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ABSTRACT 

 
In this study , we determined chemical composition of cement dust supplied 

from Soofian cement plant – situated at 30 km of NE of  Tabriz-Iran – and its 
effects on EC , pH and CEC of sandy-loam  soil , used as medium for plant 
cultivation . The levels of cement dust used in this experiment were 0,1,2 and 3 
(g) per pot that added to the soil every third day for a period 45 days . Cement 
analysis showed the presence of the following elemental oxides : SiO2 , Al2 O3 , 

Fe2O3 , CaO , MgO , SO3 , Na2O, K2O : 9.49, 2.13, 1.88, 43.72, 1.33, 2.14, 0.52 , 
8.50 percent respectively . Also , some heavy metals including Fe , Zn , Rb , Sr , 
Ni , Mn ,… Have been determined by X- Ray Fluorescence in Tabriz university 
. Cement dust addition caused increasing  EC, pH of the soil . Plant were grown 
under following conditions : light and dark period , 12 and 12 h ; temperature , 
24 – 35 ºC ; light intensity , 12500 (LUX) and relative humidity  70%. During 
treatment , plants were examined phenologicaly . Necrosis , epinasty and also 
leaf deformation as effects of cement dust were recorded for the plants of both 
cultivars treated with high levels of cement dust by the way of their aerial parts . 
In contrast, the chlorosis was observable intensively in plants treated with  
cement dust by the way of the soil. A decrease in leaf  number , length and 
diameter of stem were recorded in plants of two studied cultivars treated with 
high levels of cement dust . The decrease of fresh and dry weight (Biomass) of 
the stem for Armavirusky was highly significant (P<0.01) . When the tolerance 
of two cultivars to cement dust was compared, the obtained results clearly 
showed that Euroflor cultivar  tolerance to high levels of cement dust is better 
than Armavirusky cultivar . These results allowed us to recommend farmers to 
cultivate the Euroflor as tolerant genotype for Soofian’s region .  
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INTRODUCTION 
At the present , there are many 

research papers that show  the cement 
industry plays a vital role in the imbalances 
of environment and produces air pollution 
hazards25. The release of a considerable 
amounts of particulate matters  from 
cement factories into atmosphere and their 
precipitation on the soil of the 
neighbouring localities not only result in 
some undesirable changes in physico-
chemical properties of the soil12,24,26 but 
also can alter the metabolism of the plants , 
expressed by their perturbated growth and 
development14,23,29. Cement dust in the 
environment poses a threat to proper 
function of cultivated plants in the vicinity 
of cement factories , such as foliar injury, 
reduction in chlorophyll content and 
phytomass , number of leaves, quantitative 
and qualitative deteriorations4,6,22,24 and 
plant height, length and number of 
leaves2,12,19,20. In addition , the presence of 
heavy metals in cement dust , severely 
damage plants and decrease total 
chlorophyll content , so that they make the 
plants be incapable to have a normal 
photosynthesis5,15, also decrease the length 
of root and stem in several crop 
species3,9,18,24. Gaseous phytotoxic acidic 
types of pollutants such as SO2 , NOx , O3 
also decreases secondary metabolits in 
plants14,23,29. In spite of great attempt in this 
field , it appears that the understanding of 
deterious effects of cement dust on the 
plant, particularly crops necessitate to be 
studied from different viewpoints. The 
major goal of the present study was to 
qualify the effects of cement dust on some 
soil properties, metabolism and some 
growth aspects in  two cultivars of 
sunflower. 

MATERIAL AND METHODS 
Cement dust analysis 

In this part of study , the used cement 
dust provided from Soofian cement plant, 
located at 30 Km of NE Tabriz ( Iran ) was 
subject of X-ray analysis27 that let us 
determine its heavy metals . The presence 

and content of some metal oxids such as 
CaO , MgO , K2O , ….. were determined . 
Besides some other properties of cement 
dust such as pH , EC , CEC, soluble, 
insoluble substances and specific density 
were measured.  

Soil analysis 
To plants cultivation , a sandy- loam 

soil was chosen and some of its physico- 
chemical properties including field 
capacity, gravitational water , bulk density, 
maximum water holding capacity 
(MWHC)\, CEC were determined 
According to the methods commonly used 
in soil studies . Also , pH and EC were 
measured by a digital pH meter (Model: 
Metrohm-827) and EC meter (Model: 
Metrohm-712) , also the content of alkalin 
metals -Na+ , K+ , Ca2+ , Mg2+ - were 
measured by the flame photometery 
(Model : Sherwood–410) and 
complexometery methods respectively7,8. 

