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Cement Kiln Dust (CKD), a by-product dust, is generated in large quantities
during the manufacture of the cement. The fine particles of dust can be inhaled
along with air and cause pollution to the soil around the cement factories. El-
Minia Governorate, Egypt contains two cement factories. The first produces the
white cement and the second produces the black cement. To environmentally
monitor the soil pollution in the two studied areas, soil sampling was carried out
in the Northern, Southern, Eastern, and Western directions around each cement
factory. Soil samples were taken at six different monitoring distances away
from each cement factory which are: 50m, 100m, 500m, 1km, 5km, and 10km.
The values of EC, PH, Pb, Ni, and Cd of each site of the studied four directions
around the two cement factories were decreased by increasing the monitoring
distance from 50m up to 10km away from each studied cement factory. The
electrical conductivity values of the top soil of the monitoring points were
ranged between non-saline and very slightly saline. The PH values of the top
soil of the monitoring points were ranged between neutral and moderately
alkaline. The values of lead, nickel, and cadmium of the top soil of the
monitoring points were below the allowable concentrations in the arable soil.
This indicated that concentration of lead, nickel, and cadmium in the top soil
around the two cement factories still in a safe level.

1. Introduction

The disposal of the fine kiln dust is very difficult and poses an
environmental threat. To overcome this problem, research is

In Egypt, production of the different types of cement
reached nearly 30 million tons, with 3 million tons CKD/years
in dry lines. It has been used in many different economical and
beneficial applications in different parts of the world. Its
pollutions have been found to be a problem around cement
factories. It may contain hazardous compounds that pose
harmful effects to the environment. Therefore, the cement kiln
dust should be managed properly to avoid its harmful effects on
humans, animals, and plants.

Olowoyo et al. (2015) pointed out that quality of the
environment is vital for sustainable development, especially in
the face of rapid developmental programs from developing
countries.

In Egypt, production of the different types of cement reached
nearly 30 million tons, with 3.0 million tons CKD/year in dry
lines (Abd EI-Aleem et al., 2005).

Cement kiln dust, a by-pass dust, is generated in large quantities
during the production of the Portland cement (Abd El-Aleem et
al., 2005 and Kunal et al., 2012). Cement kiln dust is a fine
powdery material of grey to can in color, relatively uniform in
size, and similar in appearance to Portland cement.

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.

being carried out in different parts of the world to find out
economical and efficient ways and means of using cement kiln
dust in various applications (Adaska and Taubert, 2008 and
Rahman et al., 2011).

CKD presence in open atmosphere for a long period may have
significant effect on the environment.

Lead (Pb) has many interesting physio-chemical properties that
make it a very useful heavy metal. Industrialization,
urbanization, mining, and many other anthropogenic activities
have resulted in the redistribution of lead from the earth's crust
to the soil and to the environment (Pourrut et al., 2011).

Nickel pollution is a serious environmental concern. Nickel is
strongly phototoxic at higher concentration (Bhalerao et al.,
2015).

Cadmium has become one of the most harmful and widespread
pollutants in agricultural soil, and soil-plant-environment
system. Significant quantities of Cd have been added to soils
globally due to various anthropogenic activities, posing a
serious threat to safe food production and human health (Dong
et al., 2007).

Nowadays, spread out pollution of soils by heavy metals is a
major environmental problem throughout the world (Shniazi,
2012). Mandal and Voutchkov (2011) showed that the mental
concentrations of top soils can be used as a powerful
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geochemical tool for monitoring the impact of anthropogenic
activities.

Keeping in mind the prevailing scientific facts and results all
over the world, the main objectives of this study are: (1) to
characterization and evaluate the possibility of utilizing the
white and black cement kiln dust in different economical and
beneficial applications; (2) to investigate the impact of the white
and black cement kiln dust on the soil salinity, soil pH, and
spatial distribution of lead, nickel, and cadmium in the soil
around the Royal EI-Minya cement factory and ASEC Minya
cement factory located in El-Minia Governorate; and (3) to
assess and monitor the soil salinity build up, change in the soil
pH, and pollution risk for lead, nickel, and cadmium in the soil
around the two local cement factories.

