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Abstract 

Globally, the cement industry has been identified as a factor which causes significant pollution. This study is conducted 
to assess environmental impacts of cement industry - Rabak Cement Factory on vegetation and soil. Standard methods 
were followed in collecting, preparation and examination of some plant and soil samples from the study areas. The 
results showed that, the mean values of soil pH, electric conductivity and moisture contents, were (7.58, 449.38 µs/cm, 
4.56%), respectively in the exposed area, and (7.28, 343.63 µs/cm, 4.31%) in the unexposed area. There were 
significance differences between exposed and unexposed areas with regard to concentrations of oxides of elements 
(Fe2O3, CaO, MgO, Mn2O, Na2O and K2O) in soil and in different vegetables (Radish, Jews mallow, Fennel, Rocket) in the 
study area. The factory management should further provide the latest technologies to reduce industrial emissions to 
protect the environment and population living around the factory. Further studies are needed to investigate the impacts 
of cement industry on environment. 
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1. Introduction

Cement industry caused environmental impacts at all stages of the process in the area. These include emissions of 
airborne pollution in the form of dust, gases, noise and vibration when operating machinery and during blasting in 
quarries, and damage to the countryside from quarrying [1, 2]. Generally cement plants are known to be associated with 
exposure to quartz, cement, and dust, which can potentially contribute to Chronic Bronchitis, Silicosis and lung diseases. 

The impacts of cement industry are countless and it even did not spare humans from its deteriorating impacts and have 
adversely impacted the health of workers. Exposure to cement pollution has been linked to a number of different health 
outcomes, starting from modest transient changes in the respiratory tract and impaired pulmonary function, passing to 
restricted activity or reduced performance, emergency room visits, hospital admissions and death [3, 4, 5].  

A great deal of attention has focused on particulate matter pollution, due to their severe health effects, especially fine 
particles. Particulate matter pollution in the atmosphere primarily consists of micron and sub-micron particles from 
anthropogenic and natural sources. The characterization of fine particles has become an important priority of 
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regulators, and researchers due to their potential impact on health, climate, global warming, and long- range transport 
[6]. 

Environment is a major issue, which confronts industry and business in today’s world on a daily basis. Different 
industrial activities are degrading various environmental components like water, air, soil and vegetation [7, 8]. At a local 
level the environmental impacts of cement production relate to ‘nuisance’ issues mainly through emissions of dust, noise 
and/or vibration as well as visual impact which, may be compounded by local quarrying operations and traffic 
movements associated with transport of raw materials, fuel and product.  

In Rabak city residential area neighborhoods close to cement plant are constantly exposed to cement manufacturing 
dust and fumes. This study aims to evaluate environmental impacts of the cement industry in the Rabak city, on soil and 
plants. 

2. Material and methods 

2.1. Study area 

Rabak Cement Factory is located in Rabak city and it was established in 1967 with a capacity of 350 tons per day. The 
factory occupies an area at a distance of 8.2 km from Rabak City, 300 km south of Khartoum, the capital of the Sudan. 

2.2. Soil and vegetation samples collection  

Soil and plant samples were collected from two agricultural areas: near the factory (about 1.5 -5 km of the factory), to 
determine the concentrations of oxides of elements: ferrous oxide (Fe2O3), calcium oxide (CaO), magnesium oxide 
(MgO), sodium oxide (Na2O), potassium oxide (K2O), manganese (Mn2O) in the plant samples (using Atomic Absorption 
Spectrophotometer), in addition to pH (using a digital pH-meter), moisture (calculated from the difference between wet 
and oven-dry samples), ash (using oven at 450 oC) and electrical conductivity (using conductivity meter) were 
determined in soil samples according to the methods described by Ryan [9]. 

Selected soil samples were collected using random sampling techniques from the chosen locations from depths ranged 
between (surface to 60 cm) according to the methods described by Page [10].  

2.3. Soil Samples Preparation  

Soil samples were stored in plastic bags. Soil samples were air-dried and gently crushed and sieved through a 2 mm 
sieve and stored for chemical analysis according to the methods described by MPCA [11]. 

2.4. Plant Tissue Samples Preparation  

After planting samples were collected, roots and foreign materials attached to the samples were removed and discarded. 
The samples were weighed and air-dried in the sun for one to two days to avoid mold formation.  