Plant culture  and  environmental 
conditions 

The seeds of two cultivars of sunflower 
– Armavirusky and Euroflor – were 
provided from Agronomic Research  
Center of East Azarbaijan ( Tabriz - Iran ) . 
A sufficient quantity of seeds having the 
same morphological traits were selected , 
sterilized with sodium hypoclorite solution 
(1% v/v) then rinsed and cultivated in 48 
plastic pots containing 2000cc soil . Each 
treatment had three replicates  for both 
cultivars . The plants were grown under 
following environmental conditions: light  
and dark periods , 12-12 h and related 
tempreture , 24-35 º C ; light intensity , 
12500 (LUX) at the top of plants and 
relative humidity 70% . Plants were treated 
with various levels of cement dust( 0,1,2,3) 
gram per pot each 3 days for a period of 45 
days . According to experiment design the 
treatments of plants with cement dust were 
executed through their aerial parts or by the 
way of soil. 

Growth  parameters study 
At the  end of experiment , the 45 days 

old plants were harvested then their leaves , 
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root and stem of the plants separated . The 
leaves number , fresh and dry weights , 
stem diameter ( mm ) ,  length of root and 
stem (cm ) were determined .  

Chemical analysis 
Prior to doing chemical analysis , plant  

material of the studied organs were dried at 
80 ºC for 72 hours then the powdered 
materials were subjected to chemical 
analysis .The content of alkalin metals – 
Na+ , K+ , Ca2+ , Mg2+  - in above 
mentioned organs  were measured by the 
flame photometery (Model : Sherwood– 
410) and complexometery methods 
respectively and also total chlorophyll 
content and which of chlorophyll a and b 
were determined by spectrophotometery at 
663 and 645 (nm) using N,N- dimethyl  
formamid as solvent system21. 

Statistical analysis 
The statistical analysis of data was 

performed using Microsoft Excel and SPSS 
(ver 11.5). The means were compared 
according to the ANOVA and Duncan’s 
multiple test at ( p < 0.01) . 

RESULTS AND DISCUSSION 
Cement dust analysis 

The results of  cement dust analysis 
concerning some of its physico-chemical 
properties as mentioned previously in 
material and methods section is presented 
in Table. 1,2,3.The data reported in  
Table 1 and Table 2  showed that the 

cement dust samples for analysis contain 
metal oxids and some heavy metals with 
relative dominance of iron (Fe ) .The 
presence of  certain alkalin metals is origin 
of high pH and EC of cement dust solution. 
Note that the amount of non-soluble 
substances  as compared with which of 
soluble ones was high (Table 3). 
Consequently, adding cement dust to the 
soil can increase soil pH significantly as 
reported in Table 6.  

Soil  analysis 
 Before and after treatment of the soil 

with various levels of cement dust 
including (0, 11, 22, 33) gram per pot , it 
was analyzed from different viewpoints. 
The results of the analysis are reported in 
Table 4. 

Data related to chemical analysis of pot 
soils  without plants are presented in  
Table 5 and Table 6. At the same time, 
according to the experiment design,these 
amounts  of cement dust have been added 
to the soils having a plant per pot for a 
period of 45 days . At the end of the 
experiment after harvesting plants , EC and 
pH of the soil was determined. The 
obtained data showed that with increasing 
of added cement dust levels in the soils , its 
pH , decreases inversely . The decrease of 
pH of the soils receiving high levels of 
cement dust was highly significant (p< 
0.01) (Fig. 1 - A) .  The decrease of soil pH  
could be as a consequence of an active 
excretion of H+  from root system . Such 
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Fig. 1 :  Means variation of  pH (A ) and EC (B ) in the soils treated with different levels of 
cement dust 
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H+ excretion activity of root was 
previously reported in sunflower by 
Alcantara (1990) . Contarary to the 
decrease of soil pH , EC of the soils 
showed an increase which was highly 

significant in the soils treated with high 
levels of cement dust (Fig.1-B). This 
increase of EC could be interpreted as 
effect of high concentration of soluble 
metal oxides and their dissociation. 

