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A b s t r a c t. The sam pies have been taken from 

8 500 ha of the soils located anound the Llme and Cement 
Plant 'KUJAWY' at Bielawy. ll1e surface and profile test 
points were located at the square grid inlerse'-'lions with a 
500 m module. An environmental variation range in the soi) 
has been detem1ined with regard of forms of a soil acidity, 
seoondary calciwn carbonate content and exchangeable ca
tions and soil solution C001position. 

A chemical analysis of the cement dusts emitted by 
Cement Piani demons!rates high level of calcium content 
{42-49 %), potassium (6 %) as well as the series of macro· 
and microelements that can influence on composition and 
properties of the soils and nutrition status of the plants. 

The area surrounded of 'KCW-KUJAWY' has been 
divided between three zones of differen! pH-reactions and 
the other soi) properties. ll1e highest alkalinity was obser• 

ved in the first zone, located close to the Cement Plant 
where reaction pH(KOl- 8 is registered and a soi) solution 
with sorptive complex are dominated by Ca2

• up to 95 % 
of saturation. 

The tower alkalinity and Ca2+ concentration in a 
sorptive complex and a soi) solution are registered in the 
second zone, located at a significant distance from the Ce

ment Plant. In the third zone, the KCW has a linie influen• 
ce on the soils in consideration of pH-reaction and other 
properties. However, the relatively high amount of excha
geable K+ and in soi) solution had been no!ed, also at the 

significan! distance from KCW. 
The classification 'by types' with regard of seconda

ry accumulation of CaCOJ, pH-reaction and degree of the 
sorptive complex saturation with Ca2+ in a near !op surfa

ce horizons indicates thai il is neccessary to renew the va
luation of the gray-brown podzolic soils and the brown 
soils loca!ed close to KCW towards the calcisols soil type 

{distinguished in the san1e classifications). 
K e y w o r d s: soi! acidity, cement dusts, soil sorp• 

tion complex 

INTRODUCTION 

During the production process, as of the ce
ment and other lime-originated products, in Li
me & Cement Plant 'KCW KUJAWY' at Bielawy, 
the different dusty and gas contaminations are 
emitted into the surrounding environment. The
re is no doubt that such emission involves the 
detenninable, environmental effects. Since 
1991/92, in the Department of Soil Science at 
the Faculty of Agriculture in Bydgoszcz the stu
dies had been performed to describe the KCW 
influence on soi! properties over the surroun
ded area. 

The purpose of present study was to descri
be changes in physical and chemical properties 
of the soils in relation to a large emission of the 
alkalic dusts. 

MATERIALS AND METHODS 

The analysis of the soil layers had been re
stricted to the area inside the circle of a radius = 
5 km, i.e., to the area ca. 8 OOO ha located aro
und of 'KCW KUJAWY'. 

The mean soil samples from the humus ho
rizon was taken at the points detennined by the 
square-grid at the module of 500 m. Total num
ber of the samples is 335 and each one sample 
has been tested with regard of: 
- the hydrolytic acidity by Kappen·s method; 
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- the pH-reaction in H2O and KC! by poten
tiometric method; 

- content of CaCO3 by Scheiblers method. 
The analysis, that has been made on the ba

se of the soi! sam pies testing, leads to primary 
demarcating of the soi! alkalinity zones. The re
sults verification was made on the base of the 
samples analysis that had been taken from 60 
open pits, with an additional testing of: 
- mechanical composition by Prószyński's hy

drometer method; 
- C-organic with Tiurin•s method; 
- N-total after mineralization after Kjeldahl's 

method; 
- exchangeable cations K, Na, Ca and Mg in a 

1-N NH4Cl solution after the previous rin
sing of the hydro-soluble cations and anions. 

Also, the chemical composition of a cement 
dusts from the precipitators or emitted into the 
atmosphere had been detennined by melting 
with Na2CO3 and digestion in a hydrofluońc 
acid with an ASA and Flapho photometer. 

RESULTS 

The considerable arnount of alkalizing ma
terials contained in the cement dusts can be ob
served in the encloscd Table l as well as in the 
chemical composition and properties test re
sults, i.e., 41.99 % CaO in the dusts discharged 
into atmosphere and 49.31 % CaO in the dust 
from precipitators. Also, the significant arnount 
of K2O should be pointed in the dusts. i.e., 6.67 % 
and7.59 %. 

