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ABSTRACT

Levels of total amounts of heavy metals (As, Cd, Cu, Cr. Ni, Hg and Zn) have
been measured in both soil and air samples in the vicinity of electric power station
{EPS) at Sidi Kirayer, west of Alexandria, to assess the quality of soil and air al this
area. The chemical fractions of these metals in soils has been measured. The nsk
assessment has been camied out to define the impact of the present levels of hese
metals on human health.

The analytical data showed that the air of the studied area is highly poliuted
by Cr, Cd and Cu as compared with the unpolluted air.

The results indicated that there were marked decreases in the levels of
metals with the distance from the electric power station (EPS). The highest recorded
levels of total As, Cd, Cu, Cr, Ni, Hg and Zn were found in the soil of the upper layer
{0-25cm) of site No. 1 and were, on the average, 0.5, 1.4, 1.8, 3.5, 6.4, 0.9 and 58
mg/kg soil, respectively. The results also indicated that most of metals are
accumulated in the surface soil layer and the downward mobility of metals in the soil
profile is negligible. The lowest recorded levels of total metais in soils were found in
the deepest layer (50-100 cm) of site No. 4 and were 0.008, 0.11, 0.085, 0.08, 0.5,
0.03 and 10.5mg kg-1 scil for As, Cd, Cu, Cr, Ni, Hg and Zn, respectively, These
value are considered the background levels of total metais in the siudied soil. The
metals fractionation of the studied soils showed that most of Cd, Ni and Zn occurred in
the carbonate fraction, while Cu and Cr occurred in the organic and sulfide fraction,

Risk assessment of heavy metals in air and soil indicated that the inhalotion
pathway is the most effective for carcinogenic hazardous metals. Cadmium was the
highest regarding the non-carcinogenic effects which had Health quoetion of 80 in air.
On the other hand, chromium was the highest among the measured carcinogenic
metals in this work. The risk estimated, due to the recorded Crlevel, was 53.040
cases per millien.

INTRODUCTION

In spite of the recent increase in awareness and coencern with respect
lo the industrialized countries, contaminated land is weil recognized problem.
In developing countries, this problem has eary begun to recognize as a
potential issue. Land contamination can have seriocus consequences both to
the environment and to human health. It can hinder future land use, such as
residential development or agriculture projects. There are two types of land
contamination, “site” and “diffuse”. The first type is the result of direct
introduction of contaminants into soil from a point source. The second type
results from indirect transfer of contaminants to soil and affects large scale
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(Pacyna, 1987, Migon and Caccia, 1990, Jaffe et a/., 1993, Elsokkary, 1896;
and Van den Hout ef al., 1999).

Atmospheric fluxes of contaminanis, from coal and oil combustion
and from electric power stations, emit several pollutants, especiaily those
being easily volatile such as As, Cd, Pb and Hg (Pacyna, 1987 and Garty et
al., 1998). As a result, atmospheric deposition of chemicals such as heavy
metals {Pb, Cu, Ni, Zn & Cd} and aliphatic and aromatic hydrocarbons (Jaffe
et al, 1993 and van den Hout et al., 1999) are important sources of pollutants
in the environment.

Heavy metals, particularly Cd and Cr in the soils, were intensively
studied by several workers because of their long resistance time and its
potential toxicity to the ecosystem. Heavy metals storage and remobilization
are key areas of inquiry in furthering our understanding of pollution potential,
possible human health effects, and ecological system disturbance.

Based on accumulation mechanism of heavy metals in sediments,
metals in soil can be classified into five categories: (i) water soluble and
exchangeable, (i) bound to carbonate, (iii) bound to Fe and Mn oxides, (iv)
bound to organic matter and suifides, and (v) residual or lattice metals
(Tessier et al., 1979, Elsokkary, 1992 and Ma and Rao, 1997).

Environmental health risk zssessment or heaith impact assessment,
as it is coming to be known, is increasingly being used to develop the
environmentai health policy and to assist the decision makers by providing
estimates of health effects, In the past decade, varieties of efforts have been
undertaken to extend the use of this techniques (Larissa et af, 2001).
Decision makers receive valuable information about the relative magnitude of
risk assessment, sources of risk and population at risk. 1n this work, risk
assessment is included and emphasized the expected health impacts on
population in the vicinity of the power station from the air emission and from
soil exposure.

