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ABSTRACT: In this study, sites irrigated with freated sewage effluent (TSE), industrial
effluent (IE) and sites of not irrigated (virgin soil) were sampled for assessing some chemical
and physical characteristics to evaluate its long term effect. Seasonal samples of water used in
irrigation were also collected. Long ferm wastewater irrigation increased organic matter and
plant nutrients in the soil. The values of soil pH decreased as compared with those of virgin
soil. Irrigation with industrial effluent lead to an increase in soif pH, EC, soluble cations and
anions and macronutrients (N, P and K) in the soil. Wastewater irmigation had significant effect
on soil heavy metals ( Cd, Co, Ni and Pb) and micronutrients ( Fe, Zn, Cu and Mn). The soil
content of these heavy metals and micronutrients increased significantly in soil irigated with
TSE and IE and exceeded the maximum allowable concentration (MAC) ppm according to FAQ
and WHO (1993). Based on these results, it can be conciuded that proper management of
wastewater irrigation and periodic manitoring of soil quality parameters are required to ensure
successful, safe, long term wastewaler irnigation. '
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INTRODUCTION
The demand for water is continuously

major portion of water resources ocriginates
from the Nile River. Egypt is experiencing

increasing in arid and semi-arid countries,
Therefore, water of higher quality is
preserved for domestic use while that of
lower quality is recommended for irrigation
of some restricted crops. Municipal
wastewater is less expensive and
considered an attractive source for irrigation
in these countries ( Al-Rashed and Sherif,
2000; Mohammad and Mazahreh, 2003),
and any source of water which might be
used economically and effectively should be
considered to promote further development.
{Kiziloglu et al. 2008}.

The water supply-demand situation in
Egypt is changing over time with ever
increasing demand and shrinking supply due
to climate change, increased withdrawals
and poliution. Table 1 shows the current
water resources in the year 2008 for Egypt
according to Khan et al. 2010. As shown,

1273

rapid population and urban growth which
lead to additional demand on its limited
water resources . The totai population has
increased from 33 million in 1965 to 76
million in 2007. It is anticipated that by year
2025 Egypts total population will be about
100 million, thus, increasing the demand for
scarce water and arable land. Based on the
analysis of the available data, per capital
water share has changed from 1,700 cubic
meters per year in 1950 to 1.000 cubic
meters per year in 2000 (Khan et al. 2010).

The most readily available and economic
source is the wastewater effluent from
Greater Cairo, Alexandria and other major
cities. Since 1990, sewage water has been
used to cultivate orchards in a sandy soil
area at El Gabal El-Asfar village, near
Cairo (FAO, 2003). The area gradually
increased to about 10,000 feddans.
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Table1. Water resources in Egypt for the year 2006 (Khan et al. 2010)

Water resources Billion Cubic Meters (BCM)
River Nile 55.5
Agriculture Drainage water reuse in the delta 52
Groundwater in the valley and the delta 4.8
Rainfall and Floods 1.0
Treated Wastewater Reuse Q.7
Groundwater in the deserts and Sinai 0.57
Total 67.77

Many farmers, especially those in urban
areas, use sewage because it is free of
charge and abundant, even during droughts,
and, being full of nitrates and  water
phosphates, acts as an effective fertilizer
(Darvishi and Farahani, 2010). The use of
wastewater has helped the farmers in
different ways such as, increased food and
money source (99%), school fees (45%),
medication (10%) and clothing (30%). Those
that are comfortable in using wastewater
(62%]), chose it because they thought that
the water contains plant nutrients and there
would be no need to buy fertilizers (Mutengu
el al. 2007). The use of wastewater has
helped to avoid the disposal of effluent into
water bodies and subsequent process of
eutrophication (Thomas et al 2007}

The irrigation with wastewater has a high
nutritive value that may improve plant
growth, reduce fertilizer application and
increase productivity of poorly fertile soil
(Kiziloglu et al. 2008). Abd El- Lateef et al.
(2008) collected irrigation water, soit and
plant samples irrigated with secondary
treated wastewater from two wastewater
treatment plants in Cairo (El Gabal El- Asfar
plant and E| — Berka plant). They indicated
that considerable amounts of macronutrients
(NPK)} were applied to the grown crops
through the treated wastewater irrigation:
N(19-79%), P (23-181%) and K (85-357%)
of the recommended fertilizer rates
according to the crop and experimental site.
They cited that treated wastewater would
generally provide approximately 50% of N
and about 7G% of P requirements but about
200 % of K requirements, although this
varied widely according to the specific crop
and whether this was calculated for a fertile
or infertile soil.
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Application of wasiewater to cropland
and forested lands is an attractive option for
disposal because it can improve the physical
properties and the nutrient content of soils.
Wastewater  irrigation provides water, N
and P as well as organic matter to the soil.

