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ABSTRACT 

       Many researchers worldwide have suggested the use of cement kiln dust (CKD) as a soil amendment 

and a source of nutrients to enhance crop performance. Pot experiment was accomplished in the 

greenhouse of Soil Science Department, Faculty of Agriculture, Minia University, to investigate impacts 

of white and black CKDs applied at six rates (0, 4, 8, 12, 16, and 20 g kg
-1

) to sandy loam soil on some 

soil chemical and biological properties and maize growth and quality parameters. Treated soils with either 

white CKD or black CKD were very slightly saline; moderately alkaline; and still in a safe lead, nickel, 

and cadmium levels. Soil amendment by increasing white CKD rate from 0.0 up to 16 g kg
-1

 increased 

microbial biomass C and N and enzyme activity of arginase and β-glucosidase. The highest values of 

plant height, fresh and dry weight of maize plants, and water use productivity by maize plants were 

recorded with 16 g kg
-1 

of white CKD. There was no distinct accumulation of lead, nickel, and cadmium 

in the maize shoots. It is applicable to use white CKD only at the application rate of 16 g kg
-1

 (16 Mg 

feddan
-1

) for crops grown in sandy soils under conditions of El-Minia Governorate, Egypt. 

Keywords: White, Black CKDs, Health Risk Assessment, Microbial biomass. 

 Introduction 

   Cement industry is an important industry all over the world, but it is one of the polluting industries 

in the environment. As a large manufacturing industry, cement kiln dust (CKD), a by-product dust, is 

generated in large quantities during the manufacture of the cement. It has been used in many different 

economical and beneficial applications in different parts of the world. Its pollution has been found to be a 

problem around cement factories. It may contain hazardous compounds that poses harmful effects to 

human, animals, plants, and environment. Therefore, cement kiln dust should be properly managed to 

avoid its harmful effects on humans, animals, and plants. The disposal of CKD is very difficult and 

causes an environmental hazard. In order to minimize the undesirable environmental impacts of CKD, 

several researches have been performed to study the beneficial commercial uses of CKD (Kunal et al. 

2012; Elbaz et al. 2019). 
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Elbaz et al. (2019) indicated that the production of one ton of cement generates around 0.06-0.07 ton 

of CKD. Global cement production is expected to increase from 3.27 billion metric tons in 2010 to 4.83 

billion metric tons in 2030; with approximately 220 million tons of cement dust is discarded annually 

from these cement manufacturing facilities.  

   Naik et al. (2003) reported that the principal constituents of CKD were compounds of lime, silica, 

alumina, and iron. In addition, Kunal et al. (2012) showed that cement kiln dust was a fine powdery 

material of grey to can in color, relatively uniform in size, and similar in appearance to Portland cement. 

Moreover, Mandal and Voutchkov (2011) reported that the fine particles of dust can be inhaled along 

with air and in course of time cause respiratory problems in people living near and working in the factory. 

Hence, analyzing and characterizing of the constituents of dust are very important from a health point of 

view. 

Application of the cement kiln dust improves the sandy soil properties so as to provide suitable 

conditions for the plant growth. The agriculture use of the cement kiln dust is a useful management 

practice as it is a soil conditioner and a source of nutrients to increase the crop yield. 

In many parts of the world, many researchers have suggested the use of CKD as a soil amendment 

and a source of nutrients necessary for the growth and development of plants to enhance the crop yield 

because of the high lime content and potassium concentration in the CKD (Adaska and Taubert, 2008 

and Rahman et al., 2011). In addition, Daous (2002) reported that enriched levels of soluble potassium 

sulfates in alkali rich cement kiln dust (CKD) makes such dust a promising raw material for the extraction 

of potash or its soluble salts.  

Soil is an important component of the environment and it must be managed properly to conserve its 

quality for plants, animals, and humans. Soil may become saline as a result of land use. Soil pH is an 

important indication of the soil chemical status. Heavy metals in soils are one of the main sources of 

environmental pollution. Heavy metals are environmental pollutants due to their toxic effects on plants, 

animals, and human health. Soil contamination by heavy metals results from anthropogenic and natural 

activities. Consequently, it is important to assess and monitor the levels of heavy metals in the 

environment due to the anthropogenic activities (Abd El-Azeim et al., 2016; Abo Shelbaya et al., 2021).  

Soil is a crucial component of rural and urban environments Mehlenbacher (2002) found that the 

three CKD amendments elevated the soil EC to a range of 7.08, and in both places land management is 

the key to soil quality (USDA, 2000). Dollhopf and to 16.63 dS/m for the 12% amendment application 

rate. Scianna (2002) pointed out that soil pH is an important soil measure even though it does not directly 

measure saltiness. A main implication of changing the soil pH is plant nutrient availability, which is often 

a secondary response to microbial activity levels responding to changing soil pH. As soil pH climbs, 

elements such as iron, manganese, zinc, copper, cobalt, phosphorus, and boron become limiting (Abd El-

Azeim et al., 2016; Abo Shelbaya et al., 2021). 

From the view point of this concern, the main objectives of this study were: (1) to characterize and 

assess the possibility of using the white and black CKDs for the agricultural purposes in a safe manner as 

a soil amendment and a fertilizer material and (2) to investigate the impact of the white and black CKDs 

on some soil chemical and biological properties (soil health), maize growth (maize health), and chemical 

constituents of the maize plants.  

. MATERIALS AND METHODS 

The current study was carried out in the greenhouse of Soil Science Department, Faculty of 

Agriculture, Minia University, El-Minia Governorate, Egypt.   



 

27 
 

Collection and preparation of the studied soil 

            The soil used in the current study was collected from a private farm at a newly reclaimed land in 

the Western district of Nile valley, El-Minia Governorate, Egypt. To characterize soil of the study site, a 

representative soil sample was collected from the soil surface at a depth of 0.0-30 cm. The soil sample 

was homogenized by the quartering method, then, air-dried, grinded with mortar and pestle, and sieved to 

pass through a 2.0 mm stainless steel sieve for the chemical analysis. Some analytical data of the studied 

surface soil at a depth of 0.0-30 cm are presented in Table (1). As it can be seen from the results in Table 

(1), the soil is sandy loam in texture, non-saline with an electrical conductivity of 1.40 dS m
-1

, and 

moderately alkaline pH (7.95).  