The objectives of this study, there fore, were to (i} evaluate the total
concentration levels of heavy metals in the soils and air at Sidi Kirayr, located
west of Alexandria City, as influenced by the atmospheric deposition from the
Electric Power Station in the area, (ii) investigate the chemical fractionation of
metals in soils and, {ii) carry out risk assessment of these metals in air and
soil of this area.

MATERIALS AND METHODS

1. Studied area

The area surveyed is located west of Alexandria city, at Alexandria
Mersa Matrouh road, and about 29 Km from Alexandria city centre (Fig. 1).
The soil of this area is influenced by emission of metals from the electric
power Station (EPS) of Sidi Kirayr which is located at the Mediterranean sea.
This station was constructed in 1988 and the coal and mazout is being the
source power. The studied area is extending south and south-east the EPS
and planned to be a residential area (housing and gardens) for the staff
members of the EPS. This area comprises a flat coastal plain. The soil
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formation reflects the marked influence of its arid climatic conditions. It has
developed from highly calcareous parent material with column ranges
between 25 to 120 cm thick and therefore the depth of leaching is limited.
The accumulation of organic matter in the surface horizon is very small and
ranging between 0.19 and 0.81 %. The morphological characteristics of the
soils show the presence of calcic and gypsum horizons (Abd El-Rahman ef
al, 1987). The main land use of this area is cultivation of fig trees and is
planned to be small house gardens and housing.

2. Sampling program
2.1, Air sampling

The air sampling method was designed to collect atmospheric
particles in a form suitable for heavy metals analysis. A site at 500m to the
south east downwind the electric power station was selected to collect the
aercsol sample. These samples were collected using a volume samplers type
L-2SF, MK3 from Rotheroce & Michael, with a fiber glass filter paper (47mm
in diameter) at a flow rate 100 I/min for 24 hrs. The inlet manifold, of volume
sarnpler, was two meters height of the ground surface. Suspended particulate
matter, in the ambient air, is sampled at standard temperature and pressure
(Garland and Nicholson, 1921). Sampling period were approximately 24 hrs.
The flow was measured at the beginning and at the end of each sampling to
obtain an average flow rate. The site was sampled five times (five successive
days) and all sampling have been conducted in summer.
2.2, Soil sampling
Surface (0-25cm) and subsurface (25-50cm) and (50-100¢cm) soil samples
were collected from selected sites (7sites) at different distances from the
“EPS" as shown in Fig. 1. Sixty five samples have been coliected
representing these 7 sites. The soil samples were air-dried and ground in
wooden mortar and passed through 2mm sieve and stored for analysis.
Subsamples of soils were finely ground for the determination of total heavy
metals contents in soils, and for chemical fractionation.

3. Sample analysis
3.1, Airanalysis

Analysis of heavy metals in air samples: The fiber glass filter paper
was placed in a dessicator for 48hrs then its weight was measured. For the
determination of the concentration of total Cd, Pb, Ni, Cr and Zn, after
sampling the pre-weighed filter paper was treated with one mi concentrated
Hydrofluoric acid then 10ml concentrated nitric acid and Sml perchloric acid
and warmed for Shrs. To complete the digestion process, the matrix was
digested three times and the sample was evaporated to dryness. The
residues were dissolved in 1% nitric acid, cocled, filtered and made to 50mlin
a volumetric flask with glass double-distilled water. A blank filter paper was
similarly digested and the same procedure was carried out. The
concentration of heavy metals were measured by an atomic absorption
spectrophotometer (Tripathi, 1994).

6489



Shalaby, EI. A. and l. H. Saleh

3.2. Soil analysis

The determinations of the main chemical and physical
characteristics of the soils were carried out according to the methods outlined
by Page ef al. (1982) and presented in Table 1.
The totat amounts of heavy metals were determined after digesting 5.0 grams
of soit with HNQ,/HCIO, acids and filtrated through Whatman filter paper No.
42 (Page et al, 1982). The concentrations of heavy metals were measured
by atomic absorption spectrophotometer using hydrogen lamp for matrix
correction.

