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INTRODUCTION

Bog fires can be considered as serious natural event, considering their significant dimensions (from local scale fires, to
regional), significant increase during last decades due to bog transformation to agricultural lands, climate change,
accidents and human activities. Bog fires has raised attention at first due to resulting air pollution and adverse impacts on
human health. Fires has happened in Europe, South East Asia, South America and elsewhere . Bog fires contribute at the
global warming as huge amounts of greenhouse gasses are emitted (Page et al., 2002). While peatlands can burn with
open fire, smouldering peatland fires are wildfires with the largest fuel consumption in the world. Peatland fires cause large-
scale accumulation of smoke at low altitudes in the atmosphere, which results in the decrease of air quality (Hu et al., 2017).
Large smouldering peatland wildfires are very rare events at the local scale, but when they happen, they severely affect
peatlands, producing physical, chemical and biological changes to peat (Rein et al., 2008). However not only air pollution is.
ofimportance, but the manifestation of fires on bogs and adjacent territories are of equivalent significance. Locally bog fires
results in destruction of valuable and unique ecosystems, landscapes, change of hydrological regime in bogs, threats to
forest and other ecosystems. All these aspects urge to take actions to protect bogs from accidental fires. However, bog fires
changes peat chemical and physical properties. During fires the peat s subjected to high temperature transformation of the
peat organic matter, finally to mineralization of peat. It can be supposed that peat after bog fires have significantly different
properties than original peat and thus can influence the peat supporting capacity to life on bogs, peat revegetation after bog
fires and, of course, caninfluence the quality of peat ifitis mined and used for production of growing media.

MATERIALS AND METHODS

 Peat sampling
Peat samples after bog fires were sampled in Saukas bog. Upper layer of the peat (further — coked peat) with
evident impact of the bog fire (presence of black particles of peat char) were studied. For further analysis the coked
peat was dried (105 °C) and homogenized.

« Peat thermal treatment
Typical raised bog samples were chosen to study changes in peat properties after bog fires. wet peat by volume
was packed in a cast i iron capsule and charred in 4 temperatures — 150 °C; 225 °C; 300 °C and 375 °C.
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RESULTS AND DISCUSSION
Changes of peat properties during bog fires — experimental study
In charred Sphagnum peat, both the structure an
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Itis a very simple question: What happens to peat during bog fires? However, tn\&svﬁar is by far not so easy as very 7
studies are dedicated to the studies of peat transformation during bog fires. There studies of soil organic ma't‘ti&'f | “", )
transformation during forest fires, peat properties during recultivation activities as well as water retention capacity of peat
after fires. Prolonged heating and the large loss of the peat mass change functional properti eat humic substances. It = LA}
is believed that 1 h under the temperature that exceeds 300 C leads to 90 % of mass loss of burnt peatlayers and complete “{ w 5
peat sterilization. Specifically impact of bog fires on majorgroup of péat orgamc subs!ances umic sul oes has been ( _.
studied.

Peatland fires in natural peatlands with unaffected groundwatsc level are extremely rare, whil
excavation sites, deforestation and forest degradation, that all are linked to peaﬂsnd drainage,
especially in summer seasons with low rainfall. Moisture content controls peat |gml|or1, dry peat ignites ve
burn for months, smouldering underground and re-emerge away from the initial source (Rein etal., 2
peatland fires are more likely to appear in raised bogs than in fens and these fires are highly unprea
uncontrollable and thus difficult to extinguish (Svensen et al., 2003). Still the eXIStII‘IQStUdIeS cover only a minor
knowledge needed to understand the impacts of the bog fires on the peat properties. 5 ™

The aim of the study is to analyse the impacts of the bog fires on example of thermal treatmentof peat, onthe a’nd ]
especially humic matter properties to advance the understanding of the bog fire impacts on the pea( bmpemeshn bog
ecosystem functioning. .
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The excitation-emission matrix spectrum was taken uslng a 1 cm glass cuvette using distilled water as blank!
+ Thermogravimetrical analysis (TGA)
5 mg of peat samples was heated with a constant heating rate 20 °C/min to 900 °C in inert atmosphergg:\th

from peat

nitrogen gas flow of 100 mL/min and oxygen during last 5 minutes. Moisture, volatile, fixed carbon an hcontent
was detected. Data of weight loss (w%) and derivative weight loss was recorded (w%/°C) during whole TG analysis.
Peat mineralisation