The reaction and content of CaCO3 in the 
surface soi! samples is differentiated with re
gard of a zone (Table 2). 

On the base of such obtained results con
cemed with reaction and other properties of a 
soi!, the map was prepared with 3 zones marked 
for the different soi! alkalization levels (Fig. l). 

The highest levels ofpH(H2O) and pH(KCI) 
have been observed in the soils of zone I, !ower 
in the zone II and the smallest in the zone III. 

The hydrolytic acidity is smallest in the zo
ne I and the highest in the zone III. A secondary 
calcium carbonate accumulation is common in 
the zone I, occasionally observed in II and not 
registered in zone III. 

T a b I e 1. Chemical composition of cement dusi emitted 
by Kujawy cement-lime plant 

Dusi Dusi 
Con1ponent emitted from 

to atmosphere electrofilters 
%d.m. 

Si02 13.21 12.90 
FeiQ3 4.26 3.71 
AliOJ 7.26 6.42 
Ca0 41.99 49.31 
Mg0 1.23 1.37 
K20 6.67 7.59 
Na20 0.54 0.39 
PiOs 0.12 O.li 
pH KO 10.03 10.25 

mg/kgd.m. 
Cd 43.9 31.8 
Zn 530.6 280.8 
Ni 30.8 31.4 
Pb 772.1 936.5 
Cr 34.3 36.8 
Cu 59.6 38.9 
Mn 325.3 288.3 
Se 8.1 

Ta b 1 e 2. Range of hydrolytic, active, and exchangeable 
acidily, and content of calcium carbonate in mean surface 
soil samples 

Hh 
Zone (mmol H+/ 

100g) 
pH 
Hp 

pH 
KO 

CaCO
3 

(%) 

I 0.02-0.32 7.66-8.45 7.33-8.03 0.17-5.77 
II 0.06-0.73 7.01-8.16 6.76-7.63 0.00-0.82 
111 0.51-2.74 5.60-7.45 5.14-7.16 0.00-0.30 

The soil profiles which have been chosen 
for testing (Fig. I), represent proper gray-brown 
podzolic soil, gray-brown pseudogley soil, 
brown soi! and leached brown soi!. The gray
brown podzolic soil contains sandy materiał in 
surface hońzons which is underlayed with a 
sandy loarn or medium-heavy loam (Table 3.) 

The reaction of tested soils vańes between 
pH (KCI) 4.97 and 7.92 in the humus horizon 
upon the test point and the CaCO3 contamina
tion in these horizons of the zones I and II has 
been determined though it does not exist in the 
soi! parent rock. 

The total carbon content in the closed to 
surface horizons vańes from 0.63 to 0.96 %. 
More diffcrencies can be noted with regard 
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F1g. 1. Area of investigation, distinguished zones and profile locations. • number and profile location, extension zones (I 
and Il) and extension of soi! investigation (Ili). 

on the total-N: from 0.48 to 0.144 %. It makes 

the changes in C/N which varies from 6.94 to 
14.96. 

Table 4 shows the amounts of exchangeable 
cations and their percentage share in a soiptive 
complex. The highest content of Ca2+ was repor
ted in the humus horizon in the nearest locations to 

the 'KCW-KUJAWY' - 12.24 mmol(+)/100 g but the 
lowest contents are reported of the extreme di
stance from KCW -1.59 mmol(+)/IOOg. 

The Ca2+contents in the zone I and II are 
higher in near-to-surface horizons than in the 

soil parent rock. The other exchangeable ca

tions occur in smaller amounts and non-uni
form distribution of such cations can be 
observed. The same pattem as for Ca2+ have 
been found for S, T and V. 

The water-soluble cations content in a soil 
solution is differentiated with re gard to the zone 
(Table 5). 

The highest con tent of Ca2+, from 10.6 up 
to 0.86 mg/100 g soil was found in the top hori
zons of the soil. An appreciable con tent is repor
ted for Mg2+ - from 0.02 up to 1.90 mg/100 g of 
soil, and Na+- from 0.17 up to 2.17 mg/100 g of 
soil. The content is more differentiated as 0.90 
mg/lOOg of soil (B 10 profile) and 6.17 
mg/lOOg of soil (BI profile) has been reported 
in a near-to-top layer in the I zone. 