The chemical fractionation of heavy metais was carried out according
to the method outlined by Tessier et al. (1979) and Elsokkary {1992) as
follows; 10 grams of soil were placed in 50ml PVC centrifuge tube and
successively extracted with different chemicals to obtain the following metal
fractions: (i) water soluble pius exchangeable (extraction with NaOAc pH 8.2,
2 hrs shaking). (ii) carbonate-bound (the residue from ext. No i, was extracted
with NaOAc pHS for 30 min shaking, three successive extractions), (iii) Fe-
Mn-bound (the residue from ext. ii was extracted with NH, OH-HI, pH 3 by
HOAc, 3hrs Shaking, (iv) Organic and sulfide-bound (the residue from ext,
No. iii was extracted with 30% H,0,+0.02M HNO;, pH 2, at 85°C intermittent
agitation for 3 hrs, then extracted with NH,OAc pH 2 by HNO,) {v} Residual
(the residue from ext. No. iv was digested with HNO./HCIQ, acids. After each
successive  extraction, separation was carried out by centrifuge, the
supernatant was taken carefully for the measurement of metal concentration
by AAS.

Table 1: The main chemical and physical characteristics of the soils of
the studied area {(range values).

Soil Depth, Cm

Soll parameter 535 25- 50 50 = 100
EC {(dS/m)* 0.80-0.84 1.30-1.46 1.20-1.80
pH* 8.20-8.50 8.40-8.40 8.10-8.30
Total CQ3 (%) 38.00 - 96.00 28.00 - 80.00 50.00 - 57.00
O.M. (%) 0.10-0.29 0.12-0.65 0.16 - 0.59
Particle Size:

Sand (%) 85.0-94.0 72.00 - 96.00 50.00 - 86.00

Sit (%) 2.00-11.00 2.00-18.00 8.00-23.00

Clay (%) 5.00 - 8.00 6.00 - 14.00 8.00 - 20.00
Soil texture loamy sand sand clay loam sand clay loam

* In 4:1 Soil - Water extract.
** 4: 2.5 Soil - Water suspension.

4. Health Risk Assessment (HRA)

In the present study, HRA was carried out for heavy metals in air and
in soil in the area under investigation. HRA was preformed according to US
EPA, (1991). The 4-steps method invoives the following to carry out the risk
assessment:

1- Mazard identification; this is concerning with the health problems which are

caused by the pellutant.
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2- Exposure assessment; this is concerning with the amount of the pollutant
reaching the peopie through inhalation pathway.

3-  Dose-response assessment which represents the effects of poliutants on
health. The non-cancer chronic effects were evaluated using the
Reference Exposure Levels (REL) which is defined as an estimate of a
daily exposure to human population that is likely to be without appreciable
risk of deleterious effects. It is derived from non or low adverse effect level
from human or animal exposure to which safety factors are applied. For
cancer effects, the cancer potency factor was used; it is defined as the
upper bound probabitity cancer cases occurring in an exposed population
assuming a lifetime exposure when the chemical dose is expressed in
exposure units of mg/kg.day. The average concentration of investigated
substances in addition to their REL and cancer potency factors are used
to perform HRA (OEHHA, 1991a, 1991b)

4- Risk characterization, in this step, is the heaith effect of non-carcinogenic
and is expressed in “Health Quotient (HQ)" which is defined as the ratio of
single contaminant exposure level over a specific period to the REL or
RfC. The carcinogenic effects were expressed using the expected number
of cancer cases per million of exposed population.

RESULTS AND DISCUSSION

1. Main soll characterictics

Data in Table 1 show that the studied soils are highly calcareous
containing high leveis of total carbonate especially in the surface layer (0-
25m) which decreased with soil depth. The pHs of the ssils are higher than
8.0. On the other hand, the salinity is almcst low in the surface soil fayer and
increases with soil depth, In addition, the organic matter contents in soils are
generally low. The textures of the investigated soils are generally in the range
of loamy sand, in the surface soil layer, and in the range of sandy clay loam,
in the subsurface layer (Table 1). According to Abd El-Rahman et al., (1987},
these soils consist of loose and calcareous oolitic of medium to coarse sand
size of marine origin and almost free from soluble salts with CaCO; over
90%.