Table (1) Some analytical data of the studied surface soil at a depth 

                                                  of 0.0-30 cm.    

Soil properties Value 

  Particle size distribution: 
  Coarse sand (%) 

  Fine sand (%) 

  Silt (%) 

  Clay (%) 

  Texture grade 

 

50.33 

30.40 

4.77 

14.50 

Sandy 

loam 

  E.C. (Ratio 1:5) (dS m
-1

) 1.40 

  pH (Ratio 1:2.5) 7.95 

  CaCO3  (g kg
-1

)     94.40 

  O.M. (g kg
-1

) 3.40 

DTPA-extractable heavy metals (mg kg
-1

):   

  Pb   

  Ni   

  Cd       

 

 2.55 

 1.47 

 0.07 

                                    

Collection and preparation of the cement kiln dust 

            Two cement kiln dusts, white and black, were collected from two cement factories in El-Minia 

Governorate, Egypt. The white CKD was collected from the White El-Minia cement factory at Beni 

Khaled village, Samalout district, El-Minia Governorate, Egypt, and the black CKD was collected from 

the ASEC Minia cement factory at El-Sheikh Fadl village, Beni Mazar district, El-Minia Governorate, 

Egypt. Both of CKDs were used in the pot experiment. A sample of each CKD was taken, oven dried at 

105 
o
C for 24 hours, grinded with mortar and pestle, and sieved to pass through a 2.0 mm stainless steel 

sieve for the chemical analysis.  

Experimental design and set up of the pot experiment 

The pot experiment included 12 treatments, which were six CKD rates (0, 4, 8, 12, 16, and 20 g 

kg
-1

) from each studied CKD. Each respected CKD treatment was replicated three times. Before maize 

cultivation, each CKD treatment was added to five kilograms of air dried and sieved studied sandy loam 

soil and then mixed thoroughly. Then the soil mixture with CKD was placed in a plastic pot (16 cm in 

diameter and 18 cm in depth).  

Then, five grains of maize (Zea mays) were cultivated in each pot in July 2016.  Maize plants in 

each pot were thinned and two plants were left to grow in each pot. The maize plants received the 
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recommended fertilization rates of N, P, and K at the equivalent rates of 99 kg N, 47 kg P2O5, and 36 kg 

K2O/feddan, respectively. Maize plants were irrigated every three days with an amount of water to 

compensate loss in moisture content which was maintained at the field capacity. After 65 days from 

maize cultivation; the plant height of maize was recorded, the water consumptive use by maize plants 

(l\pot) were measured, and then water use efficiency by maize plants (g/l) was calculated. Also, maize 

plants were cut at 2.0 cm from the soil surface at 65 days from the maize cultivation in September 2016. 

After that, fresh weight of maize plants was immediately recorded, then, maize plants were dried in the 

oven at 65 
o
C and dry weights of maize plants was immediately recorded by weighing. The oven dried 

maize plants were grinded in a plant mill, passed through a 0.5 mm screen mesh, and a representative 

sample was taken and analyzed for Pb, Ni, and Cd.  

Risk assessment of the soil pollution  

Regarding the impact of applying white and black CKDs on soil pollution; soil samples were 

collected before cultivation and at 65 days from maize cultivation.  

Risk assessment of soil pollution is one of the key pathways when investigating the risk of white and 

black CKDs on the soil, human health, animals, plants, and surrounding ecosystem. The risk assessment 

of soil pollution was performed using the following three international guidelines: 

1- Guidelines for soil salinity classes as proposed by Scianna (2002) from the United States of America. 

2- Guidelines for soil pH classes as proposed by Scianna (2002) from the United States of America. 

3- Guidelines for the permissible limit of DTPA-extractable heavy metals in soils as proposed by 

Maclean et al. (1987). 

 

Health risk assessment for human and animals 

In view point of the impact of applying white and black CKDs to soil on human health and 

animals; the health risk assessment of lead, nickel, and cadmium concentration in maize plants was 

performed using the following international guidelines: 

1- WHO/FAO guidelines for metals in foods and vegetables as proposed by FAO/WHO (1976).   

2- Guidelines for the Indian standards for heavy metals in the soil, food, and drinking water as 

proposed by Awashthi (2000) from India. 

Laboratory analysis 

Chemical analysis of the soil and cement kiln dust 

The chemical analysis of soil and white and black CKDs was performed according to the standard 

frequently used methods as described by Jackson (1973) and Page et al. (1982). Lead, nickel, and 

cadmium were extracted from the soil and each CKD with diethylene-triamine-penta acitic acid (DTPA). 

The solution is made up of a mixture of 0.005 M DTPA, 0.1 M triethanolamin (TEA) and 0.01 M CaCl2, 

adjusted to pH 7.3. The concentrations of Pb, Ni, and Cd in the soil extracts and extracts of each CKD 

were analyzed using an Atomic Absorption Spectrophotometer; Model of VARIAN specter AA. 20 

according to Mathieu and Pieltain (2003).  

 

Chemical analysis of the maize plants  

Lead, nickel, and cadmium were extracted from the maize plants using the method of micro wave 

digestion. 0.1 g from each plant sample was homogenized in a Teflon cups with 5.0 ml nitric acid 

(ultrapure), 2.0 ml H2O2 30% and 0.5 ml hydrofluoric acid. The mixture was put in microwave apparatus 

at 37 wt/12 min. The mixture was frozen at –10
 o
C/30 min and set up at 50 ml with redistilled water. The 

concentrations of Pb, Ni, and Cd were analyzed by electrothermal Atomic Absorption Spectrometry, 

Model of VARIAN specter AA. 20 as described by Kumpulainen et al. (1983). 

Biological analysis of the soil 
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Microbial biomass C and N in the soil 

Microbial biomass C (Cmic) was determined by the fumigation
 
extraction method as described by 

Vance et al. (1987). Microbial biomass C was calculated as follows:  

Cmic = EC/kEC.  

Where:  

EC = (organic C extracted from fumigated soil) - (organic C extracted from non-fumigated soil).  

kEC = 0.45, which is a proportionality factor for converting the EC value to Cmic (Wu et al., 1990). 