2. Materials and methods
2.1. Study area description

The current study was carried out at two areas located in

El-Minia Governorate, Egypt. The first area is the Seryrhia
village, Samalout Center, EI-Minia Governorate which is
situated around the Royal El-Minia cement factory (RECF);
however; the second area is the Beni Khaled village, Samalout
Center, El-Minia Governorate which is situated around the
ASEC Minia cement factory (AMCF).
Royal El-Minia Cement Company is a full owned Egyptian
cement company working in the field of producing white
cement. However, ASEC Minia Cement factory has officially
commenced production of black cement at its ASEC Minia
cement plant in EI-Minia Governorate

2.2. Cement Kiln Dust
2.2.1. Cement kiln dust sampling

In order to know better about the quality of white and black
cement kiln dust, the white cement kiln dust sample was
obtained from the Royal El-Minia cement factory, while the
black cement kiln dust sample was obtained from the ASEC
Minai cement factory. The collected cement kiln dust samples
were stored in polyethylene bags and were moved to the
laboratory in order to perform the laboratory analysis
procedures.

2.2.2. Cement Kiln dust preparation

The white and black cement kiln dust samples were air
dried at 105 °C for 24 hours in the laboratory, followed by
grinding with mortar and pestle, and sieved to pass a 2.0 mm
stainless steel sieve and further sieved to pass a 0.15 mm sieve
for the analysis.

2.2.3. Chemical analysis of the cement kiln dust

The chemical analysis of the white and black cement kiln
dust samples was undertaken according to the standard
frequently used methods. Some chemical properties of the white
and black cement kiln dust are shown in (Table 1).

106 of 114

Table 1: Some chemical properties of the white and black
cement Kiln dusts

Chemical properties of CKD Black CKD White CKD
EC (dS m?) 14.28 7.99
o1 (1:2.5 extract) 11.70 6.89

Na* (mg kg% 5.80 3.76
K* (mg kg™) 450 1.09

Soluble

cations Ca* (mg kg™ 1.20 4.51
Mg?* (mg kg'%) 4.20 3.12
CI' (mg kg'%) 55.10 13.00

HCO;5 (mg kg'%) 0.00 0.00

Soluble .2 (mg kg 6.10 4.98

anions

S0O,>(mg kg™t 15.50 4.45

Pb (mg kg®) 15.62 9.73

Heavy Ni (mg kg™ 6.16 3.62
metals Cd (mg kg™ 4.79 2.10

2.3. Soil

2.3. Soil sampling

To environmentally monitor the soil pollution in the two

studied areas, soil sampling was carried out in the Northern,
Southern, Eastern, and Western directions around each cement
factory. Soil samples were collected from four monitoring
points around each cement factory. Each monitoring point
represents the site of each direction around each cement factory.
Soil samples were taken at six different monitoring distances
away from each cement factory; which are: 50 m, 100 m, 500
m, 1.0 km, 5 km, and 10.0 km.
The soil samples were taken from the top soil at the depth of 0.0
— 15 cm wusing a hand auger. The soil samples were
homogenized by the quartering method. The collected soil
samples were stored in polyethylene bags and were moved to
the laboratory in order to perform the laboratory analysis
procedures.

2.3.2 Chemical analysis of the soil

Chemical analysis of the top of soil samples collected from
current studied two areas has been carried out as follows:

1- The soil electrical conductivity was measured in a soil past
extract using the E.C. meter as described by Page et al.
(1982).

2- The soil pH was measured in a soil-water suspension (Ratio
1:2.5) using the pH meter as described by Jackson (1973).

3- Lead, nickel, and cadmium were determined in the digested
solution of soil using the Atomic Absorption
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Spectrophotometer (EAAS) as described by (ISO 11047,
1998)

2.4. Soil pollution risk assessment

Risk assessment of the soil pollution is one of the key
pathways when investigating the risk of white and black cement
kiln dusts on the soil, human health, and surrounding
ecosystem.

The soil pollution risk assessment was performed using the
following 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 of allowable concentrations of certain elements
in the arable soil as proposed by Kloke (1982) from the
Federal Republic of Germany. {Lead(100ppm)-
Nickel(50ppm)- Cadmium(3ppm)}

4-  Guidelines of Indian standards of heavy metals in the soil
as proposed by Awashthi (2000) from India. {Lead (250-
500ppm) — Nickel(75-150ppm) — Cadmium(3-6ppm)}.

