dJ. Elem. s. 371-379 DOI: 10.5601/jelem.2013.18.3.02

MANGANESE MOBILITY IN SOILS
UNDER THE IMPACT OF ALKALINE
DUST EMISSION

Halina Dabkowska-Naskret, Hanna Jaworska

Chair of Soil Science and Soil Protection
University of Technology and Life Sciences in Bydgoszcz

Abstract

Manganese is required by plants for photosynthesis. It is also is a key activator in
anumber of critical processes in plant tissues. Moreover, it has been proven that Mn is an
essential element for animals and people.

Manganese deficiency may occur in soils that are sandy alkaline or calcareous. The
objective of the study was to asses the long-term impact of alkaline cement dust, emitted
by the Lafarge Cement Plant in Bielawy (Kujawy region) on manganese availability in
soils in the vicinity of the source of emission.

The mobility of Mn was estimated by DTPA-extraction of soil samples. It was stated
that DTPA-extractable Mn was in the range of 0.81-12.07 mg kg! ie. below the recom-
mended limits for the proper plant growth. The lowest content was detected in soils adja-
cent to the cement plant, with the highest pH due to the most intensive alkaline dust
emission. Cement dust acts like a liming substance and affects manganese mobility.
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MOBILNOSC MANGANU W GLEBACH BEDACYCH POD WPLYWEM
PYLOW ALKALICZNYCH

Abstrakt

Mangan jest niezbedny dla roslin w procesie fotosyntezy oraz jako aktywator wielu
procesow zachodzgcych w tkankach roslinnych. Stwierdzono takze, ze jest on istotnym pier-
wiastkiem dla zwierzat i cztowieka.
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Niedobér manganu wystepuje w glebach piaszczystych, weglanowych lub o odczynie
alkalicznym. Celem badan byta ocena wieloletniego wptywu emisji pylu cementowego o od-
czynie alkalicznym emitowanego przez Zaklady Cementowe Lafarge S.A. w Bielawach (Ku-
jawy) na dostepno$¢ manganu w glebach w sasiedztwie zrédia emisji.

Mobilno§é manganu oznaczono przez ekstrakcje probek gleby roztworem DTPA. Stwier-
dzono, ze zawartosé DTPA — ekstrahowanego Mn byla w zakresie 0.81-12.07 mg kg1, tj.
ponizej wartosci deficytowych dla roslin. Pyt cementowy dziala na gleby jak materiat wap-
nujacy i wplywa na mobilno§¢ manganu.

Stowa kluczowe: mangan, mobilno§é¢, pyt cementowy, alkalizacja.

INTRODUCTION

Manganese is an essential trace element which occurs in varying
amounts in all tissues. It is a constituent or activator of enzymes in plants
and animals. This micronutrient is required for photosynthesis and is a key
activator in a number of critical metabolic processes in plants (Yu, RENGEL
1999). Moreover, Mn is important in the development of resistance in plants
to root and foliar diseases of fungal origin, lowering the inoculum potential
of soil-borne pathogens. Animals need Mn for neural development (FROSLIE
1990). It has also been proven that Mn is an essential element for humans
(Van CampEN 1991). It was reported that Mn*2 ions protect biological compo-
nents and living cells from oxidative damage (VAraNI et. al. 1991).

Manganese deficiency occurs in soils that are alkaline, calcerous, saline
or sandy. The concentration of available Mn is also related to the cropping
system or the way land is maintained (ZarczyNskI et al. 2011). Yields of crops
grown on calcerous soils are frequently limited by Mn deficiency resulting
from a low Mn availability rather than a low Mn content in the soil.

Antropogenically alkalized soils may suffer from a low or deficit level of
this micronutrient in an available form. Long-term exposure to alkaline dust
pollution from a cement plant has resulted in soil alkalization (CiesLA et al.
1994). The problem of pollution is caused by the production, handling and
transportation of cement. Heavy metals are among the best-known substanc-
es emitted during the process of cement manufacture. Furthermore, alka-
line dust has a harmful effect on the soil environment. Air pollutants gener-
ated during the cement manufacturing process consist primarily of
particulates from raw and finished materials as well as by-products of fuel
combustion. The raw material — a combination of calcareous rock (lime-
stone) and aluminosilicate material is brought to temperatures up to 1450°C
to decarbonate the calcareous material and to produce cement clinker. Port-
land cement is a fine powder comprised of calcium oxide (60 to 67%) silicon
oxide (17 to 25%) aluminium trioxide (3 to 8%) and ferric oxide (0-5%). The
cement and lime industry is among the industries generating most dust
(FARMER 1993).
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The objective of the present study has been to asses the long-term
impact of alkaline cement dust on the mobility of manganese in soils adja-
cent to a cement plant. The Lafarge Cement S.A. plant, located in Bielawy
(Kujawy region), has been chosen for the study. The plant is a serious source
of environmental dust pollution.