Microbial biomass N (Nmic) was determined by the chloroform fumigation-incubation method as 

described by Horwath and Paul (1994). The NH4-N thus extracted was determined in a 20-ml aliquot of 

the extract by steam distillation (Keeney and Nelson, 1982). The Nmic was calculated as follows:  

Nmic = EN/kIN,  

Where: 

EN = (flush of NH4-N due to fumigation) - (NH4-N produced in the non-fumigated soil during 10 

days of incubation).  

kIN = 0.54, which is a proportionality factor for converting the EN value to Nmic (Jenkinson, 1988). 

Enzymes activity of the soil 

Enzyme activity of Arginase in soil samples was assayed as described by Tabatabai (1994) using 

arginine as the substrate, which involves the determination of NH4
_
N by steam distillation (Mulvaney, 

1996). Enzyme activity of β-glucosidase (βG) in soil samples was assayed as described by Eivazi and 

Tabatabai (1990) using p
_
nitrophenyl

_
β

_
D

_
glucopyranoside as the substrate. The amount of p-nitrophenol 

was estimated spectrophotometrically.  

Data handling 

          All the tabulated data of the current study were recorded at the oven dry basis (105 
o
C). 

1- The water use productivity by maize plants was calculated using the following equation: 

Water use productivity = The biomass yield (g) / The amount of depleted or diverted water (l). 

2- The uptake of a heavy metal = Dry matter of maize plants × Concentration of a heavy metal in the 

maize plants.                                                                                  

                                                        

Statistical analysis 

     All the obtained data were subjected to statistical analysis of variance procedures using Excel software 

(2016). Differences between treatments means were compared using L.S.D. test at 5% probability level. 

 

RESULTS AND DISCUSSION 

Chemical characterization and management of white and black  

       cement kiln dusts 

The chemical analysis of white and black CKDs is shown in Table (2). As it can be observed 

from the results in Table (2), the white and black CKDs have high values of the electrical conductivity 

(7.99 dS m
-1

 and 14.28 dS m
-1

, respectively). The electrical conductivity value of black CKD was higher 

than that of white CKD. The results agree with Daous (2002), Dollhopf and Mehlenbacher (2002), and 

Rahman et al. (2011). 
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Table 2: Some chemical properties of white and black cement kiln dusts (CKDs). 

Black CKD White CKD   Chemical properties of CKD 

14.28  7.99   E.C. (Ratio 1:5) 

11.70 6.89   pH (Ratio 1:2.5)      

 

15.62  

6.16 

4.79 

 

9.73 

3.62 

2.10 

  DTPA-extractable heavy metals (mg kg
-1

): 

  Pb 

  Ni       

  Cd 

 

 Regarding the pH of white and black CKDs, it was obvious from the results in Table (2) that the 

white CKD was approximately in the neutral pH. However, the black CKD was very strongly alkaline. 

The pH value of black CKD was higher than that of white CKD. Similar results were reported by (EPA, 

1993; Abd El-Aleem et al., 2005; and Kunal et al., 2012) It should be noticed from the results in Table 

(2) that the white and black CKDs contained low levels of lead and nickel; however, they contained 

relatively higher level of cadmium as proposed in the researches of many authors all over the world. The 

white and black CKDs are safe natural materials in terms of the lead and nickel level. The lead, nickel, 

and cadmium concentration of black CKD was higher than that of white CKD. The results are in 

consistent with those observed by several researchers (Naik, et al., 2003; Rahman et al., 2011; and 

Kunal et al.; 2012).  

With concern to the chemical constituents of white and black CKDs which is given in Table (3), it is 

appeared from the results in Table 3 that the white and black CKDs consist primarily of calcium oxide 

and silicon oxide. The results are in harmony with those reported by (Waly et al., 2007).                             

Table (3) Some chemical constituents of the white and black cement kiln  

                                            dust (CKDs).      

Black CKD
**

 White CKD
*
 Chemical constituents of CKD  

(% by weight) 

14.14 

4.46 

2.01 

56.44  

0.78 

7.60 

19.84 

2.75 

0.03 

57.39  

0.14 

5.28 

SiO2 

Al2O3 

Fe2O3 

CaO 

MgO 

SO3 

                             
*
White CKD = Analytical chemical composition of white CKD is provided White cement 

factory. 

                                
**

Black CKD = Analytical chemical composition of black CKD is provided by ASEC 

Minia cement factory. 

The chemical composition of white CKD varied from the that of black CKD. The amount by weight of 

Al2O3, Fe2O3, MgO, and SO3 of black CKD was higher than that of white CKD. While, the amount by 

weight of SiO2 and CaO of white CKD was higher than that of black CKD, its agree with (Naik et al., 

2003). 

Impact of applying white and black CKDs on some soil chemical and biological properties 

In order to determine impacts of white and black CKDs on soil properties (soil health), risk 

assessment of soil pollution included soil salinity build up; changes in soil pH; and spatial distribution 

and accumulation of lead, nickel, and cadmium in sandy soil. Risk assessment of soil pollution was 

performed using three international guidelines.  
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Soil salinity build up 

  It was prominent from results in Table (4) that addition of white and black CKDs at six rates (0.0, 4, 

8, 12, 16, and 20 g kg
-1

) to sandy soil resulted in an increase in soil electrical conductivity after 65 days 

from maize cultivation when compared to that before cultivating maize plants (Table 1). Increasing 

application rate of white and black CKDs from 0.0 up to 20 g kg
-1

 significantly increased soil electrical 

conductivity (p ≤ 0.05) after 65 days from maize cultivation when compared to control treatment (0.0 g 

kg
-1

). Results are in harmony with the findings of (Dollhopf and Mehlenbacher, 2002; Uysal et al., 2012; 

and ElBaz et al., 2019).  

 

 

Table (4) Impact of applying white and black CKDs on some soil chemical 

                                                properties after 65 days of maize cultivation. 

   

CKD treatment 

(g kg
-1

)
 

E.C.  

