to C-ratio high low

Initial reservoir soils soils and atmosphere

Nomenclature

Black carbon

Soot

adapted from Elmquist et al., 2006; Masiello, 2004

Method range

Optical

Wet-chemical oxidation

Chemo-thermal oxidation (CTO-375)
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Different method measure different 
BC (the BC-ring trial)
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Wood char: positive control 2

Hammes et al. 2007

Hexane soot
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Hexane soot: positive control 1

Bituminous coal
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Bituminous coal: negative control Marine Sediment
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Marine sediment: real sample
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Global annual BC production

BC-type Amount 
[Tg/y]

Source Reference

Biomass 
[%]

Fossil fuel 
[%]

Total BC 50 - 200 80 - Kuhlbusch 1998
Total BC 50 – 270 Forbes et al. 2006

Aerosol BC 11 - 15 33 - 45 55 - 67 Kuhlbusch 1998

Aerosol BC 8 60 40 Bond et al. 2004
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Global distribution of BC

Kuhlbusch 1998

>80%

<20%
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BC in Swiss lake sediment

y = 4.3686x + 0.1434
R2 = 0.4763

p<0.001
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35 Swiss lakes
y = -0.0007x + 2.5652
R2 = 0.1477, p<0.05
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Sobek et al. in prep
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BC/TOC ratios in sediments and soils

Cornelissen et al. 2005
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BC: „the reverse of its dark side“…

Traditional organic matter partition (OMP) model 
overestimates dissolved concentrations
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Traditional organic matter partition 
(OMP) model for organic pollutants
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bKaK owoc +⋅= loglog
Kd :   solid-water partition coefficient [Lwater /kgsolid ]
foc :   fraction of organic carbon [goc /gtotal solid ]
Koc :  organic carbon normalized partition coefficient [Lwater /kgoc ]
Kow : octanol-water partition coefficient [Lwater /Loctanol ]

Means et al. 1980
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WATER

Visualization of OMP model

OM

ORGANISMSMICROBES

absorption

Modified after Cornelissen et al. 2005
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Frequent (field) observations in 
conflict with OMP model

Sorption competition between different solutes and non-linear
sorption isotherms (Pignatello & Xing 1996)
Multiphasic desorption kinetics (Cornelissen et al. 1997)
Variable bioto-to-sediment accumulation factors (BSAFs) 
(Moermond et al. 2005)
Limited bioremediation potential (Alexander 2000)
Elevated affinities to solid organic matter (Gustafsson & 
Gschwend 1998; Bucheli & Gustafsson 2001)
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Underestimation of field observed 
Koc ́ s based on OMP model

PAHs
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References in Gustafsson & Gschwend 1998
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Underestimation of field observed 
Koc ́ s based on OMP model

PCBs
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Factors of Overestimated Dissolved 
Exposures (FOE)
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References in Gustafsson & Gschwend 1998
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Factors of overestimated dissolved 
exposures (FOE)

Organochlorines

1 10 100 1000

(planar) CBs (4)

(planar) CB (1)

non-planar DDT/DDD (3)

planar DDE/DDMU (3)

non-planar PCBs (2)

planar PCBs (2)

non-planar PCBs (1)

planar PCBs (1)

FOE

Bucheli & Gustafsson 2001

References:
1) Jonker & Smedes 1998
2) Butcher et al. 1998
3) Santschi & Gustafsson 2000
4) Ten Hulscher et al. 1997

planar compounds
non-planar compounds
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Reasons for divergence of observed 
Koc ́ s with OMP model

Mainly derived from laboratory sorption experiments
Insufficient equilibration time
Elevated solute concentrations
OMP model simply too simple
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BC: „the reverse of its dark side“…

Enhanced, BC inclusive, dual mode distribution 
model
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WATER

OM

ORGANISMSMICROBES

absorption

WATER

Amorphous 
OM

BC

ORGANISMSMICROBES

Visualization of the enhanced, BC inclusive, 
dual mode distribution model

(Relatively) 
weak 

absorption

Strong 
adsorption

Modified after Cornelissen et al. 2005
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1−⋅⋅+ n
wbcbc cKf

Enhanced, BC inclusive, dual mode 
distribution model

• Kd : solid-water partition coefficient [Lwater /kgsolid ]
• foc : fraction of organic carbon [goc /gtotal solid ]
• Koc : organic carbon normalized partition coefficient [Lwater /kgoc ]

ococ
water

solid
d Kf

c
cK ⋅==

• fbc : fraction of soot carbon [gsoot carbon /gtotal solid ]
• Kbc : black carbon normalized distribution coefficient [Lwater /kgsc ]
• n: Freundlich exponent

Accardi-Dey & Gschwend 2002
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Kbc of organic pollutants: BC as a 
super-sorbent
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BC determines the distribution of 
organic pollutants

Soot [% of TOC]
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Koelmans et al. 2006
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BC: „the reverse of its dark side“…

Consequences for risk assessment
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Improved predictability of solid-water 
distribution coefficient Kd (PAHs)

foc = 0.03 +/- 0.02
log Koc = 4.8 (Karickhoff 1981) 

fbc = 0.0022 +/- 0.0010
log Kbc = 7.0 (Bucheli & Gustafsson 2000) 

Humber estuary,
water column (Zhou et al. 1999)

R2 = 0.19, p = 0.00075 

R2 = 0.32, p = 0.0000068 

Bucheli & Gustafsson 2001
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Improved predictability of solid-water 
distribution coefficient Kd (PCDD/Fs)

Armitage et al. 2008

Kd predicted focKoc
Kd predicted focKoc + fbcKbc
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Enhanced, BC inclusive, dual mode 
distribution model: kinetic aspects

WATER
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BSAFrapid  
biodegradation

slow  
biodegradation

rapid 
desorption

slow 
desorption

Amorphous 
OM

Modified after Cornelissen et al. 2005
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Reduced fast desorbing fractions in 
the presence of BC

Chai et al. 2007

+ BC
+ BC
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Black carbon reduces biota to sediment 
accumulation factors (BSAF)

Sundelin et al. 2004

Monoporeia affinis

65 d exposition of Monoporeia affinis to sediments from six 
stations with varying BC content in and around Stockholm

BS
AF
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Improved predictability of tissue 
concentrations (PAHs)

conc predicted
focKoc + fbcKbc

Vinturella et al. 2004

conc predicted
focKoc

Nereis virens
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BC: „the reverse of its dark side“…

Application: AC amendment



33Bucheli | © Agroscope Reckenholz-Tänikon Research Station ART
The role of black carbon for the fate and behavior of organic pollutants in the environment | PBC 2009

AC amendment to contaminated 
sediment (PCBs)

Cho et al. 2009

+ AC

+ AC

+ AC

+ AC
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AC amendment to contaminated soil 
(PAHs)

Brändli et al. 2008

+ AC
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AC amendment: potential limitations 
and drawbacks

Ecotoxicity
Nutrient availability
Alteration of physical characteristics of soils and sediments
(permeability, etc.)
NOM attenuation may impair effectiveness of AC sorption
Time to reach equilibrium
Long-term stability unknown
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Conclusions

BC is ubiquitous in the environment
BC comes in many forms
BC is a strong sorbent for organic pollutants
Solid-water distribution of organic pollutants is dominated by 
BC
Desorption and bioavailability of organic pollutants is 
dominated by BC
Current risk assessment tools and legislations do not yet 
account for BC
Promising application of AC to immobilize pollutants
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