2.5. Data analysis and processing 

Statistical analysis was carried out with the Statistical Package for Social Sciences (SPSS) version 21 for windows and 
Microsoft Excel 7. One-way analysis of variance (ANOVA) was used to determine whether there was a significant 
difference in the parameters measured at various locations [12]. 

3. Results and discussion 

3.1. Soil composition in exposed and unexposed areas 

The results indicate that there was a high significant difference (P=0.05) respectively between exposed and unexposed 
areas in pH (7.58 and 7.28), soil electrical conductivity (449.38 and 343.63) and moisture content (4.56 and 4.31) at 
different depths of the soil, but there was no significance differences in ash content (4.06 and 2.65) between exposed 
and unexposed areas (Table, 1). 

Cement dust has been shown to adversely affect the soil ecological communities. Soil surrounding cement factories, 
especially downward areas, exhibit elevated pH levels. The soil compositions usually affect vegetative growth [13]. The 
soil chemical properties are very important parameters in monitoring environmental pollution.  
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The results showed that the soil is moderately alkaline in an exposed area, as was suggested by Page [10] who leveled 
moderately alkaline at the pH range of (7.5- 8.5). Soil pH is important because it influences the availability and plant 
uptake of micronutrients including heavy metals [14]. 

Conductivity showed the concentration of electrolyte in the soil. Zerrougi [1] reported that in order to detect the impact 
of cement dust on the upper 3 cm layer of soil, the electric conductivity should be measured. In other study, the level of 
soil EC around cement factory was found comparatively highest. This is due to the significant amount of cement dust 
added into the soil surface. Based on the results, level of soil conductivity was found to increase considerably under 
the influence of cement dust [15]. 

Table 1 pH in different depths in exposed and unexposed areas 

Depths/cm 0 – 0 0 - 10 10 - 30 30 - 60 Mean 

Soil pH Exposed 7.50 7.49 7.56 7.77 7.58 

Unexposed 7.12 7.28 7.29 7.43 7.28 

Soil EC (µs/cm) Exposed 320.25 738.75 122.25 385.25 449.38 

Unexposed 341 324.25 284 425.25 343.63 

Moisture content Exposed 5.38 3.69 3.69 5.50 4.56 

Unexposed 4.39 4.08 3.56 5.19 4.31 

Ash content Exposed 4.31 4.10 3.87 3.96 4.06 

Unexposed 2.12 2.36 2.53 3.30 2.65 

 

The concentration (%) of some oxides of elements (Fe2O3,CaO, MgO, Mn2O, Na2O and K2O) at different depths around 
the factory (exposed area) are shown in Table (2) indicated that there were significant difference (P <0.01) in their 
concentrations. The results also show the presence of these oxides even in the surface soil. The detected high mean 
concentration was that of MgO (72.09%) while the least mean concentration was of Fe2O3 (0.77%). 

Table 2 Concentrations (%) of some oxides of elements in different soil depths in exposed area 

Depths/cm 0 - 0 0 - 10 10 - 30 30 – 60 Mean 

Fe2O3  1.6 0.17 0.40 0.86 0.77 

CaO 76.92 68.86 66.90 62.43 68.77 

MgO 74.37 77.06 73.41 63.54 72.09 

Mn2O 0.20 0.36 0.11 0.102 0.193 

Na2O 21.21 16.2 22.75 42.08 25.56 

K2O 2.92 2.06 1.50 1.66 2.04 

Total 28.24 

Cal.F-value =**104.78; CV = 23.5%; SE ± = 4.24 

Concentrations of some oxides of elements found at different depths of soil samples taken from area far from the factory 
(unexposed area) were presented in Table (3). The result indicates that there was a high significant difference at 
(P<0.01) in concentrations of all element oxides at different depths. The mean concentration of MgO is higher in the 
exposed area (72.09%) compared to unexposed area (59.66%). The results also showed that the mean concentration of 
Fe2O3 was less in exposed areas (0.77%) with comparison to unexposed area (3.83%).  

The study found that there was a slight variation in means of concentration of these oxides in the two areas. The slightly 
higher concentrations of oxides of elements in unexposed area may be as the result of the normal presence of these 
oxides of elements in that soil. The overall results indicate that all above factors had played an important role behind 
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the slightly higher concentration of some oxides of element deposits in soil and vegetation in the unexposed area than 
the exposed area. 