DISCUSSION 

With regard to soil reaction and other pro
perties, e.g., sorptive complex conditions, the 
total area of the properties chan ges reach 8 500 ha 
(I zone - 1 500 ha, II zone - 1 400 ha). In the 
light of these results, the 'KCW-KUJAWY' influ
ence onto surrounded soils cannot be restricted 
to two zones only, however, it is not confirrned 
by acidity fac tor. It seems, as the fac tor of influ
encing can be regarded K+ content in the soil, 
because - as reported in Table 4 - the exchangeable 
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Ta b I e 3. Some physicochemical properties of arabie soils from selected profiles 

Profile Horizon Depth 
(cm) 

pH CaC0
3 

(%) 
C Organie N C/N Texture 

total matter total 
Hp KC! (%) (%) (%) 

Zonel 

B-1 Ap 
Eet 
Bt 
C 

B-20 Ap 
BBr 
BbrC 
C 

0-30 
30-65 
65-95 

<95 
0-38 

38-70 
70-100 

<100 

7.97 
7.98 
7.28 
6.95 
7.50 
7.52 
7.55 
7.42 

7.92 
7.42 
6.19 
5.76 
7.39 
7.41 
7.45 
7.35 

1.53 

2.21 
0.98 

0.70 
0.18 

0.96 

1.20 
0.31 

1.65 

0.048 
0.014 

0.119 

14.58 
12.86 

8.03 

pgmp 
pgm 
gł 

pglp 
glp 
gł 

glp 
glp 

B-22 Ap 0-32 
32-43 
43-65 
65-93 

7.40 
7.65 
7.40 
7.38 
6.65 
7.30 
7.67 
7.72 

7.28 
7.51 
7.01 
6.68 
5.72 
7.23 
7.61 
7.25 

Zone II 

0.28 0.75 
0.16 

1.29 
0.27 

0.144 
0.019 

6.94 
8.42 

pglp 
pgmp 
glp 
glp 
gs 
pgl 
psg 
psg 

Eet 
Bltg 
B2tg 
C 

B-44 Ap 
Bbr 
C 

<93 
0-30 

30-52 
<52 

0.34 0.63 1.08 0.071 9.84 

Zone Ili 

B-27 Ap 
Eet 
Bt 
C 

B-47 Ap 
Bbr 

CCA 

0-30 
30-42 
42-90 

<90 
0-41 

41-102 
<102 

5.64 
6.44 
4.78 
5.93 
6.65 
7.04 
7.73 

4.97 
6.02 
3.91 
4.88 
6.40 
6.19 
7.51 

0.17 

6.03 

K+ amoW1t is significant (3-9 %) and it can be in 
conjunction to the chemical composition of the 
dusts, especially very light dusts that are carried 
by a wind for long distances (2,4]. 

The saturation degree of a sorptive complex 
with an alkaline metallic cations in the zone I and 
II reaches the level above 90 % (Table 4), also 
in deeper parts of the soi! profiles. It basically 
differs from an idea of the socalled ideał soil that 
should contain 65 % Ca. IO % Mg, 5 % K and up 
to 20 % of W in a sorptive complex [I] . How
ever, the saturation degree of the complex in the 
zone III approaches the level regarded as speci
fic for a natural soil in the surrounded region, 
outside of the influenced zones. lt is distinctive 
that CaCO3 content in a surface horizons is qui
te low (0.22-2.21 %) and this content is of se-

0.69 
0.16 

0.93 

1.18 
0.27 

1.60 

0.076 
0.018 

0.063 

9.08 
8.65 

14.76 

pgl 
pglp 
glp 
glp 
glp 
gł 

gł 

condary origin. A neutralization effect of such 
forms should be noted also. 

A slight rising of the pH KCl reaction fac tor 
up to ca. 7 might be adviceable for the soil proper
ties and a plant nutrition process (2,3,5], although 
the increast in reaction will change the sorpti
ve complex and the soil solution components 
ratio, and thus the plant nutrition conditions. 

Described changes of the soil properties 
thai have been resulted from dusts emission, 
should be ta.ken inio consideration during the 
plants selection and nutrition method choosing. 