5-  Guidelines of allowable limits of heavy metals
concentrations in the soil as proposed by ECDGE (2010)
from Netherlands and proposed by Wang et al. (2012)
from China. {Lead (100ppm) —Nickel(250ppm)-
Cadmium(350ppm)}.

3. Results and discussion

3.1. Quality and management of the white and black
cement kiln dusts

The chemical analysis of the white and black cement kiln
dusts is presented in (Table 1). It is evident from the results in
Table 1 that the white and black CKDs have high values of the
electrical conductivity (7.99 dSm® and 14.28 dSm?,
respectively).

The electrical conductivity value of black CKD was higher than
that of the white CKD.

The white and black CKDs have low value of sodium,
potassium, calcium, and magnesium concentrations. Calcium is
the dominant cation followed by sodium and magnesium cations
in the white CKD, whereas, sodium is the dominant cations
followed by potassium and magnesium cations in the black
CKD.

The white CKD has relatively low value of chloride, sulphate,
and carbonate concentration. However, the black CKD has a
relatively high value of chloride concentration as well as it has
low value of sulphate and carbonate concentration.

The chloride, sulphate, and carbonate concentration of black
CKD was higher than that of white CKD.

The white CKDs was approximately in neutral pH (pH 6.89),
implying that the use of white CKD in the agricultural
applications such as a soil amendment and a fertilizer material
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will not cause a nutritional imbalance in the soil and plants and
will not effect on the surrounding ecosystem.

The black CKD was in the alkaline pH (pH 11.70), suggesting
that the use of black CKD in the agricultural applications such
as a soil amendment and a fertilizer material will cause a
nutritional imbalance in the soil and plants and will effect on the
surrounding ecosystem.

The lead, nickel, and cadmium concentration of black CKD was
higher than that of white CKD. Indicating that the use of white
and black CKDs in agricultural application such as soail
amendment and a fertilizer material will not have toxic effects
on plants, animals, and human health. Consequently, the white
and black CKDs are considered to be safe natural materials in
terms of this concern.

According to the guidelines of ECDGE (2010) and Wang et al.
(2012) the concentration of lead, nickel, and cadmium in the
white and black CKDs is below the allowable limits of lead,
nickel, and cadmium concentration in the soil.

Many researchers have observed that the chemical, physical,
and mineralogical property of the cement kiln dust varies from
one factory to another. These properties of CKD depend on the
kind of raw materials used, type of kiln operation, dust
collection method employed at a particular cement plant, overall
equipment layout, type of cement being used, and type of fuel
used in the plant (Naik et al., 2003; Abd El-Aleem et al. 2005;
and Kunal et al., 2012).

Scianna (2002) pointed out that ions such as Na can influence
the soil chemistry and biology to such a degree as to limit the
plant nutrient availability.

Adaska and Taubert (2008) indicated that because potassium
is the most valuable fertilizer element contained in the dust and
the least desirable element for recycling, CKD with high
potassium contents could be adequately utilized as a fertilizer.
The sodium, potassium, and magnesium concentration of black
CKD was higher than that of the white CKD.

Rahman et al. (2011) indicated that the application of CKD to
the agricultural land can increase the pH of the soils, reduce
function of pH in the soils, and as a result reduce the plant and
root stress.

According to the guidelines of Kloke (1982), and Awashthi
(2000) the concentration of lead and nickel in the white and
black CKDs is below the allowable concentration of lead and
nickel in the arable soil. Cadmium concentration in the white
CKD is below the allowable concentration of cadmium in the
arable soil; however, cadmium concentration in the black CKD
is above the allowable concentration of cadmium in the arable
soil.