Table 3 : Some physico-chemical properties of cement dust 

Cement dust     
insoluble  
substances 

soluble  
subestances density EC ( ms.cm-1) CEC pH 

a 0.86 0.14 b 0.64 c 17.76 0 11.59 

a , b : gram per gram of cement dust 
c:  g . cm-3  of cement dust 
 

Table 4 : Some physico-chemical properties of the soil 

A- Physical properties 

Type Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

texture Density 
(g/cm3) 

GW a 
(%v/v) 

F.C b 
(%v/v) 

MWHC c 
(%v/v) 

Neutral 74.69 12.32 12.99 Sandy-
Loam 1.66 2.56 32.26 34.83 

      Table 1 : List of heavy metals in          Table 2 : Results of chemical analysis 
                        cement dust        of cement dust 

XRF[1] 
LiF 110[3] 

XRF[1] 
LiF 100[2] 

 Elemental  
Oxides 

Concentration  
(% w/w) 

Fea 
Zn 
Rb 
Sr 
Ni 
Mn 
Kr 
Br 
Cr 
Cd 
Pb 
Hg 
Pt 
Au 
Ub 

Fea 
Zn 
Rb 
Sr 
Ni 
Mn 
Cu 
Kr 
Br 
Cr 
Cd 
Se 
Co 
Mo 
Ag 

 SiO2 
Al2O3 
Fe2O3 
CaO 
MgO 
Na2O 
K2O 

9.49 
2.13 
1.88 

43.72 
1.33 
0.52 
8.5 

a : High concentration,  
b : lack of element         
   : X-Ray Fluorescence                                                 
2 : Fluoride Lithium crystal with 100 (mm) plate 
3 : Fluoride Lithium crystal with 110 (mm) plate 
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B- Chemical properties 
content of alkaline cations 
(mg.100-1 g soil) CEC 

(meq) 
EC 
(ms.cm-1) 

pH 
K Na Mg Ca 
1.6 5.6 9.6 36 23.8 0.220 7 

a : Gravitational Water 
b : Field Capacity 
c : Maximum Water Holding Capacity 
 

Table 5 : Content of elements and related oxids in the soils  treated with different 
levels of cement dust 

K K2O Na Na2O Mg MgO Ca CaO Fe Fe2O3 Al Al2O3 Si SiO2 Cement 
dust (g) 

0.78 0.94 0.04 0.06 0.09 0.15 3.44 4.81 0.15 0.21 0.12 0.23 0.49 1.04 11 
1.55 1.87 0.08 0.11 0.17 0.29 6.87 9.62 0.29 0.41 0.25 0.47 0.98 0.98 22 
2.33 2.81 0.13 0.17 0.26 0.44 10.3 14.42 0.43 0.62 0.37 0.70 1.46 1.46 33 

 
Table 6 : Some chemical  properties of non-treated and treated soils with different 

levels of cement dust 
content of alkalin cations 
(mg.100-1 g soil) CEC 

(meq) 
EC 
(ms.cm -1) pH Cement dust 

(g) K Na Mg Ca 
1.6 5.6 9.6 36 23.8 0.220 7 0 
4.3 6.1 7.2 32 22.8 0.252 7.52 11 
13 8.5 19.2 28 17.6 0.275 7.79 22 
33 11.7 16.8 40 23 0.478 7.81 33 
 
Morphological studies 

Plant treated with high levels of 
cement dust by the way of their aerial parts 
or by the soil showed symptoms such as 
chlorosis and necrosis as signs of stress 
conditions for both cultivars (Fig. 2 and 
Fig. 3). The apparition of chlorosis in 
leaves of the plants receiving high levels of 
cement dust by the way of the soil could be 
considered as effect of substituation of Mg 
in chlorophyll molecule by the one of 
heavy metals such as (mercury, copper, 
cadmium , nickel , zink , lead ) or resulted 
from high concentration of Ca2+ 10 ,  and K+ 

16   ions  existing in cement dust that causes 
inhibition of Mg uptake . Besides of 
chlorosis and necrosis , it was observed 
some morphological anomalous in leaf 
form as compared with which of non-
stressed plants (Fig. 4). This phenomenon 
is coincided with leaf epinasty (Fig. 5). 

Epinasty apparation in  both old and young 
leaves of the plants receiving high levels of 
cement dust by their aerial parts   might be 
as effect of hypoxia condition in the soil 13, 
produced by the formation a relatively hard 
layer in soil surface that make difficult air 
penetration or air exchange between the 
soil and atmosphere. As reported 
previously , a such condition enhances 
ethylene production in plants which  results 
in leaf epinasty.  