(1:5) 

(dS m
-1

) 

pH 

(1:2.5) 

DTPA-extractable heavy metals 

concentration in the soil (mg kg
-1

) 

Pb  Ni  Cd  

Control 1.40 7.95 2.55
g
 1.47

 f
 0.061

f 

W
h

it
e 

C
K

D
 

4 1.48
 a
 8.04 4.49

f
 2.79

 e
 0.120

e 

8 1.68
 a
 8.07 5.40

d
 3.25

d 
0.140

d 

12 1.74
 a
 8.09 6.19

c
 3.61

c 
0.180

c 

16 1.96
 a
 8.11 7.12

b
 4.14

b 
0.228

b 

20 2.00
 a
 8.18 8.00

a
 5.00

a 
0.298

a 

Mean 1.71 ----- 5.63 3.38 0.171 

B
la

ck
 C

K
D

 

4 1.59
 a
 8.09 5.02

e
 3.01

 e
 0.140

de 

8 1.79
 a
 8.11 5.67

d
 3.43

 d
 0.160

cd 

12 1.86
 a
 8.14 6.61

c
 3.82

 c
 0.200

bc 

16 2.01
 a
 8.15 7.63

b
 4.34

 b
 0.253

ab 

20 2.15
 a
 8.19 8.11

a
 5.10

 a
 0.288

a 

Mean 1.80 ----- 5.93 3.36 0.184 

LSD at level 5% 0.29 ----- 0.44 0.31 0.014 

 

     Along the six rates of white CKD, the value of soil electrical conductivity ranged from 1.40 to 

2.00 dS m
-1

, while, along the six rates of black CKD, the value of soil electrical conductivity ranged from 

1.40 to 2.15 dS m
-1

. Sonon et al. (2015) reported that correction a salt - affected soil involves identified 

the kind and amount of salt, chemical treatment and leaching. The University of Georgia recommends 

leaching techniques to remove salts from the root zone when EC is greater than 1.25 mmhos/cm at a soil 

to water ratio of 1:2. 

          The electrical conductivity values of treated soil with the black CKD was higher than those of 

treated soil with the white CKD. One explanation for this result is that the electrical conductivity value of 

black CKD (14.28 dS m
-1

) was higher than that of the white CKD (7.99 dS m
-1

) as given in Table (2).  

   Concerning the risk assessment of soil salinity, all the values presented in Table (4) were compared 

with the guidelines for the soil salinity classes proposed by Scianna (2002) as presented in Table (5). 

According to the guidelines of Scianna (2002), the electrical conductivity value of most of treated soils 

with the white CKD and the treated soils with the black CKD is within the range of 2.0-4.0 dS m
-1

 under 
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the salinity class of “very slightly saline”. Scianna (2002) suggested that even soils classified as “slightly 

saline” are marginally acceptable for many crops.  

Table 5: Guidelines for the soil salinity classes (Scianna, 2002). 

Salinity class EC (electrical conductivity) 

(dS m
-1

 or mmhos cm
-1

) 

Non saline 0 – 2 

Very slightly saline 2 – 4 

Slightly saline 4 – 8 

Moderately saline 8 – 16 

Strongly saline > 16 

 

Soil pH 

      It was evident from the results shown in Table (4) that addition of the white and black CKDs at 

the studied six rates to the sandy soil resulted in a slight increase in the soil pH with applying the white 

and black CKDs treatment at 65 days from the maize cultivation when compared to that before cultivating 

the maize plants (Table, 1). Dollhopf and Mehlenbacher (2002) found that increased soil pH was 

associated with greater application rates of the three types of CKD. In addition, Rahman et al. (2011) 

pointed out that the application of CKD to agriculture land can increase the pH of soils. Moreover, 

Adaska and Taubert (2008) revealed that because of the high lime and potassium concentrations, CKD is 

used as a soil amendment or fertilization in many parts of the world. The acid neutralizing capacity of the 

lime in CKD counteracts the acidic soils that result from years of farming. 

  Across the six rates of white CKD, the value of soil pH ranged from 7.95 to 8.18, whereas, along 

the six rates of black CKD, the value of soil pH ranged from 7.95 to 8.19. Dollhopf and Mehlenbacher 

(2002) indicated that three types of CKD produced a desired pH (7.0 - 8.4) in the root zone during the 

plant growth test of perennial grasses.  

   With regard to the risk assessment of soil pH, all the values provided in Table (4) were compared 

with the guidelines for the soil pH classes proposed by Scianna (2002) as it was given in Table (6). 

According to the guidelines of Scianna (2002), the pH value of treated soils either with the white CKD or 

the black CKD is within the range of 7.9-8.4 under the pH class of “moderately alkaline”. Adaska and 

Taubert (2008) reported that neutral soils are a better growing environment for crops and also enhance 

herbicide effectiveness. The dust may provide potassium and trace metals that are also depleted from 

agriculture soils due to plant withdrawal requirements. Furthermore, Scianna (2002) pointed out that a 

main implication of changing the soil pH is plant nutrient availability, which is often a secondary 

response to microbial activity levels responding to changing soil pH. As soil pH climbs, elements such as 

iron, manganese, zinc, copper, cobalt, phosphorus, and boron become limited. 

                              Table (6) Guidelines for the soil pH classes (Scianna, 2002). 

pH class pH 

Ultra acid < 3.5 

Extremely acid 3.5 - 4.4 

Very strongly acid 4.5 - 5.0 

Strongly acid 5.1 - 5.5 

Moderately acid 5.6 - 6.0 

Slightly acid 6.1 - 6.5 

Neutral 6.6 - 7.3 

Slightly alkaline 7.4 - 7.8 
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Moderately alkaline 7.9 - 8.4 

Strongly alkaline 8.5 - 9.0 

Very strongly alkaline > 9.0 

 

Accumulation of lead, nickel, and cadmium in the soil 

The concentration of lead, nickel, and cadmium in the soil was increased at 65 days from the 

maize cultivation when compared to that in the soil before cultivation (Table, 1) due to application of the 

white and black CKDs at the studied six rates as showed in Table (4). Increasing the application rate of 

white and black CKDs from 0.0 up to 20 g kg
-1

 significantly increased the concentration of lead, nickel, 

and cadmium in the soil at 65 days from the maize cultivation when compared to that of the control 

treatment. The results are in harmony with the findings of (Mandal and Voutchkov, 2011; Olowoyo et 

al., 2015; Lafond and Simard, 1999; and USDA, 2000)  

The increase in the concentration of lead, nickel, and cadmium in the soil may be interpreted by: 

(1) the carry-over of lead, nickel, and cadmium from the dissolution of white and black CKDs to the soil 

and (2) addition of the chemical fertilizers especially the phosphate fertilizers. The results agree with 

Kloke et al. (1984). 