3.2. Environmental monitoring and risk assessment of the
soil pollution around the studied two cement factories

3.2.1. Soil salinity build up around the studied two cement
factories
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3.2.1.1 Impact of the white and black cement kiln dusts on
the soil salinity

The electrical conductivity of top soil (0.0-15.0 cm) of

each site of the studied four directions around the RECF and
around the AMCF was decreased by increasing the monitoring
distance from 50 m up to 10 km away from each studied cement
factory as presented in (Table 2) and illustrated in (Figure 1).
The decrease in the soil electrical conductivity may be attributed
to the dilution effect Along the six monitoring points away from
the RECF, the value of soil electrical conductivity ranged from
1.50 dS m™to 3.02 dS m™in each of four directions. However,
along the six monitoring points away from the AMCEF, the value
of soil electrical conductivity ranged from 2.08 dS m™to 3.95
dS m™ in each site of four directions.
The values of soil electrical conductivity in each site of four
directions around the ASEC Minia cement factory were higher
than those of each same site of four directions around the Royal
El-Minia cement factory. One explanation for this result is that
the electrical conductivity value of black cement kiln dust
(14.28 dS m™) was higher than that of the white cement kiln
dust (7.99 dS m™) as given in (Table 1).
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3.2.1.2. Risk assessment of the soil salinity around the
studied two cement factories

It is obvious from the results from Table 2 that at each
monitoring point of each respected monitoring distance away
from the RECF, the electrical conductivity of top soil of each
site of four directions was decreased from the highest to the
lowest in the following descending order: Eastern direction >
Western direction > Northern direction > Southern direction.
According to the guidelines of Scianna (2002), the electrical
conductivity value of top soil of some monitoring points of each
site of four directions around the RECF is within the range of
0.0-20 dS m™ under the salinity class of “non- saline”,
indicating that these sites are classified as non-saline sites (safe
soil salinity sites). Therefore, the electrical conductivity value of
top soil of these sites has no salinity hazard. While, the
electrical conductivity value of top soil of other monitoring
points of each site of four directions around the RECF is within
the range of 2.0-4.0 dS m™ under the salinity class of “very
slightly saline”, Scianna (2002) reported that even soils
classified as “slightly saline” are marginally acceptable for
many crops.

Table 2: Effect of the white and black cement kiln dusts on the soil salinity (EC, dSm™) around the studied two cement factories

Factori Direction Distances
actories ections 50m 100m 500m  10km 5 km 10km _ Mean
Northern 3.00 250 2.20 2.80 1.90 1.80 237
T =
£59 Southern 3.02 254 250 1.99 1.90 1.50 2.24
=80
mE Eastern 2.89 2.88 2.89 2.70 1.98 1.95 255
— c =
@ D
3E § Western 2.99 2.80 2.80 2.20 1.99 1.99 2.46
x o
Mean 2.97 2.68 2.60 2.42 1.94 1.81
2, Northern 3.95 3.80 3.75 3.20 278 2.10 3.26
(<5}
§ g Southern 3.98 3.81 3.72 3.22 275 2.15 3.27
c ==
£80 Eastern 3.92 378 3.70 3.25 2.70 2.08 3.24
=20
o2 Western 3.92 377 3.68 3.26 2.70 213 3.24
©
)
< Mean 3.94 3.79 371 3.23 273 212

EC s it

Figure 1: Spatial distribution of the mean value of soil EC around the two cement factories
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The lowest value of soil electrical conductivity (1.50 dS m
') was obtained in the site of Southern direction around the
RECF at a monitoring distance of 10 km away from each
studied cement factory.
In contrary, the highest value of soil electrical conductivity
(3.95 dS m™) was recorded in the site of Northern direction
around the AMCF at a monitoring distance of 50 m away from
each studied cement factory.

3.2.2. Soil P" around the studied two Cement Factories

3.2.2.1. Impact of the White and Black Cement Kiln Dusts
on the soil P"

The soils were all approximately in the neutral PH in each
site of four directions across the six monitoring distances away
from the RECF. While, the soils were ranged approximately
between the natural PH and alkaline P in each sites of four
directions along the six monitoring distances away from the
AMCEF as shown in (Table3).