2. Heavy metals in amblent air

The levels of heavy metals in the suspended particulate matter of the
ambient are presented in Table 2. The results indicated that metals
concentrations levels are very high compared to these of unpoliuted air of the
Antarctic as reported by Puxbaum {1999) for Cd, Cu, Cr, Niand Zr which
were 0.01, 0.012, 0.011, 0.03 and 0.11pg/m®. It could be suggested that the
electric power station (EPS}) is considered the main source of these metals in
the ambient air. These metals are supposed to be carried by suspended
particulate matter, part of them are deposited locally near by the (EPS) and
the remaining are transported for a longer distances {Davidson and Osborn,
1986, Pacyna, 1987 and Van den Hout ef al., 1999).
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Table 2: Levels of heavy metals {ug/m3) in the ambient alr at Sidi
Kirayer area 500 m downwind the Electric Power Station.

Concentration pg/m,

Sample No Site description Cd Cu Cr Ni 7n
[1 . . 11 | 300 | 275 [ 1.85 | 25
5 The site is located .
2 1500m to the south east—r2 05 1 2.75 | 185 | 25
3 . | 1.0 | 300|270 | 180 | 24

downwind the Electric

4 Power Station 11 | 295 (270 | 185 | 23
5 11 1 3.00 [ 270 | 1851 24

Taking into consideration the background levels of metal
concentration in  Antarctic air (Puxbaum, 1999) and calculating the
enrichment ratio of metal, it is clear that the air of the studied site is highly
polluted by metais (Table 3). it is clear that the air is highly polluted by Cu, Cr
and Cd. The magnitude of air pollution by metals can be arranged, according
to the values of enrichment ratio (ER),in the order. Cu = Cr> Ca> Ni> Zn.

Table 3: Values of the enrichment ratlo {ER) of metals in the air of the
studied site. o
Sample No Cd| Cu Cr Ni Zn
1 110 250 250 61.7 227
2 120 | 254 250 61.7 225
3 100 | 250 246 60.0 21.8
4
5
B

110] 246 246 61.7 | 209
110 250 246 61.7 | 218
ackground levels(Puxbaum, 1999)[0.01] 0.012 | 0.011 | 0.03 | 0.11

3. Heavy metals in soil
Total amount:

Data in Table 4 show marked decrease in the totat amounts of heavy
metals in soil with depth. This indicates that most of metals are accumulated
n the upper soif l[ayer (0-25 cm) and its mobility downward in the soil profile is
very limited. This is attributed to both high pH and high total carbonate in the
soils (Alloway, 1995). The amounts of total metal in soils varied from site to
another according to proximity from the emission source of Sidi Kirayr Electric
Power Station (EPS).

Haiyan and Stuanes (2003) found that heavy metals accumulated
mainly in the topsoil with little downward movement in polluted Chinese soils.

Source of metal pollution:

It is obvious that coal and oil are the main fossil fuels used to
oroduce electricity. Also, it is well known that coal and cil power plants create
serious environmental hazardous due to the emission of pollutants such as
As, Cd and Hg through combustion (van den Hoat ef a/., 1999). It is reported
that the total amount of As, Cd and Hg in coal and crude oil are within the
range 0.34-130, 0.01-300.0, and 0.01-1.6 mg kg™ coal and within the range
0.0024-1.63, 0.03-2.10, 0.014-30.0 mg kg™ crude oil, respectively (Pacyna,
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1987). This points out to high possibility of soil poilution by metals emitted
from the Electric Power Station (EPS). Considering the votatifity of As, Cd
and Hg compounds which are condensed on small padicies in the flow gas
stream, from high temperature source, these metals can be transported over
long distance up to 3 km. Itis reported that from the total emitted metals; 5-
11% is locally deposited (Pacyna, 1987). According to Davidson and Osborn
{1986) and Pacyna (1987), the rate of metal transport is related to metal-
mass medium diameter which can be arranged in the order Hg > As > Zn =
Ni <« Cu < Cd < Cr. This points out to the magnitude of different metals
transported in the atmosphere. As a result, local deposition of Hg is the least
and that of Cr is the highest.