The scarcity of published information about the Mn status in soils con-
taminated with cement dust encouraged the above study undertaken in an
attempt to fill this gap in our knowledge.

MATERIAL AND METHODS

The analyzed location lies in the rural area of Kujawy region. The re-
search material comprised samples of sandy soils, taken at different distanc-
es from the pollution emitter, i.e. the Lafarge Cement S.A. plant in Bielawy
(Figure 1). Soils were sampled from two depths (0-20 cm and 20-40 cm) at
six sites located in different distances from the source of dust emission. The
soil material was sampled once a year for six years (2006-2011).
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Fig. 1. Location of soil samples

The soil samples were air dried and crushed to pass through a 2 mm
mesh sieve. The soil’s pH was measured in a 1:2,5 (w:v) soil to water sus-
pension using a glass electrode pH-meter.

The soil samples were digested in a mixture of HCl and HNO3 concen-
trated acids for the determination of total amounts of manganese. Manga-
nese availability to plants was estimated by extracting with DTPA-solution,
according to Linpsay and NorveLL (1978). The concentrations of Mn in solu-
tions were measured by atomic absorption spectrometry on a PU 9100 X
Philips instrument. All soil samples were analyzed in triplicate.
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The statistical analysis of the results was performed with a Statistica
8.0 PL computer programme. The probability level of a = 0.05 was selected
to establish statistical significance.

RESULTS AND DISCUSSION

Table 1 provides information about some general characteristics of the
soils examined in this study. The texture of the soils varied only a little and
all the samples were classified as sandy soil. The content of soil organic
carbon was generally low (less than 12.0 g kg™!) ranging from 7.6 to 14.0 g
kg1, except for sample P2.

The pH of the soils differed depending on the location and sampling
period, varying from 5.49 to 8.83 (Table 2). The highest pH was detected in
samples in the direct vicinity of the cement plant (site P2). The elevated
alkaline pH occurred each year of the study (2006-2011) and was observed in
surface and subsurface samples from site P2.

The natural soil pH is in the range 5.0-6.2 (CiesLa et. al. 1994). Thus,
differences in the pH of these soils compared to their originally slightly
acidic pH correspond to differences in the H* concentration equal ~ 5.000
fold (~ 3.5 pH units).

Table 1
Selected properties of soils
Depth Corg CaCOq Mn total
Sample (cm) (g ke %) (mg kg

1 0-20 11.9 0.33 272.2

20 - 40 8.50 0.29 243.3

0-20 14.1 6.80 319.1
P2

20 - 40 8.20 4.60 346.4

0-20 11.5 - 261.0
P3

20 - 40 10.0 - 276.1

0-20 10.7 - 218.1
P4

20 - 40 9.10 - 229.4

0-20 11.7 1.80 168.9
P5

20 - 40 10.2 1.30 144.1

0-20 8.50 - 163.1
P6

20 - 40 7.60 - 140.6
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Table 2
Changes in DTPA extracted Mn and concentration of (H*) in soils during
the 6 years of observations
Depth DTPA- Mn o
Sample (cm) pH H,0 SD (mg kg ) SD
0-20 632 -808 % 0.59 16-627%* 1.73
7.22 3.81
P1
20 - 40 651-734 0.56 127 -452 1.18
8.18 3.02
0-20 794 - 852 0.22 105-115 3.84
8.12 3.78
P2
20 - 40 810-883 0.26 1.02-109 3.79
8.30 3.26
0-20 589 -672 0.30 423 - 862 1.73
6.19 5.68
P3
20 - 40 590-672 0.36 260-710 1.73
6.30 4.81
0-20 6.01-642 0.16 267-770 1.95
6.23 5.53
P4
20 - 40 598 -658 0.26 108-120 4.07
6.27 6.22
0-20 6.20 - 7.80 0.62 0.83 -10.0 4.15
7.38 5.25
P5
20 - 40 6.08-778 0.61 081-640 2.03
7.42 2.66
0-20 549 - 654 0.40 160-340 0.71
6.06 2.60
P6
20 - 40 576 - 696 0.47 107 -610 1.94
6.22 3.01
i _ .

mean value

*##SD — standard deviation

Dust falling on the soil caused a shift in the soil pH to the alkaline side
due to carbonates present in emitted particles. Calcium carbonate was de-
tected in samples located in the direct vicinity of the emitter (Table 1). In
soils adjacent to the cement plant, the content of CaCO5 ranged between
0.33% to 6.8% in surface sample and from 0.29% to 4.6% in subsurface sam-
ples, typically increasing in the subsequent years. The soil sampled at site
P-2 had the pH above 7.94 up to 8.52 (mean value 8.12) in the surface and
8.10 up to 8.33 (mean 8.30) in the subsurface horizon. In soils lying in the
same region but unaffected by the cement plant, pH values were in the
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range 5.0-6.2. Some previous research on soils near the Lafarge Plant in
Bielawy showed that the parent material did not contain CaCO4 (CiESLA et
al. 1994).