The P" of top soil of each site of four directions around the
RECF was slightly decreased due to increasing the monitoring
distance from 50m up to 10km away from the RECF. Moreover,
the PH of top soil of each site of four directions around the
AMCF was decreased when the monitoring distance was
increased from 50m up to 10km away from the AMCF. The
decreased in the soil P" may be explained by the dilution effect.
Across the six monitoring points away from the RECF, the
value of soil PH ranged from 7.07 to 7.17 in each site of four
directions. Whereas, across the six monitoring points away from
the AMCEF, the value of soil P" ranged from 7.15 to 7.95 in each
site of four directions.

There were slightly differences in the value of soil P™ between
the points of six monitoring distances away from the RECF,
however, there were the points of six monitoring distances away
from the AMCEF. In addition, there were slight differences in the
value of soil P™ between the four directions around each studied
cement factory.
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The values of soil P" in each site of four directions around the
ASEC Minia cement factory were slightly higher than those of
each some site of four directions around the Royal El-Minia
cement factory. This result may be interpreted by that the P"
value of black cement kiln dust (11.70) was higher than that of
the white cement kiln dust (6.89) as presented in (Table 1).
Rahman et al. (2011) pointed out that the application of CKD
to agriculture land can increase the PH of the soils, reduce
function of PH in the soils, and as a result reduce plant and root
stress.

3.2.2.2. Risk assessment of the soil P™ around the studied
two cement factories

Regarding the risk assessment of soil P around the studied
two cement factories, all the values provided in (Table 3) were
compared with the guidelines for the soil P" classes proposed by
Scianna (2002). According to the guidelines of Scianna (2002),
the P value of top soil in each site of four directions around the
RECF is within the range of 6.6-7.3 under the P" class of
"neutral” indicating that these sites are classified as neutral P"
sites (safe soil P" sites). Consequently, the P value of top soil
of these sites has no alkalinity hazard.

The P" value of top soil of some monitoring points of each site
of four directions around the AMCEF is within the range of 7.4-
7.8 under the P" class of "slightly alkaline”. Suggesting that
these sites are classified as slightly alkaline P" sites. While, the
PH value of top soil of other monitoring points of each site of
four directions around the AMCEF is within the range of 7.9-8.4
under the P class of “moderately alkaline”, indicating that
these sites are classified as moderately alkaline P" sites.

The lowest value of soil P" (7.07) was obtained in the site of
Eastern directions around the RECM at two monitoring
distances of 5.0 km and 10 km as well as in the site of Western
directions around the RECM at a monitoring distance of 1.0 km.
Therefore, the P" value of top soil of these sites has no
alkalinity hazard.

Table 3: Effect of the white and black cement kiln dusts on the soil p around the studied two cement factories

Distances
Factories Directions
50 m 100 m 500 m 1.0 km 5 km 10 km
Northern 7.17 7.15 7.13 7.09 7.09 7.08
228
S ov
S g S Southern 7.15 7.15 7.12 7.10 7.10 7.09
mipeis
= S '% Eastern 7.16 7.14 7.13 7.11 7.07 7.07
> E
[ShT ;
xo< Western 7.15 7.15 7.14 7.07 7.08 7.08
- Northern 7.93 7.84 7.72 7.50 7.32 7.15
s 58
£50 Southern 7.9 7.85 7.72 7.50 733 715
= ¥
U -
u é % Eastern 7.93 7.81 7.71 7.52 7.30 7.18
<om
e~ Western 7.95 7.84 7.75 7.49 7.35 7.17
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In contrast, the highest value of soil P" (7.95) was recorded in
the site of Western direction around the AMCM at a monitoring
distance of 50m away from studied cement factory. The highest
values of soil PH may be because of its probable source from
the carryover of cement kiln dust emitted from the RECM and
AMCM since the monitoring point at 50m is very close to each
studied cement factory.

3.2.3. Lead in the soil around the studied two cement
factories

3.2.3.1. Impact of the white and black cement kiln dust on
the spatial distribution of lead in the soil

The lead concentration in the top soil of each site of four
directions around the RECF and around the AMCF was
decreased as a result of increasing the monitoring distance from
50m up to 10km away from each studied cement factory as
presented in (Table 4) and illustrated in (Figure 2). The
decrease in the lead concentration in the soil may be due to the
dilution effect since lead origination from the cement kiln dust
of industrial activities.
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It can be seen from the results in (Table 4) that considerable
differences in the value of lead concentration in the soil were
noticed between the points of six monitoring distances away
from the RECF and AMCF. Whereas, slight differences in the
value of lead concentration in the soil were observed between
the four directions around each studied cement factory.

