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A B S T R A C T

Large amounts of fossil fuel combustion wastes (e.g. fly and bottom ash) are discharged on land surface all over
the world. The uppermost layer of disposal sites is subject to soil-forming processes after the development of
plant cover due to natural succession or reclamation works. The present study presents the analysis of
technogenic soils (Technosols) developed from ashes after combustion of bituminous coal and lignite. The study
involved the determination of their properties, their classification, and discussion of the indicators of early
pedogenesis. Technosols located on the surface of settling ponds and landfills of selected thermal power stations
in Poland combusting both bituminous coal and lignite were examined. Standard pedological methods for the
determination of soil morphology and physical-chemical properties were applied. Dithionite and oxalate
extractions of Fe, Al, Si, and Mn were used in order to determine transformations of soil substrate during
pedogenesis. Moreover, optical microscope observations permitted finding microscale effects of soil-forming
processes in the studied Technosols. The properties of the analysed Technosols are primarily influenced by the
properties of the parent material (i.e. ash from thermal power stations) which in turn are strongly dependent on
(1) the type of ash (fly ash vs. bottom ash), (2) the kind of fuel (bituminous coal vs. lignite), as well as (3) the
mode of ash deposition and type of disposal site (settling pond vs. dry landfill). Properties of the studied soils are
also controlled by the following soil-forming factors: vegetation (input of soil organic matter), human
(acceleration of soil-forming processes by reclamation), and climatic/weather conditions (leaching of soluble
compounds by water from precipitation). The most important morphological and physical-chemical indicators of
pedogenesis of the studied Technosols over several decades of soil formation are as follows: (1) the development
of soil structure in A horizon related to the accumulation of soil organic matter, (2) the decrease in pH (a change
in reaction from strongly alkaline towards less alkaline or acidic), (3) the formation of pedogenic carbonates and
their subsequent leaching from the topsoil after several dozen of years of pedogenesis, and (4) the release of
oxalate-extractable Al and Si during the pedogenesis. The studied soils were classified according to WRB as
Spolic Technosols (or Leptic Spolic Technosols) with various supplementary qualifiers (Alcalic or Eutric, Arenic
and/or Loamic, Calcic or Protocalcic, Fluvic, Hyperartefactic, Laxic, Relocatic, Tephric or Vitric). Certain
suggestions to improve the WRB soil system are discussed in the paper.

1. Introduction

Bituminous coal and lignite are still among of the most important
fuels for the production of electric power all over the world. The

activity of thermal power stations (TPSs) generates a variety of coal
combustion products (CCPs), with the highest contribution of fly ash
and bottom ash. For example, in the United States approximately 63
million Mg of fly and bottom ash was produced in 2014 (ACAA, 2014),

http://dx.doi.org/10.1016/j.catena.2017.05.010
Received 25 October 2016; Received in revised form 29 April 2017; Accepted 11 May 2017

⁎ Corresponding author.
E-mail address: lukasz_uzarowicz@sggw.pl (Ł. Uzarowicz).

Catena 157 (2017) 75–89

Available online 22 May 2017
0341-8162/ © 2017 Elsevier B.V. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/03418162
http://www.elsevier.com/locate/catena
http://dx.doi.org/10.1016/j.catena.2017.05.010
http://dx.doi.org/10.1016/j.catena.2017.05.010
mailto:lukasz_uzarowicz@sggw.pl
http://dx.doi.org/10.1016/j.catena.2017.05.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.catena.2017.05.010&domain=pdf


Ta
bl
e
1

Lo
ca
ti
on

,
ap

pr
ox

im
at
e
ag

e,
an

d
fi
el
d
se
tt
in
gs

of
th
e
in
ve

st
ig
at
ed

so
ils
.

So
il
pr
ofi

le
G
eo

gr
ap

hi
ca
l

po
si
ti
on

(G
PS

)
Fi
el
d
se
tt
in
g
an

d
to
po

gr
ap

hy
Ty

pe
of

di
sp
os
al

si
te

V
eg

et
at
io
n
an

d
pr
ed

om
in
at
in
g
pl
an

ts
A
pp

ro
xi
m
at
e
ag

e
of

so
il

G
en

er
al

de
sc
ri
pt
io
n
of

pa
re
nt

m
at
er
ia
l
an

d
m
or
ph

ol
og

y
of

so
il
pr
ofi

le
s

L1
G
ar
da

w
ic
e
vi
lla

ge
N

50
°0
6′
42

,9
″

E
18

°4
8′
34

,4
″

al
t.
27

9
m

a.
s.
l.