             Across the six rates of white CKD, the value of lead, nickel, and cadmium concentration in the 

treated soil with the white CKD ranged from 2.55 to 8.00, 1.47 to 5.00, and
 
0.061 to 0.298 mg kg

-1
,
 

respectively. However, along the six rates of black CKD, the value of lead, nickel, and cadmium 

concentration in the treated soil with the black CKD ranged from 2.55 to 8.11, 1.47 to 5.10, and
 
0.061 to 

0.288 mg kg
-1

, respectively. The results agree with Bhalerao et al. (2015). 

The heavy metals concentrations in the soils of pot experiment were in the following descending 

order: Lead > Nickel > Cadmium. This result is obvious in the chemical analysis of the white and black 

CKDs (Table 2) where the heavy metals concentration in the white and black CKDs was in the following 

descending order: Lead > Nickel > Cadmium.  

             It was clear from the results in Table (4) that at 65 days from the maize cultivation, the values of 

lead, nickel, and cadmium concentration in the treated soil with the black CKD were higher than those in 

the treated soil with the white CKD. This result may be explained by that the value of lead, nickel, and 

cadmium concentration of black CKD (15.62, 6.16, and 4.79 mg kg
-1

; respectively) was higher than that 

of the white CKD (9.73, 3.62, and 2.10 mg kg
-1

; respectively) as given in Table (2). The results are in 

harmony with the findings of Dollhopf and Mehlenbacher (2002). 

The risk assessment of soil pollution helps in screening out the low-risk areas (potential safe 

areas) and high risk areas (hot spot areas) in terms of lead, nickel, and cadmium concentration in the soil 

so as to prevent the environment from the pollution. Risk assessment of the soil pollution is a vital step 

when investigating the risk of white and black CKDs on the soil quality (soil health), plant health, human 

and animal health, and surrounding ecosystem. Therefore, the risk assessment of soil pollution by lead, 

nickel, and cadmium was applied to the data set.  

Considering the risk assessment of lead, nickel, and cadmium concentration in the soil, all the 

values of lead, nickel, and cadmium concentration in the soil presented in Table (4) were compared with 

the guidelines of Maclean et al. (1987) for the permissible limit of DTPA-extractable heavy metals in 

soils as illustrated in Table (7). The values of lead, nickel and cadmium concentration in the soil are 

below the allowable limit of DTPA-extractable of lead, nickel and cadmium concentration in soils.; 

indicating that there is no evident for pollution of lead, nickel and cadmium. Therefore, the soils of pot 

experiment were still in a safe lead, nickel and cadmium. The results agree with (Siti Norbaya et al., 

2014; Shnizai ,2012; and Dong et al., 2007). 
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    Table (7) Guidelines for the permissible limit of DTPA-extractable                                                  

heavy metals in soils [Adapted from Maclean et al. (1987)].  

Heavy metal Soil (mg/kg) 

  Lead           Pb 13.00 

  Nickel         Ni   8.10 

  Cadmium     Cd   0.31 

 

          The results of risk assessment of cadmium concentration in the soil demonstrated that the soils of 

the pot experiment might have been heavily polluted according to the levels of cadmium that were 

recorded in soils of current study, suggesting that there is potential that soils of current study have been 

heavily polluted by cadmium if no soil remediation effort has been implemented. 

The risk assessment of lead, nickel, and cadmium pollution in the soil can be used for preventing 

or reducing the soil pollution in order to conserve the surrounding environment healthy and safe for 

humans, animals, plants, and all living organisms. 

Microbial biomass and enzyme activity in the soil 

The studied soil biological properties were microbial biomass C (Cmic), microbial biomass N 

(Nmic), and enzymes activity of arginase and β-glucosidase are shown in Table 8. As can be seen from 

the results in Table (8), the microbial biomass C, microbial biomass N, and enzymes activity of arginase 

and β-glucosidase were increased as a result of increasing the application rate of white CKD from 0.0 up 

to 16 g kg
-1

 when compared to those of the untreated soil (control treatment). In contrary; when the 

application rate of white CKD was increased from 16 to 20 g kg
-1

, the above-mentioned soil biological 

properties were decreased. In the case of treating the soil with the black CKD, increasing the application 

rate of black CKD from 0.0 up to 20 g kg
-1

 decreased the above-mentioned soil biological properties 

when compared to those of the unamended soil. It can be observed from the data in Table (8) that 

amending the soil with the black CKD has a negative effect on the microbial biomass C, microbial 

biomass N, and enzymes activity of arginase and β-glucosidase. This negative effect of black CKD on the 

microbial biomass C, microbial biomass N, and enzymes activity of arginase and β-glucosidase is directly 

related with the chemical characteristics of the black CKD (Table, 2). Those findings are in agreement 

with the results obtained by (Ocak et al., 2004; Arul and Nelson, 2015; and Amani et al., 2018). 

Table (8) Microbial biomass C and N and enzyme activity in the soils amended with white  

and black CKDs. 

CKD treatments 

(g kg
-1

) 

Microbial biomass 

 

Enzyme activity 

Cmic  

(mg kg
-1

) 

Nmic  

(mg kg
-1

) 

Cmic: Nmic  

ratio 

Arginase 

(mg NH4-N kg
-1

 soil 2h
-1

) 

β-glucosidase 

(mg р-nitro phenol kg
-1

 h
-1

) 

Control 85.0 49.0 1.7 45.6 37.8 

W
h

it
e 

C
K

D
 4 88.0 54.0 1.6 50.2 41.3 

8 112.0 66.0 1.7 61.5 47.4 

12 145.0 83.0 1.7 69.8 55.4 

16 177.0 103.0 1.7 77.4 66.8 

20 167.0 95.0 1.8 71.8 59.1 

B
la

ck
 C

K
D

 4 83.0 45.0 1.8 44.3 36.4 

8 80.0 44.0 1.8 41.8 34.8 

12 79.0 40.0 2.0 37.6 30.2 

16 70.0 34.0 2.1 32.2 24.3 

20 62.0 30.0 2.1 28.4 19.7 
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The decrease in the microbial biomass C, microbial biomass N, and enzyme activity of 

arginase and β-glucosidase due to increasing the application rate of white CKD from 16 to 20 g 

kg
-1

 and increasing the application rate of black CKD from 0.0 up to 20 g kg
-1

  may be 

explained by: (1) the high value of electrical conductivity of white CKD ( 7.99 dS m
-1