Much smaller changes were observed in soils located further from the
cement dust emission point (sites P2-P4 and P6). Calcium carbonate in acid
soils being under the impact of industrial emission is described as the trac-
er of the pollution lead by the cement industry (ZErrouct, SBaa 2008).

The total Mn concentrations in soils varied from 140.6 to 346.5 mg kg1
and DTPA-extractable Mn was in the range 0.81-12.07 mg kg! (Table 2).
The lowest content of DTPA-Mn was detected in site P2 with the highest
pH. A simple linear correlation analysis showed few significant correlations
between soil properties and DTPA extractable manganese. Significant corre-
lation was obtained between organic matter and DTPA-extractable manga-
nese (r = 0.4273, a = 0.05) in the studied soils. The soil organic matter
content has been associated with an increased Mn availability in numerous
experiments (MoRAGHAN, Mascacnt 1991, Mc Bripe 1989). The effect of organic
matter has been attributed to formation of complexes.

Critical levels for DTPA-extractable Mn range from 2.5 to 5.0 mg kg1
(MoraGHAN, Mascacnt 1991). Extractable Mn showed no correlation with the
pH (or exactly with the concentration of H* ions) in the examined soils.
However, such a correlation was obtained for soil sampled in the direct
vicinity of cement plant (site P2; Figure 1). A significant (» = 0.6211) statisti-
cal correlation was observed between [H+] concentration and DTPA extract-
able Mn in P2 soil (Figure 2). For this site, significant correlations between
Corg and DTPA-Mn as well as between the CaCO4 concentration and DTPA
extractable Mn (r = 0.499, r = 0575, respectively). were obtained for six
years of the observation period (Figures 3 and 4). Cement dust rich in CaCO4
acts like a liming substance and affects the plant availability of manganese
in soils from the site adjacent to the cement plant.

A negative trend in response to the alkaline contaminant was observed
in almost all the soil samples and in all the years of the study. It was the
most evident for site P2 (Figure 1).

The Mn deficit to plants arises from complex interactions of many fac-
tors and is related to soil properties, plant-specific factors and their interac-
tions at the soil-root interface (TonG et al. 1997, THoMSON et al. 2005).

Manganese deficiency may occur as a primary condition, where the soil
(and its parent material) is poor in manganese (like sandy soils), or in a
secondary form, associated with an alkaline pH of the soil. Several authors
(WEI et al. 2006, Mc BripE 1989) have found that pH has the strongest effect
on the availability of Mn. The mobility of amphoteric cations (Mn) decreases
when soil undergoes an alkaline treatment.

The two main forms of Mn is soils are soluble Mn(II) and hardly soluble
Mn(IV). In well-aerated soils, Mn occurs as Mn(II) ions in the soil solution,
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Fig. 2. Corelation between (H*) concentration and Mn-DTPA in P2 soil
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Fig. 3. Corelation between C-org. concentration and Mn-DTPA in P2 soil

Mn(II) adsorbed by organic matter and clay minerals or co-precipitates (BAr-
TLETT, JANES 1993). In calcerous soils with high soil pH, plant available Mn(II)
is oxidized to Mn(IV) ions. Moreover, NoRVELL (1988) stated that when soil
pH > 8, auto-oxidation of Mn(II) took place. Manganese oxides are very
strong oxididizing agents with oxidation potentials higher than O, itself. The
high soil pH in site P2 could have initiated the auto-oxidation process and
reduced the manganese mobility.

Mobility and bioavailability of manganese are largely governed by the
pH and redox conditions. An increase in the soil’s pH lowers the mobility of
this micronutrient due to the oxidation of soluble Mn(II) to hardly soluble
Mn(IV) which occurs at about neutral pH (NorveL 1988). Other authors (Pon-
NAMPERUNA 1986) reported that the amount of water-soluble manganese de-
creased to a tenth when the pH in soil increased from 7 to 8. The analyzed
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Fig. 4. Corelation between CaCO, content and Mn-DTPA in P2 soil

soils in the direct vicinity of the cement plant had a pH in these ranges, thus
the impact of alkalization on the Mn mobility was the most profound there.

In such alkaline soil, nitrogen fertilization with some acid forming ferti-
lizer like (NH,),SO, is recommended, as it will acidify the soil solution,
which in turn will enhance the mobility of Mn, B and Fe (DoMAGALA-
-SwiATKIEWICZ, SADY 2010). This is particularly important for crops sensitive
to Mn deficiency.

CONCLUSIONS

1. The alkalization of the soil environment by cement dust complicates
mineral nutrition due to disrupting good manganese availability in soils,
particularly ones adjacent to the source of emission.

2. Cement dust rich in CaCOg, acts like a liming substance and affects
plant availability of manganese in soils in the vicinity of a cement plant.

3. Based on the metal extractability with DTPA, it was concluded that
concentrations of plant-available manganese in cement dust affected soils
were below the recommended limits due to alkalization of soils by cement
particles.
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