R
ec
la
im

ed
em

ba
nk

m
en

tl
oc

at
ed

in
on

e
of

th
e
qu

ar
te
rs

of
th
e
G
ar
da

w
ic
e
se
tt
lin

g
po

nd
;a

sl
op

e
sl
ig
ht
ly

in
cl
in
ed

(1
°)

to
w
ar
ds

th
e
no

rt
h

Se
tt
lin

g
po

nd
M
ea
do

w
;g

ra
ss
es
,
cl
ov

er
,m

os
se
s

<
5
ye

ar
s

V
er
y
w
ea
kl
y
de

ve
lo
pe

d
so
il
pr
ofi

le
bu

ilt
of

as
he

s.
In

th
e

up
pe

r
pa

rt
of

th
e
pr
ofi

le
(d
ow

n
to

11
0
cm

),
th
e
as
h
m
at
er
ia
l

is
m
ix
ed

(n
o
st
ra
ti
fi
ca
ti
on

vi
si
bl
e
in

th
e
pr
ofi

le
;p

re
se
nc

e
of

fr
ag

m
en

ts
of

se
ve

ra
lc

en
ti
m
et
re
s
la
rg
e
ag

gr
eg

at
es

of
cr
us
he

d
as
h
la
ye

rs
).
Be

lo
w

11
0
cm

,a
sh
es

sl
ig
ht
ly

st
ra
ti
fi
ed

.
L2

G
ar
da

w
ic
e
vi
lla

ge
N

50
°0
6′
27

,0
″

E
18

°4
8′
37

,9
″

al
t.
28

1
m

a.
s.
l.

A
ba

nd
on

ed
,u

nr
ec
la
im

ed
qu

ar
te
r
of

th
e
G
ar
da

w
ic
e

se
tt
lin

g
po

nd
;a

fl
at

su
rf
ac
e

Se
tt
lin

g
po

nd
M
ea
do

w
;g

ra
ss
es

(m
ai
nl
y
re
ed

gr
as
s)
,m

os
se
s

an
d
lic

he
ns
,
si
ng

le
pi
ne

se
ed

lin
gs

an
d

pe
re
nn

ia
ls

~
20

ye
ar
s

V
er
y
w
ea
kl
y
de

ve
lo
pe

d
so
il
pr
ofi

le
bu

ilt
of

la
ye

re
d
as
he

s.
R
us
ty

m
at
er
ia
l
en

ri
ch

ed
in

m
ag

ne
ti
te

oc
cu

rr
in
g
in

th
e

to
ps
oi
l
at

a
de

pt
h
of

ap
pr
ox

im
at
el
y
5
cm

.C
oa

rs
e
gr
ai
n

(g
ra
ve

ls
,
sa
nd

)
st
ra
ti
fi
ed

m
at
er
ia
l
pr
ed

om
in
at
in
g
in

th
e

up
pe

r
pa

rt
of

th
e
pr
ofi

le
(d
ow

n
to

11
0
cm

).
Fi
ne

gr
ai
n
(s
ilt
)

w
el
l
st
ra
ti
fi
ed

m
at
er
ia
l
pr
ed

om
in
at
in
g
be

lo
w

11
0
cm

.
L3

G
os
ty
ń
vi
lla

ge
N

50
°0
7′
32

,4
″

E
18

°5
0′
35

,1
″

al
t.
26

8
m

a.
s.
l.

R
ec
la
im

ed
su
rf
ac
e
of

th
e
G
os
ty
ń
se
tt
lin

g
po

nd
;
a
fl
at

su
rf
ac
e

Se
tt
lin

g
po

nd
M
ea
do

w
;g

ra
ss
es

(m
ai
nl
y
re
ed

gr
as
s)
,

m
os
se
s,

si
ng

le
th
is
tl
es
,s

ee
dl
in
gs

of
sn
ow

be
rr
ie
s,

w
al
nu

ts
,a

nd
bi
rc
he

s

~
35

ye
ar
s

V
er
y
w
ea
kl
y
de

ve
lo
pe

d
so
il
pr
ofi

le
bu

ilt
of

as
he

s.
In

th
e

up
pe

r
pa

rt
of

th
e
pr
ofi

le
(d
ow

n
to

57
cm

),
th
e
as
h
m
at
er
ia
li
s

m
ix
ed

.N
o
st
ra
ti
fi
ca
ti
on

vi
si
bl
e
in

th
at

pa
rt

of
th
e
pr
ofi

le
.