 ) and 

black CKD (14.28 dS m
-1

) and (2) the concentration of lead, nickel, and cadmium in the white 

and black CKDs as was provided in Table (2), suggesting that the use of white and black CKDs 

in the agricultural applications such as a soil amendment and a fertilizer material may cause a 

soil salinity build up and may affect the surrounding ecosystem. The results are in harmony 

with the findings of Bilen et al. (2019). 

The value of microbial biomass carbon in the amended soil with the white CKD ranged from 85.0 

to 177.0 mg kg
−1

, however, it ranged from 62.0 to 85.0 mg kg
-1

 in the amended soil with the black CKD. 

The value of microbial biomass nitrogen in the amended soil either with the white or the black CKD 

ranged from 49.0 to 103.0 and from 30.0 to 49.0 mg kg
-1

, respectively.  

The highest value of microbial biomass C, microbial biomass N, and enzyme activity 

of arginase and β-glucosidase (177.0 mg kg
-1

, 103.0 mg kg
-1

, 77.4
 
mg NH4-N kg

-1
 soil 2h

-1
, and 

66.8 mg р-nitro phenol kg
-1

 h
-1

, respectively) were obtained when the soil was treated with 16 g 

kg
-1 

of white CKD. From the view point of the importance of microbial biomass and soil 

enzyme activity for the soil health, Moustafa et al. (2018) pointed out that the most commonly 

used biological indicators for the microbial activity and soil health are microbial biomass and 

soil enzymes activity.  

Impact of applying the white and black CKDs to the soil on the maize crop  

Maize growth (maize health) 

The maize growth was improved due to application of the white and black CKDs to the sandy 

loam soil as it resulted in an increase in the plant height and fresh and dry weight of maize plants. 

Increasing the application rate of white CKD from 0.0 up to 16 g kg
-1

 and increasing the application rate 

of black CKD from 0.0 up to 12 g kg
-1

 significantly increased the plant height and fresh and dry weight of 

maize plants (p ≤ 0.05) when compared to those of the untreated soil (control treatment) as shown in 

Table (9). In contrary; when the application rate of white CKD was increased from 16 to 20 g kg
-1

 and 

when the application rate of black CKD was increased from 12 up to 20 g kg
-1

, the plant height and fresh 

and dry weight of maize shoots were significantly decreased (p ≤ 0.05). The improvement in the plant 

height and fresh and dry weight of maize shoots when the soil was treated with the white CKD was better 

than that when the soil was treated with the black CKD. This result may be because of the white CKD 

was approximately in the neutral pH (pH 6.89) (Table, 2). This improvement in the maize growth may be 

interpreted by the beneficial effects of white and black CKDs which may be useful as: (1) a soil 

amendment, in which they improve the physical, chemical, and biological properties of the studied sandy 

loam soil and (2) a fertilizer material, in which they are a source of macro and micro nutrients necessary 

for the growth and development of the maize plants. The results are in harmony with the findings of many 

authors. The results are in harmony with the findings of (Dollhopf and Mehlenbacher, 2002; Adaska and 

Taubert, 2008; Uysal et al., 2012; and Morsy et al., 2019).  

 

Table (9) Impact of applying the white and black CKDs to the sandy soil on some vegetative growth 

parameters of maize and water use productivity by the maize plants. 

CKD treatment 

(g kg
-1

) 

Plant height 

(cm) 

Fresh 

weight 

(g/pot) 

Dry weight 

(g/pot) 

Water 

consumptive 

use (l/pot) 

Water use 

productivity 

(g/l) 
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Control 35.31
f 

149.57
f 

25.25
f 

3.48
a 

42.98
f 

W
h

it
e 

C
K

D
 

4 36.97
e 

156.24
e 

27.61
e 

3.46
a
 45.16

e 

8 38.15
d 

161.23
d 

28.26
d 

3.46
a
 46.60

d 

12 43.13
c 

182.82
c 

30.60
c 

3.38
a
 54.09

c 

16 47.38
a 

199.86
a 

34.83
a 

3.36
a
 59.48

a 

20 45.30
b 

186.45
b 

32.50
b 

3.33
a
 55.99

b 

Mean 41.04 177.70 29.84 3.41 50.72 

B
la

ck
 C

K
D

 

4 36.01
f 

152.31
ef 

26.26
ef 

3.47
a
 43.89

ef 

8 37.76
d 

159.73
d 

27.54
de 

3.47
a
 46.03

d 

12 41.11
cd 

173.88
cd 

29.98
cd 

3.47
a
 50.11

g 

16 38.01
d 

160.78
d 

27.72
de 

3.45
a
 46.60

d 

20 36.0
f 

158.50
de 

27.00
g 

3.44
a
 46.08

d 

Mean 37.37 159.13 27.29 3.46 45.95 

LSD at level 5% 0.92 2.11 0.56 0.14 1.01 

 

The decrease in the plant height and fresh and dry weight of maize plants by increasing the application 

rate of white CKD from 16 to 20 g kg
-1

 and increasing the application rate of black CKD from 12 up to 20 g kg
-

1
  may be due to: (1) the high value of electrical conductivity of white CKD ( 7.99 dSm

-1
 ) and black CKD 

(14.28 dS m
-1

) and (2) the concentration of lead, nickel, and cadmium in the white and black CKDs as 

summarized in Table (2), implying that the use of white and black CKDs in the agricultural applications such as 

a soil amendment and a fertilizer material may cause a soil salinity build up and may affect the surrounding 

ecosystem. The results are in consistent with those reported by several researchers (Kloke et al., 1984; 

Dollhopf and Mehlenbacher, 2002; Pourrut et al., 2011; and Bhalerao et al., 2015).  

