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ABSTRACT
Forty soil samples from 15 cm. depth were collected during Nov. 2009 from the surroundings of Hirmi
cement plant, Raipur district (India). Chemical analysis of these samples indicated that due to effect
of cement dust pollution the soil properties like pH, electrical conductivity, calcium carbonate content
increased significantly. Similarly the content of potassium, calcium and magnesium increased in the
vicinity of the cement plant. The cation exchange capacity of the soil also increased from 40.5 to 50.2
meq 100 g-1soil at 5000 m and 50 m distance respectively. The content of heavy metal like lead and
cadmium increased from 2.08 and 0.030 mg kg-1 at 5000 m to 3.63 and 0.055 mg kg-1 soil at 50 m distance
respectively. On the other hand the phosphorus content significantly decreases from 17.1 kg ha-1 at
5000 m to 11.3 kg ha-1 at 50 m distance. Whereas the content of other major and micronutrients like
nitrogen, copper, zinc, iron, manganese and boron observed decreasing trend but the results were
statistically non significant. Increasing effect of cement dust was found significant up to a distance
of 1000 m in case of soil pH, electrical conductivity, CaCO3 content, cation exchange capacity of soil,
content of potassium, calcium, magnesium and accumulation of lead and cadmium in soil. The effect
further extended up to 2000 m in case of CaCO3, potassium, calcium, magnesium, lead and cadmium
content. On the other hand the effect in terms of decrease was significant up to 1000m in case of
available phosphorus content in soil.
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INTRODUCTION
Pollutants released from industries are one of the
major sources of environmental pollution. The
cement dust, produced by cement manufacturing
units is considered one of the most hazardous
pollutants which effect the surrounding
environment. Kim and Kang1 found lungs
deposition of inhaled fine particulates. Cement
dust is a mixture of oxides of Ca, K, Al, Si and Na
etc. These particles or dusts are very numerous
and varied. This diversity is assigned to the
different sources of broadcast (Laj and Sellegri)2.
The particles can enter into soil as dry, humid or
occult deposits and can undermine its physico-
chemical properties. The deposit of the particles
is complex and it is controlled by the atmospheric
stability, the roughness of the surfaces as well as
the diameter of the particles3. The main visible
pollution generated by the cement industry

corresponds to the dusts. Indeed, the dusts can
be emitted at every stage of the manufacturing
process of the cement: extraction of the raw
material, crushing, production etc. Cement dust
changes elemental concentration of soil4 and also
changes its physicochemical properties. The
cement industry also plays a vital role in the
imbalances of the environment and produces air
pollution hazards, It was well documented by
Asubiojo et al.5 and Ade-Ademilua and
Umebese.6

Variation in elemental concentration due to dust
pollution in the adjoining areas of cement plant
and the effect on soil properties, the present study
were undertaken.

MATERIAL   AND  METHODS
Collection of samples
50 soil samples according to the norm AFNOR
X31B.7 were collected from the upper 15 cm layer
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Soil pH Soil pH was determined by glass electrode
pH meter in 1:2 soil water suspensions 9

Electrical conductivity Electrical conductivity was measured in the
supernatant liquid of 1:2 soil water suspen-
sions by conductivity meter10

CaCO3 Analysis of soil calcium carbonate content
was done using rapid titration method.

Organic carbon Rapid titration method11

                      Nutrient analysis :

Major nutrients N, P, K

Nitrogen Kjeldahl distillation principle applying for repid
estimation12 by KELPLUS Unit.

Phosphorus Olsen’s methods13

Potassium  Ammonium acetate methods14

Secondary nutrients Ca, Mg, S

Calcium and magnissium EDTA titration method15,16

Sulphur CaCl2  extractable – S by turbidimetric
method17

Micronutrients Zn, Cu, Fe, Mn18

Heavy metals Pb , Cd

Micro nutrient and heavy metals DTPA extraction method19 with the help of
Atomic Absorption Spectrophotometer.

Table 1 : Physicochemical properties

at the interval of 500m distance from the cement
plant from all directions, in the month of Nov.2009.
Beside this 2 sample each from the four directions
was collected at 10 km distance as ideal
samplesThe samples collected from the upper 15

cm layer of the soil were dried in 100 °C oven
during 24 h and sifted to a fraction lower than 2
mm8,  then analyzed for physico chemical
properties, nutrients and heavy metal contents
(Table 1).

RESULTS  AND  DISCUSSION
The chemical composition analysis showed that
the raw materials of the cement are essentially
limestone (80%) and clay (20%). The dusts with
their elevated pH9.2 form a very basic
substratum. Besides, the dusts are characterized

by an elevated salinity (1912  S).Otherwise, they
are poorer in the oxides of aluminium (Al2O3),
iron (FeO3), potassium (K2O), magnesium(MgO),
sulfur (SO3) and the silica (SiO2)

4.
The soil texture varied from sandy loam (sl) to
clay (c). The chemical analysis showed that there
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was significant effect of cement dust on
physicochemical properties and nutrient content
of soil, specifically soil pH varied from 6.73 to
7.70 (Av.7.20), indicating the soils surrounding the
cement plant were alkaline in reaction as Shive
kumar20. The soil pH was 6.34 at 10 km. Distance

which increased gradually to 6.73 at 5 km. and it
was 7.70 at 500 and 50 m. distance  (Fig. 1).
There was significant increase in the soil pH up
to the distance of 1 km from the cement plant.
These results are in agreement with those of
Haynes and Kramer (1992)21.