Peat sample was heated one more time at 900 °C. Na; Ca; Mg and K were analysed. Sulphate ions |§a fltered water
phase were measured. Peat water extract was titrated with 0.02M AgNO3 USI%Q potassium chrog:at ‘as an
indicator to determine chloride ions. LY
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Natural peat Natural peat
heated at | A heated at | A
150°C

ores of the Sphagnum Ieaves are damaged before heating and there is increasing heating | |

effect observed along the increase of heating temperature (Figuire1). The leaf structure becomes shapeless and the: pores are compressed. More

expressed changes happened also because of cl‘ie{mcal pre
“significant.

sses in charred slﬁmple while il in dry and only heated sample changes are not
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In chemical o?]hposmon of dried natural peat, ‘t > main chemical element is gkygen reaching approximately 61 to 69% and it does not vary

signiﬁcantly e heating temperatures. Frb o
chemical composition of charred peat oxyg ied fi
N, Br)determlned howeverin small quantiti

r}‘loval of
ally bound water, ‘happens at 110 °C ( igure 2).
res (200-300 °C) the destruction takes
condensed’ components. The- stage of
8 destruetlve drying or torrefication is enter und 200 °C:|
As it isvshowed by earlier studies, d g
significantly” changes water uptake properties of peat tz
hcreasmg its hydrophobicity due to removal of hydrophil
hydroxyl and. carboxyl functional groups from the-surface of
the material.
er uptake dec;éases more than two times after the
thermaltreatment this fact undoubtedly plays significant role
considering biological as well as chemical processes after
the fire. Finally, at about 350-500 °C thermal effects are
attributed to the pyrolysis of the more condensed materials, Temp;:lﬂﬁ )
suchas aromatic compounds of lignin and remain umic | — TG DTG
acids. T’he TGA analysis do not reveal significant diffe ces
betw: natural peat and coked (charred) peat (Figure 2 A,
C) as Well as natural peat and coked peat after thermal
treatme (torrefication) (Figure 2B, D).
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* “Figure 2. Thermogravimetrical analysis of peat sample’
thermal decomposition: A - natural peat; B - natural peat torrefied
at 375 °C; C - coked peat; D - coked peat torrefied aﬁ-{}jﬁ °C

W # “Thus; oneluenn‘can be drawn that despite the visually
‘ seen dlffe'anses in the peat appearance (presence of small
Qrbonaceous P s in coked peat) the actual differences
in a,major part of‘t peat mass after peat fires are not so
Sigl icant. Howev the thermal transformation is deeper
as in casel c}thé torrefication resulting in the total S0 — |
transformation ofipeat mass in carbonaceous mass, the ]'GA
demonstrates significantly differing the behaviour( [R)f Coked Peat375°C NN
Restllts of experimental thermal treatment,of peat blﬂﬂ'ed e 208 45 o -
from bog fire sites provides undersfanding of chemical o A’ N & 60:" B0% .
probesses taking.place during bog firein the layer of peat. mMoisture (%) mVolatiles (%) ® Fixed carbon (%) = Residue (%)
Contrary to the u| perlaye'i'where complete mineralisation of
material take J)i ce, processes in the deeper layers differ,
*slgnlﬁgﬂrﬂ d must be characterised as pyrolytic
..decbmposmon r as torrefication: depending on temperatdre experienced by material uunng the/fire. The next slage of the
thermal decomposition: pyrolysis (decomppsition of polyi ic chains) takes place at temperatures hlgherthan 350:C, as we
see in Figure 3., this process mvolves-cLE nking reactions pr&ducmg significantamounts of fixed carbon.”

Figure 3. F"ruxirnate analysis of peat, cokedpeat
and natural and coked peat after treatment al 520
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-emission matrices of peat
nces suggests the: presence of
complex strlictural components ‘with hit

"= relative, degree of aromatic condensation'ar
high relative number of conjugated
ﬂuorophores (Figure 5).