Water consumptive use and water use productivity by the maize plants 

 The water use productivity by the maize plants was improved due to application of the white and 

black CKDs to the sandy loam soil as it resulted in an increase in the water use productivity by the maize 

plants. Increasing the application rate of either the white CKD or the black CKD from 0.0 up to 20 g kg
-1

 

slightly decreased the water consumptive use by the maize plants when compared to that of the untreated 

soil (control treatment) as listed in Table (9). Increasing the application rate of white CKD from 0.0 up to 

16 g kg
-1

 and increasing the application rate of black CKD from 0.0 up to 12 g kg
-1

 significantly increased 

the water use productivity by the maize plants (p ≤ 0.05) when compared to that of the untreated soil 

(control treatment). In contrast; when the application rate of white CKD was increased from 16 to 20 g 

kg
-1

 and when the application rate of black CKD was increased from 12 to 20 g kg
-1

, the water use 

productivity by the maize plants was significantly decreased (p ≤ 0.05). The improvement in the water use 

productivity by the maize plants when the soil was treated with the white CKD was better than that when 

the soil was treated with the black CKD. The results are in agreement with those reported by many 

authors (Morsy et al., 2019; Rahman et al., 2011; Schreiber et al., 1998; Naik et al., 2003; and Miller 

and Azad, 2000). 

            The highest value of plant height, fresh and dry weight of maize plants, and water use efficiency 

by the maize plants (47.38 cm, 199.86 g/pot, 34.83 g/pot, 10.37 g/l, respectively) were recorded when the 

soil was treated with 16 g kg
-1 

of white CKD. Whereas, the lowest value of plant height, fresh and dry 

weight of maize plants, and water use productivity by the maize plants (35.31 cm, 149.57 g/pot, 25.25 

g/pot, and 59.48 g/l, respectively) were recorded when the soil was untreated either with the white CKD 

or the black CKD.  

Accumulation of lead, nickel, and cadmium in the maize plants 
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It can be observed from the results in Table (10) that increasing the application rate of either the 

white CKD or the black CKD from 0.0 up to 20 g kg
-1

 significantly increased the concentration of lead, 

nickel, and cadmium in the maize plants (p ≤ 0.05) when compared to that of the untreated soil. The 

results are in accordance with those reported by many authors (Kloke et al., 1984 and Bhalerao et al., 

2015)   

           The concentration of lead, nickel, and cadmium in the maize plants as a result of applying the 

black CKD to the soil was higher than that in the maize plants when the soil was treated with the white 

CKD. This result may be interpreted by that the lead, nickel, and cadmium concentration of black CKD 

was higher than that of white CKD (Table, 2).  

The highest value of lead, nickel, and cadmium concentration in the maize plants (0.53, 0.31, and 

0.21 mg kg
-1

) was obtained when the soil was treated with 20 g kg
-1

 of the black CKD.  

 

Table (10) Impact of applying the white and black CKDs to the soil on accumulation of lead, 

nickel, and cadmium in the maize shoots. 

CKD 

treatment (g kg
-1

) 

 

Concentration in the maize plants 

(mg kg
-1

) 

 

Uptake by the maize shoots 

(μg/pot) 

 

Pb  Ni  Cd  Pb  Ni  Cd  

W
h

it
e 

C
K

D
 

Control 0.28
d 

0.17
e 

0.07
g 

7.10
b 

4.30
c 

1.80
e 

4 0.30
c 

0.19
d 

0.08
f 

8.30
b 

5.20
c 

2.20
e 

8 0.35
c 

0.21
c 

0.11
d 

9.90
b 

5.90
c 

3.10
d 

12 0.40
b 

0.23
c 

0.14
c 

12.20
a 

7.00
c 

4.30
c 

16 0.40
b 

0.26
b 

0.16
bc 

13.90
a 

9.00
b 

5.60
b 

20 0.40
b 

0.29
a 

0.20
a 

13.00
a 

10.30
a 

6.50
a 

Mean 0.36 0.23 0.13 10.70 7.00 3.90 

B
la

ck
 C

K
D

 

4 0.34
c 

0.22
c 

0.10
e 

8.90
b 

5.80
c 

2.60
e 

8 0.38
c 

0.23
c 

0.12
d 

10.40
b 

6.30
c 

3.30
d 

12 0.43
b 

0.25
c 

0.15
c 

12.90
a 

7.50
c 

4.50
c 

16 0.47
b 

0.28
b 

0.18
b 

13.00
a 

7.80
bc 

5.00
f 

20 0.53
a 

0.31
a 

0.21
a 

14.30
a 

8.40
b 

5.70
b 

Mean 0.41 0.24 0.14 11.10 6.70 3.80 

LSD at 5% level 0.04 0.02 0.01 2.1 1.1 0.5 

 

It is clear from the results in Table (10) that increasing the application rate of either the white 

CKD or the black CKD from 0.0 up to 20 g kg
-1

 significantly increased the uptake of lead, nickel, and 

cadmium by the maize plants (p ≤ 0.05) when compared to that of the untreated soil with the exception of 

that when the application rate of white CKD was increased from 16 to 20 g kg
-1

, the uptake of lead by the 

maize plants was decreased.  Similar results were reported by several researchers (Kloke et al., 1984; 

Lafond and Simard, 1999; Martin and Griswold, 2009; and Bhalerao et al., 2015). 

Concerning the health risk assessment of lead, nickel, and cadmium concentration in the maize 

shoots; all the values of lead, nickel, and cadmium concentration in the maize shoots shown in Table (10) 

were compared with the guidelines of WHO/FAO (1976) and the guidelines of Awashthi (2000) as 

presented in Tables (11) and (12), respectively. The values of lead, nickel, and cadmium concentration in 

the maize shoots were below the allowable levels proposed by the guidelines of WHO/FAO (1976) and 
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the guidelines of Awashthi (2000). The values of lead, nickel, and cadmium concentration are within the 

normal range of lead, nickel, and cadmium concentration in foods and vegetables according to the 

guidelines of WHO/FAO (1976). This result implies that there was no distinct accumulation of lead, 

nickel, and cadmium in the maize shoots; implying that these metals have no risk, does not make a 

concern, and could not affect the human and animal health through the three primary routes namely 

inhalation, ingestion, and skin absorption.  