Table 4: The range and average values of total contents of heavy metals

in soils {mg kg").
SiteNo, | Soll depth,cm As Cd Cu Cr Ni Hy In
00-25 0.4-06 0.2-2.25 0662 3238 58-7.0 0.8-1.9 27-75
08 | 09 | o8 | @8 | 64 | 08 | 8
4 25.50 0.1-0.3 0.25-2.25 0.6-1.5 0.4-1.9 3584 0118 17-61
©18 | 09 | 09 , ©on | ¢8 | ©8) | (5o
50-100 00i-004 | 01-0.75 ] 005-1.85 | 04-0.75 1.0-26 1005012 12-56
0025 | 024 | (080) | w055 | 07 | ©008) | (a8
00-25 0.3.05 0.2-2.5 13553 094.0 1.4.78 [ 01918 | 250-30.5
©4) | 09 | @3 | (8 | (346 | @88 | [0
2 25-50 0.08-0.20 | 0.1-0.25 0.32.13 0408 1.0-1.8 |004-015] 70230
10 | 015 | o8 | ©s | ay | ©009) | (28
50-160 Z - - - - = =
r (0.020} (0.1) ©08 { (2
00-25 0.18-030 | 0.5-1.25 0.71-23 04472 14.90 | 01515 | 350-45.0
{0.24) (0.55 (1 1) (1.5) 09 | ©sn | ooy
3 25-50 0.04.0.10 |0.25-0.27| 0.71-0.85 - 1.4-1.5 ]0.04-0,10| 70-22.0
©on | wes | (sy (a8 | @on | (s
£0-100 - - -~ - - - -
en_| ©n | ©n | o | i | oy | o
Q0-25 0.1-0.20 0515 31813 5870 1.1-85 | 0.10-1.0 7.0-81.0
©15 | (an | @y | ©e_ | @35 | s5 | (553
4 25-5Q 0.02-008 0.3-0.6 0.9-14.0 0.1-3.1 1.1-1.8 (0.04-0.08 1517
©oh_| (046) | 03 | (& | g7 | o | (58
50-100 0.004-0.012 0.1-012 | 0.08-0.09 - 0.3-0.7 10.02-004 813
(©008) | (1) | ©085) | 008 | ©5 | (003 | (03
00-25 0 06-0.1 0.5-1.7 0.6-35 0.4-1.0 1.1-6.3 | 0.08-0.4 7.0-83.0
008 | 0% | @y | o9 | @y | 020 | (4
5 25-5Q 0.01-0.04 0.4-0.55 0.7-0.8 {0.4) 1255 (0.04-0.06 12-13
©0.025) | (0.45) {0.75) @31 | ©os) | (25
50.100 Z o - - - 310
L (0.005) {0.08) (055 | ©009) | (0.5
00-25 0.05-0.09 0.4-05 0.8-11 - 0.9-3.0 |0.04-0.10 17.34
' 10.07) (0.45) {0.55) (198 | (007) | (255
5 25-50 0.01-0.04 0405 0.06-0.08 - 0.6-1.5 |0.03-005| 7.2-12.2
©.025) | (0.45 | (0.075) (.9 | ©04 | (82
50-100 - 0.08-0.1 0.08-0.07 - 06135 - 7-9
| ©00) | (©.085) | (0.055) (1) | oom | g
o025 0.04.0.09 0305 1823 - 2.0-22 1004.008 55-80
{0.06) {0.4) {2.08) 21 | o5 | (66.5)
7 25-50 001.004 0.1-0.33 006-0.9 - 09-3.0 (002.Q.03( 7.0-42.7
©on | 21 | (0085 (195 | (0.02) | (2430)
50700 PP E - - = - =
008 | oy | @07 | on loms| @
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It is also obvious that metals can reach the seil from the atmosphere
by dry deposition (sedimentation, interception, impaction and turbulent
diffusion) and by wet deposition (rainout, washout). The relative impaortance
of dry and wet deposition depends on the transport distance from the source
and wind velocity. In a heavily polluted area, the amounts of metals removed
by dry deposition seem to be larger than by wet deposition. (Van den Hout &t
al., 1899).

The atmospheric behavior of Hg appears to be a combination of
deposition and resuspension or volatilization. After emission into the
atmosphere, a part of Hg can be scavenged by even light precipitation,
deposited on land, and can be re-vaporized within 1-2 days. it has been
reported also that most of Hg in the atmosphere is transported over long
distance from the source (Elsokkary, 1996).