A typological classification of the investi
gated soils is rather simple, if made without 
taking into consideration an anthropogenic al
kalization and these can be divided between the 
brown soils and gray-brown podzolic soil. A new 
systematization of the soils in Poland reports the 
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T a b I e S. Contents of water soluble cations in soi Is 

Depth Soluble cations (mg/100 g) 
Profile Horiwn (cm) 

Ca Mg Na K 

Zonel 

B-1 Ap O- 30 10.60 0.58 0.76 6.17 
Eet 30- 65 8.37 0.45 0.57 1.57 
Bt 65- 95 7.25 0.81 1.13 0.20 
C <95 4.87 0.61 0.86 0.20 

B-20 Ap O- 38 8.07 0.47 1.36 0.90 
BBr 38- 70 8.85 0.95 0.72 0.67 
BbrC 70-100 6.10 0.65 0.64 0.35 
C <100 4.52 0.98 0.70 0.70 

Zone II 

B-22 Ap O- 32 6.97 0.59 0.65 2.37 
Eet 32- 43 6.90 0.52 0.54 0.50 
Bltg 43- 65 4.37 0.95 0.66 0.95 
B2tg 65- 93 4.90 1.40 1.05 2.82 
C <93 2.50 1.90 2.17 1.17 

B-44 Ap O- 30 3.56 0.23 0.26 6.72 
Bbr 30- 52 1.71 0.18 0.29 3.97 
C <52 1.03 0.02 2.17 1.18 

Zone III 

B-27 Ap O- 30 0.86 
Eet 30- 42 4.75 
Bt 42- 90 5.27 
C <90 0.81 

B-47 Ap O- 41 5.48 
Bbr 41-102 4.68 
CcA <102 6.69 

anthropogenic pararendzina type of a similar 
properties however, without of described indu
strial influence on biotope modifications [7]. In 
some classifications [6], the mentioned soils are 
categorized as caldsols. Since the investigated 
soil's status appear to be rather permanent, it is 
suggested to introduce such distinction to the 
new soil systematic. 

CONCLUSIONS 

1. On the basis of soil reaction, CaC03 con
tent and the exchangeable cations in the sorpti
ve complex of the soils, the zonal affect of 
'KCW-KUJAWY' can be ascertained. 

2. The changes of pH-reaction and high Ie
vel of Ca2+ in a sorptive complex lead to recog
nize of the brown soils and gray-brown 
podzolic soil attributed to a zone I and partially 

0.20 0.21 1.80 
0.14 0.73 3.01 
0.41 0.47 1.37 
0.63 0.98 2.05 
0.72 1.59 10.11 
1.03 0.98 0.78 
0.90 1.22 0.66 

to a zone II as an anthropogenic pararendzina 
type or calcisols. 

3. Soil properties in the zone I and II recom
mend the necessity of the agrotechnology, ferti
lization and a plant rotation accordingly to the 
existing soil conditions. 
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ZMIANY ODCZYNU I WŁAŚCIWOŚCI 
SORPCYJNYCH GLEB UPRAWNYCH W OTOCZENIU 

KOMBINAllJ CHEMICZNO-WAPIENNICZEGO 
KCW 'KUJAWY' 

Z obszaru około 8.5 tyś. ha otoczenia Kombinatu Ce
mentowo-Wapiennego KCW 'Kujawy' w Bielawach po· 
brano próby powierzchniowe i profilowe gleb 
uprawnych na podstawie siatki kwadratów o boku 500 
m. Określono zasięg zmian środowiska glebowego w 
zakresie odczynu, zawartości węglanu wapnia oraz skla-

du kationów wymiennych w kompleksie sorpcyjnym i roz
tworze glebowym. 

Analiza chemicma pyłów cementowych emitowa
nych przez Kombinat wykazała dużą zawartość wapnia (42-
49 % ) oraz potasu ( 6 % ), jak również szereg innych makro
i mikroelementów, których ilości mogą rzutować na skład i 

właściwości gleb oraz odżywianie roślin. 
W terenie otaczającym KCW 'Kujawy' wydzielono 

trzy strefy zmian odczynu i właściwości gleb uprawnych. 

Największą alkalizację zaobserwowano w strefie pierwszej, 
położonej najbliżej zakładu, w której odczyn wynosi 

pHKa-8 a w roztworze glebowym i kompleksie sorpcyj

nym dominuje Ca2
+ zajmując do 95 % wysycenia. 

SI o w a k I ucz owe: kwasowość gleby, pyły cemen
towe. 