Pr
es
en

ce
of

fr
ag

m
en

ts
of

se
ve

ra
l
ce
nt
im

et
re
s
la
rg
e

ag
gr
eg

at
es

of
cr
us
he

d
as
h
la
ye

rs
(p
re
vi
ou

sl
y
co

m
pa

ct
ed

).
W
el
ls
tr
at
ifi
ed

m
at
er
ia
lw

it
h
al
te
rn
at
in
g
co

ar
se

gr
ai
n
(g
ra
ve

l,
sa
nd

)
an

d
fi
ne

gr
ai
n
(s
ilt
)
la
ye

rs
pr
ed

om
in
at
in
g
be

lo
w

57
cm

.
L4

Ła
zi
sk
a
G
ór
ne

to
w
n

N
50

°0
8′
08

,5
″

E
18

°5
0′
28

,7
″

al
t.
31

7
m

a.
s.
l.

O
ld

la
nd

fi
ll;

a
sl
op

e
sl
ig
ht
ly

in
cl
in
ed

(5
°)

to
w
ar
ds

th
e

so
ut
h

D
ry

la
nd

fi
ll

Sp
ar
se

bi
rc
h
an

d
as
pe

n
fo
re
st

w
it
h
gr
as
se
s

(m
ai
nl
y
re
ed

gr
as
s)

an
d
th
is
tl
es

in
gr
ou

nd
co

ve
r

~
60

ye
ar
s

W
ea
kl
y
de

ve
lo
pe

d
so
il
pr
ofi

le
bu

ilt
of

as
he

s
w
hi
ch

w
er
e
no

t
st
ra
ti
fi
ed

.A
hu

m
us

ho
ri
zo

n
w
it
h
a
th
ic
kn

es
s
of

ap
pr
ox

im
at
el
y
30

cm
de

ve
lo
pe

d
in

th
e
to
ps
oi
l.
Pr
es
en

ce
of

ha
rd

ag
gr
eg

at
es

(s
iz
e
up

to
2
cm

)
co

ns
is
ti
ng

of
ce
m
en

te
d
as
h

m
at
er
ia
l
th
ro
ug

ho
ut

th
e
pr
ofi

le
.

K
2

K
az
im

ie
rz

Bi
sk
up

i
vi
lla

ge
N

52
°1
7′
59

,2
″

E
18

°1
2′
05

,4
″

al
t.
88

m
a.
s.
l.

A
ba

nd
on

ed
,u

nr
ec
la
im

ed
qu

ar
te
r
of

th
e
se
tt
lin

g
po

nd
ne

ar
th
e
Pą

tn
ów

TP
S;

af
te
r
cl
os
ur
e
us
ed

as
a
pl
ac
e
fo
r

ev
ap

or
at
io
n
of

al
ka

lin
e
w
at
er
s
fr
om

TP
S;

a
fl
at

su
rf
ac
e

Se
tt
lin

g
po

nd
M
ea
do

w
;g

ra
ss
es

(m
ai
nl
y
re
ed

gr
as
s)
,y

ou
ng

se
ed

lin
gs

of
bi
rc
h,

w
ill
ow

,a
nd

w
hi
te

po
pl
ar

~
40

ye
ar
s

V
er
y
w
ea
kl
y
de

ve
lo
pe

d
bi
pa

rt
it
e
so
il
pr
ofi

le
.P

re
se
nc

e
of

a
la
ye

r
of

ye
llo

w
is
h
la
m
in
at
ed

ca
lc
ar
eo

us
m
at
er
ia
l
in

th
e

to
ps
oi
l
(d
ow

n
to

16
cm

).
W
el
l
st
ra
ti
fi
ed

as
h
m
at
er
ia
l
w
it
h

al
te
rn
at
in
g
co

ar
se

gr
ai
n
(g
ra
ve

l,
sa
nd

)
an

d
fi
ne

gr
ai
n
(s
ilt
)

la
ye

rs
pr
ed

om
in
at
in
g
be

lo
w

16
cm

.
K
3

K
on

in
to
w
n

N
52

°1
6′
53

,6
″

E
18

°1
4′
55

,9
″

al
t.
82

m
a.
s.
l.