- The difference in the fl orescence between
" natural and - charred humic substances
emerges in the relatwe intensity, whichin
_Gharred peat humic" substanc higher,
suggesting increase .in aromatioity ‘due to
prolonged heat impact on i believed
© that peatg induces i increased production of |

humic sul

Figure 5. Excitation-emission matrices of.
Sphqgnum moss peat humic substances in

natural semn )8 and after a'smouldering peatland fire
~benzene,fwhich is Ieast mplab aromatlc d 9 pe

“hydr
ﬁzqueq ofbog ﬁres on peat propemes andLossibIe impagtsof recovery of peatlandsiafter bog fires -
The Bog fires It in significant changes of peat properties. Alfirst thexdevelopment of peat char (biochar)
rticles is evident: after peat fires - everyone can observe blacl chr onthe surface ofibogs. Peatchar is much
more stable in respect to degradation than peatand can remain in peat Iayersf ousands ofyears. Also, SEM
figures proves the significant changes in the view of peat particles.

The structure and pores of the Sphagnum leaves from the dried natural peat ﬁeserved even after heanng\
while the structure and pores of the burned peat are significantly deformed and do changes{gﬂ' flcahtlywhen
heated, suggesting that the peat has been exposed toreally high temperatures during fire.

Irrespective of the heating temperature, the chemical composition of natural peat mainly is represen(eﬁ by the
oxygen (61-69%) and carbon (27-37%), but the presence of ‘other elements is small, however the mineral
substances (inorganic ions) after bogfires can leak out from the peat.

The chemical comp03|t|on ofiburnt peat is more variable than thatof natural peat -Although the main elements
are the same as in natural peat -'oxygen and carbon - it still contains:up to 12% silicon (Si), as well as other.
chemicalelements (Br, Al K, N) have been determined. x

The structure of the charred peat is significantly and irreversibly affected, possi Iy resulting in loss of peat

absorption properties. 1 U

e)ements determlned‘predcmlnantly ‘only carbon fluctuates from 27 to 87%. In the
o 68% ar}d decree’se of carhon was observed There were o(her elemen(s (S| K, Al,

Natural peat Natural peat

Charred peat Charred peat
heated at heated at

Flgure 1. Scannmg electron mlcroscopy images of natural peaLheated- at
5 °C (B) and coked peat heated at 375°C (C)
as well as elemental composition.of corresponding peat samples
obtained using energy dispersive spectroscopy

peat significantly reduces
ntofh esavailable in the peat
yields-of substances in coked

icantly lower (~ 25%) than-in natural
peat.‘Such changes can be related to the
condensation of peat organic matter and related
decrease of solubility. The humic substances in the
peat can affect' the ability of peat to support
development of vegetation on bogs and thus the
reduction of the availability of the humic substances
on the intensity of the thermal treatment
(temperature) shows the impacts of bog fires on the
peat properties and following application
possibilities.
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Figure 4. Changes of concentration of humic substances
(expressed as total organic carbol c ncentration) in peat
4 o '(‘ bo b (natural and co‘keld) deperr:dmg Iol i‘{err;perature of(he
. The tifermal treatment of peatfesults in increase of ollowing thermal treatmen
the pirg well-as in the concent'ratlitns (0| 6[EEI\WELY peatsample  pH  TDS,ppm o, pSicm  TOC, mgig
substances as indicated by the changes of TDS and BeiEk]
conductivity 6f the aqueous extractsiof the peat) [ S
(Table 1). Also, slight increase in concentrations*ef NE 250
inorganic ions, 'represenﬂng the mlneraF'ﬂiatter of BV
peat can be observed in coked"peat.in comparison s
with natural peat as well,as in the peat depending on RS0 S
‘the temperature of the'thermal treatment. As the re- ikl
vegetation of peatlands after bog fires, depends on
availability of nutrients, this finding illustrates the ~
impacts of bog fires on the peatlands.

‘Table 1. Changes of composition of peat water.soluble
components and peat ﬁﬂmlc substances’
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