At each monitoring point of each respected monitoring
distances away from each studied cement factory, the values of
lead concentration in the soil of each site of four directions
around the ASEC Minia cement factory were higher than those
of each same site of four directions around the Royal ElI-Mnia
cement factory. This result may be explained by that lead
concentration value of black cement kiln dust (15.62 mgkg™)
was higher than that of the white cement kiln dust (9.73 mgkg™)
as listed in (Table 1).

3.2.3.2. Accumulation and risk assessment of the lead

concentration in the soil around the studied two
cement factories

It is evident from the results in Table 4 that the lead

concentration in the soil of each site of four directions around

Table 4: Effect of the white and black cement kiln dusts on the spatial distribution of lead in the soil around the studied two cement factories

Distances
Factories Directions
50m 100m 500m 1.0 km 5 km 10km Mean
© Northern 5.40 3.50 1.80 1.10 0.70 0.10 2.10
S >7
-‘25 é 5 Southern 5.60 3.40 2.00 1.80 0.75 0.12 2.28
T (O
i E ,“_J Eastern 544 335 210 1.50 0.72 0.10 2.20
% % % Western 5.50 3.30 1.99 1.10 0.69 0.09 2.11
X oo
Mean 5.49 3.39 1.97 1.38 0.72 0.103
Northern 6.54 5.43 2.02 1.50 0.75 0.14 2.48
>0
2 g X Southern  6.60 540 250 1.53 0.76 015  2.82
(]
3 E 5 Eastern 6.69 5.54 2.70 1.80 0.79 0.15 2.95
w
2 g i Western 6.68 5.50 2.67 1.78 0.80 0.17 2.93
)
Mean 6.63 5.47 2.47 1.65 0.78 0.15

Lead |mgkg |

Figure 2: Spatial distribution of the mean value of soil Pb around the two cement factories
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the RECF was decreased from the highest to the lowest in the
following descending order: Southern direction>Eastern
direction>Western direction>Northern direction. However, the
lead concentration in the soil of site each four directions around
the AMCF was decreased from the highest to the lowest in the
following descending order: Eastern direction>Western
direction>Southern direction>Northern direction.

Concerning the risk assessment of lead concentration in the soil
around the studied two cement factories, all the values shown in
Table 4 were compared with the international guidelines for the
allowable limits of heavy metal concentration in the soil.

All the values shown in (Table 4) were compared with the
tested guidelines of Kloke (1982), Awashthi (2000), ECDGE
(2010), and Wang et al. (2012). The values of lead
concentration in the top soils are below the allowable
concentration of lead in the arable soil. Indicating that no there
is obvious lead pollution in the top soils. Therefore, each site of
the four directions around the RECF and AMCEF is still in a safe
lead level.

The lowest value of lead concentration in the soil (0.09 mgkg™)
was obtained in the site of Western direction around the RECF
at a monitoring distance of 10 km away from cement factory.
The lowest values of lead concentration in the soil may be
explained by dilution effect because of the very long distance
(10 km) between the monitoring point at a distance of 10 km
and each studied cement factory.

According to the international guidelines the site of Western
direction around the RECF and the site of Northern direction
around the AMCF at a monitoring distance of 10 km are
classified as safe lead level sites.
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On the other hand, the highest value of lead concentration in the
soil (6.69 mgkg™) was recorded in the site of Eastern direction
around the AMCEF at a monitoring distance of 50m away from
cement factory. The highest values of lead concentration in the
soil may be as a result of the carryover of cement kiln dust
emitted from the RECF and AMCEF since the monitoring point
at a distance of 50m is very close to each studied cement
factory.

3.2.4. Nickel in the soil around the studied two cement
factories

3.2.4.1. Impact of the white and black cement kiln dusts on
the spatial distribution of nickel

The nickel concentration in the top soil of each site of four
directions around the RECF and around the AMCF was
decreased with increasing the monitoring distance from 50m up
to 10 km away from each studied cement factory as provided in
Table 5 and illustrated in (Figure 3). The decrease in the nickel
concentration in the soil may be attributed to the dilution effect
since as the monitoring distance becomes long, the
anthropogenic emissions such as the cement kiln dust coming
from the RECF and AMCF become low.