    Table (11) WHO/FAO guidelines for metals in foods and vegetables [Adapted from  

         FAO/WHO (1976)].   

Heavy metal WHO/FAO Normal range in plant 

(mg/kg) 

  Lead                  

Pb 

2.00 0.50 – 30.00 

  Nickel               

Ni 

----- 0.02– 50.00 

  Cadmium          

Cd 

1.00   < 2.40 

 

      Table (12) Guidelines for the Indian standards for heavy metals in the soil, food,   

   and drinking water [Adapted from Awashthi (2000)]. 

Heavy metal Soil (mg/kg) Food (mg/kg) Water (mg/l) 

Pb 250 – 500 2.5 0.10 

Ni 75 – 150 1.5 ----- 

Cd 3.0 – 6.0 1.5 0.01 

  

4. CONCLUSIONS 

From the obtained results, the following conclusion could be made: 

1- The white and black CKDs contained low levels of lead and nickel, while, they contained 

relatively higher level of cadmium. The white and black CKDs are considered to be safe by-

product materials in terms of the pH and content of lead and nickel, however; they are potentially 

hazard in terms of the salinity build up in the soil. 

2- Increasing the application rate of either the white or black CKDs from 0.0 up to 20 g kg
-1

 

significantly increased the electrical conductivity of the soil, slightly increased the soil pH of soil 

treated with the white and black CKDs, and significantly increased the concentration of lead, 

nickel, and cadmium in the soil at 65 days from the maize cultivation. 

             The microbial biomass C and N and enzyme activity of arginase and β-glucosidase were 

increased as a result of increasing the application rate of white CKD from 0.0 up to 16 g kg
-1

. 

Increasing the application rate of black CKD from 0.0 up to 20 g kg
-1

 decreased the above-

mentioned soil biological properties. 

3- The plant height, fresh and dry weight of maize plants, and water use productivity by the maize 

plants were improved due to application of either the white or black CKDs to the sandy loam soil. 

The improvement in the plant height, fresh and dry weight of maize plants, and water use 

productivity by the maize plants when the soil was treated with the white CKD was better than 

that when the soil was treated with the black CKD.    
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4- The health risk assessment of lead, nickel, and cadmium concentration in the maize plants 

indicated that their concentration values are below the allowable levels in the food, which are 

proposed by two international guidelines.  

 

       As a final recommendation related to the quality evaluation and management of white and black 

CKDs for use as a soil amendment and a fertilizer material, it is applicable to use the white CKD only at 

the application rate of 16 g kg
-1

 (16 Mg feddan
-1

) for crops grown in the sandy soils except the tuber, root, 

and salt sensitive crops under the conditions of El-Minia Governorate, Egypt. It should be emphasized 

that to use the white CKD in a safe manner in the agricultural purposes, apply it once only to avoid its 

hazard and drastic impacts. 
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استخذام تزاب فزن الاسمىت لتحسيه صحت التزبت الزمليت ولتحسيه اداء الذرة امكاويت  

حسه علي حسه
1

، محمود احمذ مزسي 
1
، جمال مصطف الضوى 

1
، كوثز هارون محمذ 

1
و سميز احمذ سيذ 

2
 

-قسى الاراضً  كهيت انشراعت   - خايعت انًُيا 
1

 

- قسى انًيكزوبيىنىخيا انشراعيت  كهيت انشراعت   - خايعت انًُيا 
2  

 ملخص البحث

فً عذيذ يٍ دول انعانى، اقخزذ عذيذ يٍ انبازثيٍ اسخخذاو حزاب فزٌ الاسًُج كًسسٍ نهخزبت و كًظذر نهعُاطز انغذائيت 

 نخسسيٍ اداء "ًَى و حطىر" انًسظىل.

كم يٍ حزاب فزٌ  كهيت انشراعت، خايعت انًُيا، نبسث  حأثيز إضافت أخزيج حدزبت اطض فً طىبت قسى عهىو الاراضً،

كدى( نهخزبت انزيهيت عهً بعض  /خزاو 20،  11،  12، 8، 4الأسًُج الأبيض والأسىد انًضاف بسخت يعذلاث ) طفز، 

 انخىاص انكيًيائيت و انبيىنىخيت نهخزبت و انًُى و انًكىَاث انكيًيائيت نُباحاث انذرة انُاييت بها.

زٌ الاسًُج الابيض والاسىد يخكىٌ اساسا يٍ اكسيذ انكانسيىو و اكسيذ خسظم عهيها أٌ كم يٍ حزاب فًانُخائح ان بيُجو

 انسيهكىٌ بانزغى يٍ اٌ خظائظهى انكيًيائيت يخخهفت حًايا.

الاسىد قهيهت انًهىزت خذا، يعخذنت انقهىيت، و لا حشال فً يسخىي  و حعخبز انخزب سىاء انًعايهت بخزاب فزٌ الاسًُج الابيض او

 11انكادييىو. و قذ ادي حسسيٍ انخزبت بشيادة يعذل حزاب فزٌ الاسًُج الابيض يٍ طفز إنً  و يكمايٍ يٍ انزطاص و انُ

 خهىكىسيذاس.-خزاو/كدى إنً سيادة انكخهت انسيىيت انًيكزوبيت نهكزبىٌ و انُيخزوخيٍ و كذنك انُشاط الاَشيًً نلارخيُيش و بيخا

نذرة وكذنك كفاءة اسخعًال َباحاث انذرة نهًياِ عُذ يعايهت نُباحاث ااف وقذ سدهج اعهً قيًت نطىل انُباث وانىسٌ انطاسج واند

َباحاث  فً خزاو/كدى. ولا يىخذ حزاكى واضر نهزطاص وانُيكم وانكادييىو 11انخزبت بخزاب فزٌ الاسًُج الابيض بًعذل 

 نذرة.ا

طٍ/فذاٌ( نهًساطيم انُاييت  11زاو/كدى )خ 11ويٍ انُازيت انخطبيقيت، يًكٍ اسخعًال حزاب فزٌ الاسًُج الابيض فقظ بًعذل 

 يظز. -فً الاراضً انزيهيت حسج ظزوف يسافظت انًُيا 