Table 3 Concentrations of some oxides of elements in different soil depths in unexposed area 

Depths/cm 0 - 0 0 - 10 10 - 30 30 - 60 Mean 

Fe2O3  4.35 4.20 4.61 2.17 3.83 

CaO 79.04 56.80 69.65 65.37 67.72 

Mg O 37.75 76.50 60.33 64.06 59.66 

Mn2 O 4.60 6.24 3.91 4.74 4.87 

Na2O 29.73 27.33 51.27 79.15 46.87 

K2 O 4.49 3.21 2.72 2.46 3.22 

Cal.F-value = 23.85**; CV = 40.1%; SE ± = 8.8 

3.2. Effect of dust exposure on plant chemistry 

The concentrations of some oxides of elements in vegetables grown in exposed areas around the factory were shown in 
Table (4). The results revealed that the highest mean concentration of MgO (549.08%) was found in all vegetables, 
including Radish, Jews mallow, Fennel and Rocket, and the least concentration was of Mn2O (2.15%). The statistical 
analysis showed that there was a highly (P= 0.01) significant abundance of such oxides in different vegetables grown in 
exposed area around the factory. 

The obtained results agrees with TRF [16] who found that, exposure to cement dust for a short period may not cause 
serious problems, however prolonged exposure can cause serious irreversible damage to plants and animals. Cement 
dust of sufficient quantities have been reported to dissolve leaf tissues. Seker and Ozaytekin [17] found that, the 
increase of K+ is attributed to cement dust pollution. Similar finding reported that cement dust  improved potassium 
content in soil and tend to remain higher than other cations.  

Table 4 Concentration of some oxides of elements in different vegetables exposed to cement dust in Rabak city 

Elements oxide Radish Jews mallow Fennel Rocket Mean 

Fe2O3  40.0 44.39 47.44 41.37 43.3 

CaO 594.9 211.80 139.20 607.52 388.35 

Mg O 719.7 467.36 343.74 665.54 549.08 

Mn2 O 2.04 1.6 2.36 2.60 2.15 

Na2O 513.40 134.94 510.37 269.26 356.99 

K2 O 275.07 281.83 608.25 652.92 454.52 

Cal.F- value = 7.17**; CV = 56 %; SE ± = 55.8 

The mean concentration of MgO (809.45%) was found to be the highest in all vegetables among other oxides of the 
elements followed by Na2O (356.99%), K2O (501.03%) CaO (245.41%), Fe2O3 (37.26%) and the least was Mn2O (4.95%). 
Generally, the results obtained from the exposed and unexposed areas indicate that the concentration of all oxides of 
elements in exposed areas was significantly higher than that obtained from the unexposed area (p< 0.05). However, 
due to deposition of cement dust on the soil near the cement plants, this caused a change in soil pH to the alkaline 
side. Cement dust contains CaCO3, resulting in alkalinity when it comes in contact with soil [18, 19].  

The overall results indicate that there was a significant deposit of oxides of elements in vegetables grown in exposed 
area due to cement dust from the factory. The results also indicate that oxides of elements in vegetables grown in an 
unexposed area might highlight the idea that, these elements’ oxides were naturally present in the unexposed area. 
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Table 5 Concentration of some oxides of elements in different vegetables unexposed to cement dust in Rabak city 

Elements oxides Radish Jews mallow Fennel Rocket Mean 

Fe2O3  28.72 33.95 43.25 43.13 37.26 

CaO 11.68 111.68 130.34 627.92 245.41 

Mg O 1492.98 692.46 177.09 876.24 809.42 

Mn2 O .039 3.17 1.19 14.49 4.95 

Na2O 1612.02 165.80 503.20 853.51 783.63 

K2 O 281.77 645.28 347.02 730.03 501.03 

Total 396.99 

Cal.F- value = 3.85*; CV = 91%; SE = ±62.30 

4. Conclusion 

 There was a high significant difference between exposed and unexposed areas in pH, soil electrical conductivity 

and moisture content at different depths of the soil. 

 There was no significance difference in ash content between exposed and unexposed areas in soil. 

 There was a significant difference in concentrations of all element oxides at different depths of soil.  

 There was a significant deposit of oxides of elements in vegetables grown in exposed and unexposed area. 
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