Fig. 1 : Effect of cement dut on soil pH

Similarly the electrical conductivity increased from
0.14 at 5000 m to 0.44 at 50 m distance from the
cement plant indicating the effect on soluble salts
content of the soil. The statistically significant
effect existed up to 1 km overall the soils were
low in the soluble salt content (Fig. 2). Decreasing
trend was observed on the organic carbon content
but the effect observed, were statistically non
significant, the organic carbon content decreased
from 4.53 to 3.95 g kg-1 soil at 5000 m and 50m
distance respectively, (Fig. 3). The CaCO3
content in soil increased significantly due to the
cement dust from 17.5 at 5000m to 57.5 (g kg-1)
at 50m distance, the effect on CaCO3 content
existed up to 3500m (Fig. 4). The results were
obvious as the main constituent of cement is lime.
These results are in agreement with those reported
by Morghom L.O.22 The cation exchange
capacity of soil was found to increase significantly
from 40.5 to 50.2 me 100 g-1 soil at 5000 and 50m
distance, respectively (Fig. 5). The increasing
effect was observed up to 1500m.
The organic carbon and available N content in
soil are interdependent and correlate with each
other, positively, thus similar to the effect of cement
dust on organic carbon being non significant the
available nitrogen content in soil was also not

influenced, significantly, though decreasing trend
was observed as 275.3 at 5000m to 178.8 kg ha-

N at 50m distance (Fig. 6) . Similar trend was
observed with the available S content, where the
content of S decreased from 14.0 to 10.0 mg
kg-1 soil but the data varied, none significantly.
The content of phosphorus decrease significantly
from 17.1 kg ha-1 at 5000m to 11.3 kg ha-1 at 50m
(Fig. 7). Similar results were observed by smith
and Campbell23who found a significant decrease
in soluble reactive phosphorus concentration. On
the other hand the content of K, Ca and Mg
increased significantly due to cement dust
pollution. The available K content at 5000m was
226.5 kg ha-1 increased significantly to 442.9 at
50m distance (Fig. 8) significant increasing effect
on potassium content was observed up to 3 km.
The calcium and magnesium content were
13.0m, 100 g-1  and 3.8 me 100 g-1 soil at 5000m
increased  to 21.9m, 100 g-1 and 11.5m 100-1 at
50 m distance (Fig. 9 and Fig. 10). The effects
were significant up to 1 km incase of calcium and
up to 2 km incase of Mg .The increase in these
cations (Ca+2, K+ and Mg+) may have contributed
to the increased cation exchange capacity of the
soil. These results are in agreement with Seeker
and Ozaytekin24, who suggested that cement dust
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Fig. 4 : Effect on cement plant  dust on CaCO3 content

cause increase in potassium content and it
remains higher than P and Mg in the affected soil.
The effect of cement dust pollution on the available
micronutrient in soil, namely Zn, Cu, Fe, Mn and
B were statistically no significant though,
decreasing trends were observed cement dust
increased the lead and cadmium content in soil,

significantly. The lead content increased from 2.08
mg kg-1 at 5000 m to 3.63 mg kg-1 at 50 m and the
cadmium content from 0.030 mg kg-1 at 5000m to
0.055 mg kg-1 at 50 m distance (Fig.11 and Fig. 12).
Similar results were found by Guo,Q. Eckert, et
al.25,26 The effects were significant up to 1 km
distance both incase of lead and cadmium.

Fig. 2 : Effect of cement on electrical conductivity

Fig. 3 : Effect ofcement plant  dust on OC content of soil
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Fig. 6 : Effect on cement plant  dust on nitrogen content of soil

Fig. 7 :  Effect on cement plant  dust on P content

Fig. 5 : Effect on cement plant  dust on Pb content
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Fig. 8 : Effect on cement plant  dust on K content
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CONCLUSION
Due to the deposition of cement klin dust emerging
out of the cement plant, in the surrounding of the
cement plant effected the concentration of various
plant nutrients content and accumulation of heavy
metals in soil. It also affected the physico chemical
properties of the soil. The accumulation of heavy
metals may be hazardous to the soil, plant, animal
and human health. Overall the significant effects

Fig. 11 :  Effect of cement plant  dust on Cd content

were concentrated within the distance of 1 km
from the cement plant.
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Fig. 9 : Effect on cement plant  dust on Ca content

Fig. 10 : Effect on cement plant  dust on Mg content
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