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Introduction

O

Compose a large group of compounds (200+)

Characteristic of two or more fused aromatic
carbon rings in the structure

O

O

Composed solely of carbon and hydrogen
atoms

Simplest PAH is naphthalene

|

Naphthalene



PAH Distribution

(]

Detected on every continent and virtually
every location on the globe

m]

Universal presence
Ease of transport
Stability

O

m]



PAH History

» Postulated that the high incidence
of cancer in chimney sweeps was
caused by an agent in chimney soot
(lIater shown to be PAHSs on soot)




= Paper mills
= Factories of consumer wood products
s Petroleum refining




PAH Natural Sources

(m]

Crude oil, coal, shale oils ... S E pe

m]

Forest /Prairie fires
Volcanoes = N

O

m]

Microbial degradation of black carbon
» Microbial production during
humidification (complex SOM)
(HSDB, 1995)



PAH Formation Processes

3 . ey
s Burning fossil fuels o
[ ) —Q.A‘ 3 :- \
= Biomass burning R AR
[ ° I’ ! :' ‘ X
= Cooking for meal preparation i BFAR

= Charcoal production

= Present in bio-oil from biomass
pyrolysis (e.g., Ré-Poppi and Santiago-Silva, 2002)



PAH Presence in Different Materials

Material

Soils

Urban soil (roadside)
Arable soil (farmland)
Terrestrial rocks

Other Biomass Materials:

Pine Needles

Wood Chips

Sewage sludge
Composts

Wood chips/leaves/grass clippings
Fall leaves/twigs
Wood chips/sewage sludge

> USEPA PAH
[ug g*] ppm

0.04 to 13.5
0.2t00.4

<0.1to 45

0.04 — 1.9

0.01 t0 0.015
2.2t0126
16.0

14.4
20.8

Reference

(Ritschel, 2008)
(Ritschel, 2008)

(Mahajan et al., 2001)

(Ratola et al., 2010;
Navarro-Ortega et al.,
2011)
(Chinnici et al., 2007)

(Wild et al., 1990;
Ritschel, 2008)

(Grossi et al. 2011)




Biochar i1s a form of black carbon
>

» Biochar spans the entire spectrum of black carbon

Brochar -
Soot - Char

Graphite Charcoal Biomass

Thermo-chemical conversion products

Adapted from Hedges et al., 2000; Elmquist et al., 2006; Spokas 2010



PAH Presence in Black Carbons

> USEPA PAH Reference

[ug g*] ppm
Black Carbon Form

Coal 0.3 to 253 (Wang et al., 2010)
(Laumann et al., 2011)

Slow Pyrolysis (wood) <0.01 (Zhurinsh et al. 2005)
(Singh et al., 2010)
Wood Ash (3.7% C content) 16.8 (Bundt et al., 2001)

1.0 to 3.7

Natural and synthetic charcoal (Brown et al., 2006)

Coconut shell charcoal (CocoNara™) 2.9 (Sepetdjian et al., 2010)

Hardwood Lump Charcoal 0.5 (Sepetdjian et al., 2010)

Three Kings™ (waterpipe charcoal) 1.2 (Sepetdjian et al., 2010)

Biochar (11 biochars/5 feedstocks) (Singh et al., 2010a)

Biochar (50 biochars) (Hale et al.. 2012)
' {Majority from same production unit}

Current observed biochar range: 0.01 to 45 ug g



Biochars Examined

» Laboratory scale
s Entrepreneur scale (homemade units)

= Pilot scale
= Small industrial scale units (tons/day)
s Wood fired boilers (high C wood ash)

= Various solvent extraction/clean-up
methods examined

ades




Total sorbed PAH on Biochar
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Total sorbed PAH on Biochar
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Total sorbed PAH on Biochar
» Highest sorbed PAH content: Slow Pyrolysis

Producer noted: Fire in the reactor that was
extinguished with water during production/cooled
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Total sorbed PAH on Biochar

» MAP and Hydrothermal produced lower amount of PAH

» Conditions not favorable for the production of PAH (?)
» Some of these used sewage sludge (2 to 126 ppm)
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Other studies — Hale et al. (2012)

Fast Pyrolysis and
“Traditional” Techniques

HP - Heartund Pine (gasfcation)
HW - Maed hardwood (fast pyrolyss)
WP- Lodmﬂt(muum)

DOM - Digestes dary o

W rmmammm-mml

PAMW - Paper mil wate (modem siow pyroyss |

CS - Com stover (modem siow pyroiysis)

EFBVESTO - empty fruit bunches (VESTO method)

EFBNTS - empty st bunches (Malaysian raditional stove)

EFB TLUD - empty frut bunches op M up deaft)

CCS TLUD - coconut shell (top it up draft)

CCS 3 stone - coconut shell (tracdkdonal 3 stone fire)

WS - Wheat syaw (microwave)

RWSD - Rutber wood sawdust (modem siow pysciysis)

O - Oak (modem siow pyrolysis, muffie fumnace)

P- P«.mwmww.)

G - Grans (modem siow pyrolyss, mufBe f,

OA - Cak aged slow pyrolysis oo nmmmw
PA - Pine aged siow p © by maching with Ssdled water)
GA - &ulwmmm by saching wen d water)
P - Pine wood [modem slow pyrolyss)

SG - Swich Grass (modeen siow pyrolysis)

Zamba charcaol oust - mixed in. slow pyrolyss)
Zamba siover - mmmmm;




Temperature Dependence

P
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» PAH formation historically
linked to higher production
temperatures

Yield [m-% of dry wood]
°© o o
£E 8B B

=
b=
2

» Higher production
temperatures lead to
higher PAH levels

1.6

Yiald [m-% of dry wood]
o o © :

(Morf et al., 2002)



Temperature Dependence
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» PAH formation
historically linked to
higher production
temperatures
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» However, there are
exceptions
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Factors in PAH formation

Not solely production temperature

= Presence of O, leads to increase PAH

production
(Rey-Salgueiro et al., 2004)

s Dryer biomass producing lower PAH levels
(Bignal et al., 2008)



PAH Presence in Ashes

Material > USEPA PAH Reference
[ug g*] ppm

Bottom/fly ash mixture (wood feedstock) (Davies et al., 1976;
Dugenest et al., 1999;
Johansson and van Bavel,
2003a)

Coal Fly Ash (Gohda et al., 1993)

Municipal solid waste incinerator - bottom (Johansson and van
ash Bavel, 2003b)

Incineration and gasification residues contain
higher amounts of PAH compounds

(0.5t0 185 ug g)




PAH Formation for Biochar

= Increases sorbed PAH content

) fa
= Wetter feedstock leads to increased PAH levels ?\\ "‘:;"

= Time since production = important factor




= Exclusion of oxygen is the most important, both
during production AND cooling

Many sources — air, water, carbohydrates, etc...
Biochar cooling — avoid air (O,) contact until cool

> Use dry feedstocks to minimize PAH formation

ades
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