Growth study 
The results concerning plant growth 

parameters which were affected by cement 
dust, including plant height, root length, 
fresh and dry weight of shoot (biomass) 
and total chlorophyll content  of leaves 
have undergone some significant changes. 
The same changes were reported for some 
crops studied by several researchers. 
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The difference between plant height 
means concerning Armavirusky in both 
ways of treatment ,was highly significant 
when compared with which of  
corresponding control plants , while the 
difference of means of plants related to 
Euroflor , were non-significant (Fig. 6-A). 
Root system length in Armavirusky plants 
in spite of difference with which of control 
plants in both ways of treatment wasn’t 
significant  but in Euroflor the decrease of  
root length of plants treated with 3 (g) of 
cement dust by the way  of areial parts was 
significant ( p < 0.01)  (Fig. 6-B) . Such a 
change in root and shoot length of plants 
treated with cement dust were previously 
reported by Mandre (1999, 2002) and 
could be interpreted as result of low apical 
meristem activity , chlorophyll content 
decrease which leads to the decrease 
phytomass content11 . Also the presence of 
heavy metals in cement dust and their 
uptake by the plants ,could block some key 
enzymes activity of glutamine synthetase 
and glotamat synthetase which take part in 
nitrogen assimilation17 .  

In Armavirusky Plants, a significant 
decrease in fresh weight of stem related to 
different cement dust treatments of plants 
was observed . Whereas in Euroflor  plants 

such a decrease in stem fresh weight 
wasn’t significant (Fig. 6-C). Also dry 
weight of the stem of Armavirusky plants 
showed a highly significant decrease when 
treated with high levels of cement dust 
through soil and aerial parts of plants, 
whereas in Euroflor  plants , dry  weight of 
stem showed a non-significant increase in 
plants treated with 1 and 2 (g ) of cement 
dust by the soil as compared with control 
plants 
(Fig. 6-D). The decrease of biomass might 
be resulted from the decrease of 
chlorophyll content , originated from 
damage of photosystem II , and the 
decrease of nitrogen and phosphorus 
uptake that could be resulted from the 
presence of heavy metals in cement dust 
and their harmful effects on photosynthetic 
apparatus  function and nitrogen 
assimilation that ultimately leads to lower 
protein synthsis 28.  

Reffering to the data concerning total 
chlorophyll content and its decrease with 
increasing cement dust levels  (Fig .6-E), 
not only could justify the apparation of 
necrotic and chlorotic state of leaves, but 
also interpreted as a consequence of 
perturbated nitrogen assimilation 

 

   
         Fig. 2 : Chlorosis         Fig. 3 : Necrosis 
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               Fig. 4 : Leaves deformation          Fig.5 : Epinasty 

 
CONCLUSION 

Cement dust , in reason of its physico- 
chemical properties, could be considered as 
a major air pollutant in the locality where 
cement plants are installed and also in the 
areas situated in their vicinity. The 
presence of high quantity of alkalin and 
heavy metals in cement dust can affect not 
only soil structur and textur in 
neighbouring localities  but also injuries 
the life of organisms specially human life 
directly or indirectly. Finaly , the 
precipitation of particulate  matters of 
cement dust on the aerial parts of plants 
and soil modify some properties of 
polluated soils such as pH , EC , alkalin 
and heavy metals content ,consequently 
injuries plant organs , especially in leaves 
causes appearance of necrosis and 
chlorosis and decrease growth rate by 
alteration photosynthetic apparatus activity 
that reported in previous section of the 
present paper that let us present Euroflor as 
a tolerant genotype with regard to 
Armavirusky with this respect. 

 

RECOMMENDATIONS 
Undoubtedly, cement  dust as a major 

air  pollutant is dangerous  for life of 
organisms, particularly human health in the 
areas situated in the vicinity of cement 
plants .  

In spite of its harmful effects on soil 
and plants reported in some review papers , 
in some cases it can be  used for pH 
improvement   in acidic soils and also in 
reason of its relatively high content of K+ , 
Ca2+ and Mg2+, it could be used as 
fertilizer. To use it as fertilizer , it must 
have some information about nutritional 
needs of the cultivated crops , structure and 
texture of the soil . Based on our data , it 
apprears that the Euroflor is a relatively 
tolerant genotype for cultivation in Soofian 
region. 
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