Across the six monitoring points away from the RECF, the
value of nickel concentration in the soil ranged from 1.28 mgkg’
! to 2.61 mgkg™ in each site of four directions. Whereas, across
the six monitoring points away from the AMCEF, the value of
nickel concentration in the soil ranged from 1.94 mgkg™ to 3.48
mgkg™ in each site of four directions. It can be observed from
these results that the top soils contained low concentrations of

Table5: Effect of the white and black cement kiln dusts on the spatial distribution of nickel in the soil around the studied two cement factories

Distances
Factories Directions
50m 100 m 500m 1.0km 5 km 10 km Mean
Northern 2.50 2.00 1.69 1.50 1.44 1.43 1.76
S >8
ES¥ Southern 2.61 2.10 1.68 1.48 1.33 1.32 1.75
=80
i “é E Eastern 2.61 2.50 1.98 1.80 1.30 1.28 1.91
T T =
Dc? % % Western 2.55 2.12 1.50 1.48 1.36 1.33 1.72
Mean 257 2.18 1.71 157 1.36 1.34
= Northern 3.48 3.10 3.01 2.56 2.10 1.95 2.70
D ¥
§ 2 Southern 3.45 3.12 3.02 2.61 2.10 1.95 2.71
c ==
= Q Eastern 3.47 3.10 3.07 2.62 2.12 1.94 2.72
S 20
Q % Western 3.47 3.13 3.06 2.60 2.13 1.95 2.72
)
<

Mean 3.47

3.11 3.04 2.60 211 1.95
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Nickel mgkg ']

Distances fromthe

factory site m

Figure 3: Spatial distribution of the mean value of soil Ni around the two cement factories

nickel in each site of four directions around the RECF and
AMCEF. Nickel is highly distributed in each site of four
directions around each studied cement factory.

It is clear from the results summarized in (Table 5) that there
were considerable differences in the value of nickel
concentration in the soil between the points of six monitoring
distance away from the RECF and AMCF. While, there were
slight differences in the value of nickel concentration in the soil
were noticed between the four directions around each studied
cement factory.

At each monitoring point of each respected monitoring distance
away from each studied cement factory, the values of nickel
concentration in the soil of each site of four directions around
the ASEC Minia cement factory were higher than those of each
same site of four directions around the Royal EI-Minia cement
factory. One interpretation for this result is that the nickel
concentration value of black cement kiln dust (6.16 mgkg™) was
higher than that of the white cement kiln dust (3.62 mgkg™) as
shown in (Table 1).

3.2.4.2 Accumulation and risk assessment of the nickel
concentration in the soil around the studied two
cement factories

Regarding the risk assessment of nickel concentration in
the soil around the studied two cement factories, all the values
listed in (Table 5) were compared with the used guidelines of.
The values of nickel concentration in the top soils are below the
allowable limit of nickel concentration in the soil implying that
there is no evident nickel pollution in the top soils. The nickel
concentration in the top soils has no risk, do not make a
concern. Consequently, each site of the four directions around
the RECF and AMCEF is still in a safe nickel level.

According to the used guidelines, the site of Eastern direction
around the RECF and AMCF at a monitoring distance of 10 km
is classified as safe nickel level site.

In contrary, the highest value of nickel concentration in the soil
(3.48 mg kg™) was recorded in the site of Northern direction
around the AMCF at a monitoring distance of 50 m away from
each studied cement factory.

The highest values of nickel concentration in the soil are below
the allowable concentration of nickel in the arable soil

according to the used guidelines. Thus, the site of Southern and
Eastern direction around the RECF and the site of Northern
direction around the AMCEF at a monitoring distance of 50 m are
classified as safe nickel level sites

3.2.5. Cadmium in the soil around the studied two cement
factories

3.2.5.1. Impact of the white and black cement kiln dusts on
the spatial distribution of cadmium in the soil

The cadmium concentration in the top soil of each site of
four directions around the RECF and around the AMCF was
decreased when the monitoring distance was increased from
50m up to 10 km away from each studied cement factory as
shown in (Table 6) and illustrated in (Figure 4).