The continuous application of sewage
water to soils tended to iower their pH which
may due to acidic nature of effiuents and
loading of organic substances. The
variations in the decrease in pH may be
due to the chemical characteristics and the
amount of effluents used for irrigation. The
sewage water used for irrigation is known to
contain farge amount of organic matter and
the release of organic acids during the
decomposition of organic matter may also
responsible for decrease in pH of sewage
irrigated soils (Sikka et al. 2009).

Klay et al. (2010} mentioned that the pH,
organic compounds (C and N}, salinity,
some major eiements (Na, Ca, Mg, K) and
the soil EC indicates that the extended
irrigation with treated wastewater involves,
in our case, the increase of its salinity, which
is dependent of the imrigation period. This
salinization by Na could be responsible for
the change the soil structure. Khan ef al.
(2008) recorded that the application of
wastewater has led to changing in some soil
physiochemical characteristics and heavy
metals uptake by food crops, particularly
vegetables. The soil pH changes depend on
pH of the wastewater used for irrigation, and
the soil pH has a great influence on the
mobility and bioavailabiiity of heavy metals.

The toxicity and the mobility of heavy
metals in soils depend not only on the total
concentration, but also on their specific
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chemical speciation, their binding state, the
metal properties, environmental factors and
soit properties like pH, organic matter
content and type, redox conditions and root
exudates acting as chelates (Nyamangara,
1998). Heavy metals are generally not
removed even after the treatment of
wastewater at sewage treatment plants, and
thus cause risk of heavy metal
contamination of the soil and subsequently
to the food chain (Fytianos et al. 2001).

This study aimed to assess the impact of
irrigation for long term with wastewater on
physicochemical characteristics and
accumulation of heavy metals and
micronutrients in soif .

MATERIALS AND METHODS

The present investigation included the
field study which has been carried out in
three sites. El- Gabal El- Asfar farm
(EGAF), Abu- Rawash farm (ARF) and El-
Ashir of Ramadan city (EAR), where so,
treated sewage effluent and industrial
effluent samples were collected.

Water samples were taken in summer
and winter seasons from the sources of
irrigation water from each studied site , and
kept in plastic bottfles in a cool place.
Analyses of water samples were determined
according to the standard methods of
Chapman and Pratt (1961). The
macronutrients of N, P and K were
determined according to Chapman and Pratt
{1961). The heavy metals ( Pb, Cd, Co and
Ni } and micronutrients ( Fe, Zn, Cu and Mn)
were determined using Atomic Absorption
Spectrophotometer (Perkin Eimer 3300).The
soil samples were collected seasonally in
triplicate for two successive  years from
July 2007- to January 2010 { summer
and winter seasons) from the three sites.
The soil samples were taken at two depths
0-30 and 30-60 cm using a soil Dutch auger
and put in polyethelene bags. Surface litter
was first scraped away at each sampling
spot to remove plant debris. Samples were
collected from twenty two sites, eleven
locations from (EGAF), five locations from
(ARF), three from (EAR) and three control
locations from the three sites (virgin soil or
uncultivated soil) as a control. The samples

" determined  using

air dried, crushed gently, sieved through a
2mm sieve, mixed thoroughly and stored in
polyethylene bags for analysis

Physical and chemical properties of the
investigated soil were determined according
to the standard methods of Page et al.
(1982) and Clark et al. (1986). The pH was
measured using a pH meter in soil
suspension (1: 2.5) soil-water ratio,
Electrical conductivity (EC} were determined
in the saturated soil paste, available
macronutrients were determined as outlined
by Black (1965).

Available micronufrients were extracted
using ammonium bicarbonate-(DTPA) and
Inductively Couped
Plasma (ICP) Spectrometry model 400, as
described by Soltanpour and Schwab
(1977).

All obtained data were subjected to
statistically analysis according to Sndecor
and Cochran (1989), where means value
were compared using L.S.D. at 5 % level.

RESULTS AND DISCUSSION

Irrigation Water:

Three sources of irrigation water were
used in the present study namely, control
(River Nile water , Mansouria canal and
Ismailia canal from EGAF, ARF and EAR,
respectively), treated sewage effluent (TSE)
from both EGAF, ARF and industrial
effluent (IE) from EAR . Irrigation water
samples were collected during the period of
investigation from the different sources and
were analyzed in order to determine some of
their chemical properties, heavy metals
and micronutrients (Tables 2, 3 and 4).

Data in Table 2 showed that fthe mean
values of all the studied parameters (EC,
pH, Ca"™, Mg™, Na', K', HCOy, Cf, SO,
and SAR) of industrial effluent ( JE) used in
irrigation in EAR recorded higher values
than in the control for both summer and
winter seasons.