A
ba

nd
on

ed
,u

nr
ec
la
im

ed
qu

ar
te
r
of

th
e
G
os
ła
w
ic
e

se
tt
lin

g
po

nd
;a

fl
at

su
rf
ac
e

Se
tt
lin

g
po

nd
Sp

ar
se

m
ea
do

w
w
it
h
pa

tc
hy

pl
an

t
co

ve
r;

gr
as
se
s,

lic
he

ns
,s

in
gl
e
se
ed

lin
gs

of
w
ill
ow

,
w
hi
te

po
pl
ar
,
an

d
bi
rc
h

~
40

ye
ar
s

V
er
y
w
ea
kl
y
de

ve
lo
pe

d
bi
pa

rt
it
e
so
il
pr
ofi

le
.P

re
se
nc

e
of

a
la
ye

r
of

ye
llo

w
is
h
la
m
in
at
ed

ca
lc
ar
eo

us
m
at
er
ia
l
in

th
e

to
ps
oi
l
(d
ow

n
to

7
cm

).
W
el
l
la
m
in
at
ed

as
h
m
at
er
ia
l
w
it
h

sa
nd

y
te
xt
ur
e
pr
ed

om
in
at
in
g
be

lo
w

7
cm

,s
ho

w
in
g
ve

ry
fi
rm

co
ns
is
te
nc

y.
Pr
es
en

ce
of

a
ce
m
en

te
d
la
ye

r
bu

ilt
of

fi
ne

m
at
er
ia
l,
co

nt
ai
ni
ng

va
st
am

ou
nt
s
of

un
bu

rn
ed

lig
ni
te

be
lo
w

50
cm

.
K
5

K
on

in
to
w
n

N
52

°1
6′
39

,7
″

E
18

°1
6′
35

,6
″

al
t.
85

m
a.
s.
l.

A
ba

nd
on

ed
,r

ec
la
im

ed
se
tt
lin

g
po

nd
ne

ar
th
e
K
on

in
TP

S;
a
fl
at

su
rf
ac
e

Se
tt
lin

g
po

nd
Y
ou

ng
sp
ar
se

fo
re
st

co
ns
is
ti
ng

of
bi
rc
h,

Sc
ot
s

pi
ne

,a
nd

w
ill
ow

;g
ro
un

dc
ov

er
:
gr
as
se
s,

m
os
se
s,

cl
ov

er
an

d
ot
he

r
pe

re
nn

ia
ls

~
40

ye
ar
s

W
ea
kl
y
de

ve
lo
pe

d
tr
ip
ar
ti
te

so
il
pr
ofi

le
.T

he
O

an
d
A

ho
ri
zo

n
de

ve
lo
pe

d
in

th
e
to
ps
oi
l
(0
–7

cm
)
du

e
to

ac
cu

m
ul
at
io
n
of

so
il
or
ga

ni
c
m
at
te
r.

Pr
es
en

ce
of

br
ow

ni
sh

lo
am

y
m
at
er
ia
l
co

nt
ai
ni
ng

ha
rd

fr
ag

m
en

ts
of

as
h
la
ye

rs
(p
re
vi
ou

sl
y
ce
m
en

te
d)

cr
us
he

d
du

e
to

re
cl
am

at
io
n
pr
oc

es
se
s

be
tw

ee
n
7
an

d
60

cm
.P

re
se
nc

e
of

a
la
ye

r
of

ce
m
en

te
d,

w
el
l

st
ra
ti
fi
ed

,w
hi
ti
sh

an
d
lig

ht
-g
re
y
ca
lc
ar
eo

us
as
h
m
at
er
ia
l

be
lo
w

60
cm

.

Ł. Uzarowicz et al. Catena 157 (2017) 75–89

76



Download English Version:

https://daneshyari.com/en/article/5769848

Download Persian Version:

https://daneshyari.com/article/5769848

Daneshyari.com

https://daneshyari.com/en/article/5769848
https://daneshyari.com/article/5769848
https://daneshyari.com