Soil poliution by heavy metals:

It has been recognized that the atmosphere is an important pathway
for transport of metals to soils. As shown in Table 4, on the average, metal
contents in the soil of the deeper layer (§0-100 m) are extremely low as
compared with their cantents in normal soils as outlined by Alloway (1995).
Accordingly, in this study, total metals contents in soils of the deeper layer
{50-100 cm) can be considered as the background levels of total heavy
metals in the investigated soils. The background leveis of heavy metals of the
studied soill and those recorded by other authors are reported in Table 5.
These background levels shown in Table 5 are used for calculating the
enrichment ratio {(ER) of heavy metals of the surface soil layer {0-25m), and
the data obtained are given in Table 6. Itis clear that the values of ER of
heavy metals in each site varied markedly. The magnitude of “ER” of the
different metals in the different sites can be arranged in the foliowing order:

Site No. 1: Cr>Hg>As>Cd>Cu>Ni>Zn
Site No, 2: Cr>Hg>As>Cu>Cd>Ni>2Zn
Site No. 3: Hg>Cr>As>Cu>Cd>Ni=Zn
SiteNo. 4; Cr>Cu>Hg>Cd>Ni>As>2Zn
Site No. 5: Cu>Cd>Ni=Cr>Hg>Zn> As
Site No. 6: Cd> Cu> Ni>As>2Zn> Hg

Site No. 7: Cu>Zn>Cd>Ni>As>Hg

According to these orders, Table 6 and Fig. 1, it is clear that soils of
sites No. 1 and 2 are highly polluted by Cr as compared with sites No. 6 and
7 which are located at longer distances from the "EPS". It is aiso clear that
the magnitude of pollution by metals decreases with increasing distance from
the source of potlution. Generally, the studied soils of sites No. 1, 2 and 3 are
highly polluted by Cr, Hg and As and the least by Cu, Ni and Zn. With respect
to poliution, the soil of site No.1 was highly polluted while that of No 7 was the
least and could represent normal agricultural soils. On the other hand, sails of
site No 4 was highly polluted by Cr, Hg and Cu, and those of site No 7 was

the least.
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Table 6: Enrichment ratio (ER) of heavy metals in the surface soil layer

(0-25m).
Site No.

1 Metal T T 2 371 4] 576 | 7
Ni 599 ! 323|177 406|383 [ 182 196
Cr 15.20(12.60| 652 |27.82| 390 | - | -
Cd 933 1 600 | 366 | 7.80 | 5.18 | 3.00 | 2.66
Zn 261|073 | 180 | 249 | 153 | 1.15 | 3.00
Cu 6.92 884 | 423 (1576( 8.00 | 211 | 7.88
Hg 14,28’10‘47 952 | 873|317 ] 1.11 | 079
As 11.36| 9.09 | 545 | 3.40 | 1.18 | 1.59 | 1.36

These data show that atmospheric deposition is assumed to be
significant source of metals input into the soil of the studied area. it has been
reported by Haugland et al{2002) and Sterckeman et al.(2002) that the
concentration of heavy metals in the contaminated soils are decreasing with
increasing distance from the pollution sources,

Metals fractionatlon in soils:

Data in Table 7 show the average distribution of metals in the
different chemical fractions of the metals in the surface soils No. 1 and 2. Itis
clear that the amounts of metals in the water soluble plus exchangeable
fractions are lower than the detected limits of measurements by AAS.
However, most of the total metal in soils are existing in the carbonate, Fe and
Mn oxides, organic and sulfide and residue fractions. The magnitudes of each
metal fraction in soils are dependent on metals type. Thus, most of Cd, Ni
and Zn occurred in the carbonate fraction while those of Cu and Cr occurred
in the organic and sulfide fraction (Table 7 and Fig. 2).

Table 7: Average values of metals concentrations into the different
chemical fractions of soils No. 1 and 2 (mg kg ™).