Along the six monitoring points away from the RECF, the value
of cadmium concentration in the soil ranged from 0.02 mgkg™
to 1.80 mgkg-1 in each site of four directions. However, along
the six monitoring points away from the AMCF, the value of
cadmium concentration in the soil ranged from 0.01 mgkg™ to
2.91 mgkg™ in each site of four directions. It is appeared from
these results that the top soils contained low concentration of
cadmium in each site of four directions around the RECF and
AMCF. Cadmium is highly distributed in each site of four
directions around each studied cement factory.

It is obvious from the results listed in (Table 6) that there were
considerable differences in the value of cadmium concentration
in the soil between the points of six monitoring distances away
from the RECF and AMCF as well as between the four
directions around the RECF. Whereas, there were slight
differences in the value of cadmium concentration in the soil
between the four directions around the AMCF.

At the monitoring point of the respected monitoring distances of
50m, 100m, and 500m away from each studied cement factory,
the values of cadmium concentration in the soil of each site of
four directions around the ASEC Minia cement factory were
higher than those of each same site of four directions around the
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Royal El-Minia cement factory. This result may be explained by
that the cadmium concentration value of black cement kiln dust
(4.79 mgkg™) was higher than that of the white cement kiln dust
(2.10 mgkg™) as given in (Table 1).

3.2.5.2. Accumulation and risk assessment of the cadmium
concentration in the soil around the studied two
cement factories

The cadmium concentration in the soil of each site of four
directions around the RECF was decreased from the highest to
the lowest in the following descending order: Northern
direction> Eastern direction> Western direction> Southern
direction. While there were slight differences in the mean value
of cadmium concentration in the soil were noticed between the
four directions around each studied cement factory.
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Considering the risk assessment of cadmium concentration in
the soil around the studied two cement factories, all the values
presented in Table 6 were compared with the used guidelines.
The values of cadmium concentration in the two soils are below
the allowable concentration of cadmium in the arable soil.
Therefore, each site of the four directions around the RECF and
AMCEF is still in a safe cadmium level.

It can be noticed from the results in Table 6 that the lowest
value of cadmium concentration in the soil (0.01mgkg™) was
obtained in the site of Northern direction around the AMCF at a
monitoring distance of 10 km away from cement factory.

On the other hand, the highest value of cadmium concentration
in the soil (2.91 mgkg™) was recorded in the site of Eastern
direction around the AMCF at a monitoring distance of 50m
away from studied cement factory.

Table 6: Effect of the white and black cement kiln dusts on the spatial distribution of cadmium in the soil around the studied two cement factories

. o Distances
Factories Directions
50 m 100 m 500 m 1.0km 5 km 10 km Mean

Northern 1.80 1.69 1.12 0.90 0.30 0.10 0.99

Southern 1.50 1.15 0.88 0.10 0.09 0.05 0.63
)
S % 5 Eastern 1.55 1.18 1.00 0.80 0.09 0.04 0.78
- .,,‘E w
Tui § = Western 1.59 1.40 0.99 0.50 0.07 0.02 0.76
>c <
A 3 5 Mean 1.61 1.36 0.99 0.58 0.14 0.05
- Northern 2.90 2.40 1.50 0.12 0.05 0.01 1.16
c
£ v Southern 2.89 2.40 144 013 0.07 0.02 1.16
o O
-g i Eastern 291 2.45 151 0.15 0.07 0.03 1.19
=m
E ~
O ga Western 2.90 2.40 151 0.12 0.05 0.02 1.17
Hesv
<& 0 Mean 2.90 241 1.49 0.13 0.06 0.02

-— R E —.-—-
Distances fromfactory site,m

Figure 4: Spatial distribution of the mean value of soil Cd around the two cement factories
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The highest values of cadmium concentration in the soil are
below the allowable concentration of cadmium in the arable soil
according to the used guidelines. Thus, the site of Northern
direction around the RECF and the site of Eastern direction
around the AMCF at a monitoring distance of 50 m are
classified as safe cadmium level sites.
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