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Measuring toxicity of char 

and its implications



Gasification of 

biomass is a 

convenient solution

for combined heat

and power (CHP) 

generation systems.

But…



Char and toxicity:

Char is basically the solid material that remains 

after a thermal treatment (combustion, 

gasification,…) of a material containing carbon 

(eg. biomass).

Polycyclic aromatic hydrocarbons (PAHs) 

are neutral, nonpolar molecules found in char 

and in tar deposits.

Cancer is a primary human health risk of 

exposure to PAHs.









Enrichment via food chain

?



The final target…



Biomass and thermal processes

only gasification?





What is possible with a small wood stove ?



Hydro Thermal Carbonization (HTC) is a 

thermo-chemical process for the 

conversion of biomass in a coal-water 

slurry 

The process reflects the natural process of 

coal generation. 

At a temperatures of  200 °C and 

pressures of 20 bars, solid and wet 

biomass is dehydrated within hours and 

transformed in to bio-coal with a heating 

value similar to that of brown coal.



The process itself is not new. It 

was first described by  Friedrich 

Bergius at the beginning of the 

last century when he studied 

naturally occurring coal formation.

In 1931 Bergius shared the Nobel 

Prize with Carl Bosch for their 

contributions to the invention and 

development of chemical high-

pressure methods.



Sludge: before and after HTC



PAHs

Tar Char

Acenaftene 22 23

Acenaftylene 28 11

Antracene 86 14

BaA 13 1,1

BghiP 2 0,11

BaP 17 0,08

CHR 75 1

DBahA 3 0,002

Fenantrene 50 52

Fluoranthene 38 88

Fluorene 23 1,7

IcdP 3 0,03

Naftalene 46 184

Pirene 48 26,5

mg/Kg

Examples of products of gassification:



Question:

Can we measure a toxicity by doing

chemical analysis?

Answer:

NO !

We need a biological testing-system



IN VITRO TOXICOLOGICAL HIGH-THOUGHPUT 
SCREENING METHOD

RAPID MULTI-PARAMETRIC 
ASSESSMENT WITH THE 

BENEFIT OF LOW COMPOUND 
REQUIREMENTS



High-content screening (HCS) or high-content analysis 

(HCA) describes a set of analytical methods using 

automated microscopy, multi-parameter image processing, 

and visualization tools to extract quantitative data from cell 

populations. HCS typically employs fluorescence imaging of 

samples in a high-throughput format and reports 

quantitatively on parameters such as spatial distribution of 

targets and individual cell and organelle morphology. 



MIXTURES AND TOXICITY IN-VITRO 

• Toxicity of wood smoke particles in human A549 lung epithelial cells: 
the role of PAHs, soot and zinc.
• Archives of Toxicology, December 2016, Volume 90, Issue 12, pp 3029–3044.

• Inhibition of the formation of benzo[a]pyrene adducts to DNA in 
A549 lung cells exposed to mixtures of polycyclic aromatic 
hydrocarbons
• Toxicol In Vitro, September 2016, Volume 35, pp 1-10.
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