[ site description Cd Cu Cr Ni Zn
|Water soluble +Exch. ND. | ND. [ ND. | ND. | ND.
Carbonate 09 10 ; 13 3.0 25
fFe and Mn oxides 03 0.7 1.1 06 22
Organic and sulfide 0.3 26 1.7 1.5 14
Residual 01 | 06 | 04 | 08 8

N.D.= not determined and below detection limit

4. Heaith risk assessment

The exposure through air inhalation:
The inhalation dose was calculated in mg/kg.day using the exposure

through inhalation which is function in the respiration rate and the

concentration of substance in air:

C,, (DB)E

T (1)

Dose - inhalation =
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_,3‘5}*1?— ¥ b e
* Air Samples © Soil Samples

Fig. 1: The location of the selected sites for soil and air samgles near and around
tre Elcctric Power Station at Sidi Krir area,-west of Alexandria, Egypt
Source: SPOT Satellite image, Date 2002
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as average percent of total of soils No 1 and 2.
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Where:

Car : Concentration in air (pglmB)

DB : Daily breathing rate m°/kg.day.

E :Exposure duration in days.

T : Averaging time period over which exposure is averaged.

Taken into consideration 70-years for exposure duration {25550
days). the high end of DB is 0.393 m°/kg.day. The exposure duration E was
taken to be 70 year should be used in risk estimating for public notification.
The obtained values of dose inhalation are listed in Table 8 for the
investigated metals.

The exposure through the Ingestion of soil:
The dose in (mg/kg-day) from inadvertent soil ingestion was
estimated by the point estimate approved using the following equation:
Dose = ——C““TS-'-E x10°8 {2)
Where:
C.on : Concentration of contaminant in soil (pg/g)
S| : Soil ingestion Rate (mg/kg-day)
E : Exposure duration in days
T.  Average time: period of time over which exposure is average {days)
during 70 years (70 x 365) day.

The soil ingestion rate for public was taken to be 1.7 mg/(kg-day), for
exposure duration 70 year. (OEHHA ard CARB, 2002)

Data in Table 9 listed the average ievels of heavy metals in soil in addition to
their ingestion dose, cancer potency factors and Reference exposure Levels
(REL).

In this study, risk characterization of heavy metals was preformed for
both air inhalation and soil ingestion, [t is clear that, the heaith impact due to
inhalation is much greater than that of soil ingestion. This may be attributed to
the air pathway which is faster than the soit pathway. In the case of soil; the
pathway is long and the pollutant may be subjected to several successive
ditution processes. In the case of inhalation; the Health Quotient (HQ), which
indicates the non-carcinogenic effects, displayed high values for all
investigated heavy metais (Table 6). The highest HQ (60) was for Cd and the
lowest (1.27) was for Cu. While HQ for Cr and Niwere 13.75 and 37.00
respectively. On the other hand, HQ from soil ingestion was much lower and
the values are below 1.00 which is the recommended by EPA as the
maximum value {US. EPA, 2002).

Risk characterization ©f carcinogenic investigated metals was
preformed for both air inhalation and soil ingestion pathways. For air
inhalation Cr, Cd and Ni are known to be carcinogenic. The e::pected risk
was estimated for these metals by multiplication of cancer potency factors by
their inhalation doses.
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The obtained values are 53040, 6780 and 634 for Cr, Cd and Ni, respectively.
For soil ingestion pathway the estimated values are fower than one per
milion except Cr, where its risk is 24 cases per million. US. EPA has
established the range of generally acceptable risks for known or suspected
carcincgenic as 10~ to 10™ (US. EPA, 2002). Itis clear that, the inhaiation
pathways is much sensitive and contribute significantly than that of soil
ingestion

CONCLUSIONS

The obtained data and discussion can be concluded into the

following:

1-The ambient air and soil at the vicinity of EPS in this area are highly
poliuted by the heavy metals emitted from the EPS.

2-The results indicated that most of Cd, Ni and Zn occurred in the carbonate
fraction, while those of Cu and Cr had occurred in the Fe and Mn oxides
fraction.

3-After performing this work, risk assessment for metals released to air or to
soil indicated that air inhalation contributes significantly in non-
carcinogenic and carcinogenic metals for the population live in the vicinity
of power station. .

4-Soil ingestion gives little contribution to the health impact for both
carcinogenic and non-carcinogenic metals.

5-Efforts and corrective actions should be taken by the decision maker to
reduce the ernission from the power station.
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