Comparing the present results of
irrigation water (Treated sewage effluent)
used in EGAF with those used in EAR
{Industrial effluent) the data reveal that the
mean values of EC, Mg"™, Na’, HCO;', CI,
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S0,” and SAR increased by 2.1 folds, 1.4
folds, 3.9 folds, 1.4 folds, 3.8 folds, 1.1 foids
and 3.8 folds, respectively in IE as
compared with the corresponding ones in
TSE used in irrigation in EGAF. Meanwhile
the water content of Ca™, K’ increased in
TSE used in EGAF when compared with

those used in EAR (Table 2).

The results of chemical characteristics
(EC, Ca™, Mg™, Na', K, HCOjy, CI, SO,
and SAR) of TSE used in ARF indicated
that the mean values of Ca™, Mg"™

increased significantly as compared with
those used in EAR, meanwhile the mean
values of EC, pH, Na*, K', CI' and SAR
recorded the highest values in IE as
compared with those used in TSE used in
irrigation in ARF. From the recorded resuits,
it can be concluded that afl the studied
parameters recorded higher values in IE
than that recorded in TSE which used in
irigation in both two farms. The obtained
results are in accordance with those
obtained by Khafagi et al. (2010).

Table({2). Chemical characteristics of irrigation water used in the studied locations (mean
values)
) Type of] EC Solubie cation meg/ Soluble anion meg/l

Stte ‘Z'g‘er S€80n| ygym | PH Ca™ |Mg™| Na* | K | cos"|HCOs | Cr :0q4= SAR
Control[summer| 0.72 |7.12] 249 | 220 { 2.28 |025| 0.00 | 3.24 | 160 | 2.38 | 1.49

TSE |S€asons| {22 (7.50( 4.70 | 290 | 419 {0.35]| 0.00 | 3.66 | 312 | 536 { 2.14

EGAF LSD at 0.05 0.13 0.21 ) Q.30 | 0.37 10.07 0989 | 0.39 ) 0.85 ] 0.27

Control| winter | 0.59 (824 169 | 146 | 251 (024|000 | 213 (199178 | 2.09

TSE (seasons) 112 (726! 4.27 | 229 {405 |042| 000 | 209 | 370 | 523 | 223

1.8D at 0.05 0.11 097 | 0.16 | 0.41 |0.16 039 | 066|072} 060

Control| summer| 0.78 |7.37] 273 | 225 1 252 |0.24| 000 | 292 | 181 | 3.00 ! 1.59

TSE (s€asons| 145 |7.38| 505 | 444 | 3.58 1033|000 3.73 | 37515691 | 1.64

ARF LSD at Q.05 0.23 0.14 | 0.30 | 0.23 [0.09 054 | 034|074 | 013
Control} winter ' 0.58 17.36; 1.78 | 1.61 | 180 [0.34; 0.00 | 182 | 155 ) 216 | 1.43

TSE (seasons| 124 (729|434 | 432 | 327 |0.26| 000 | 257 | 267 | 6.98 | 1.57

LSD at 0.05 0.07 038 | 077|049 |0.11 059 | 065|119 | 047
Control{summer] 060 [7.15]| 1.86 | 156 | 2.25 (027|000 | 185 | 169 | 240 | 1.77

IE |[seasons| 251 1842 417 | 3.79 |1664{043| 0.00 | 3.65 |15.71| 568 | 8.37

EAR LSD at 0.05 0.15 058 | 0.56 | 1.03 |0.09 055 | 0.32 | 0.50 | 0.90
Control! winter | 0.57 |7.24] 208 { 190 | 1.49 |0.18] 0.00 | 2.41 137 1188 | 1.05

IE [Seasons| 2,36 18.62{ 3.86 | 3.26 |16.06;0.36; 0.00 | 3.07 ]1437| 6.10 | 853

LSD at 0.05 0.17 0.29 | 0.27 | 1.28 10.06 028 | 084 032092

Summer seasons
LSD at 0.05
EGAF & ARF 0.24 0.17*| 0.31* | 0.30* | 0.08 051 | 044 062 | 0.15*
EGAF & EAR 0.12* 0.50* | 0.17* | 1.03* | 0.09 047 | 047 | 044 | 0.83"
ARF & EAR 0.25* 0.50* | 0.31* | 1.03* | 0.10* 069 |0.36*| 0.76 | 0.83"
Winter seasons
LSD at 0.05

EGAF & ARF 0.08* 0.40 | 0.57*0.30* | 0.16* 049 |0.64*11.19* 0.16*
EGAF & EAR 0.13* 0.38* | 0.15* | 1.27*| 0.16 G.28* | 0.84* | 0.48* | 0.91*
ARF & EAR 0.12* 0.42* | 0.58* | 1.29* | 0.07* 055 [1.05"| 116 | 0.92*

EGAF: El- Gabat EL- Asfar farm,
TSE: Treated sewage effluent

ARF: Abu- Rawash farm,
IE: Industrial efftuent

EAR: El- Ashir of Ramadan,
* : Significant at LSD 0.05%
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Table 3. Nitrogen, phosphorus and potassium content (ppm) of irrigation water used in the
studied locations (mean values)

. Macronutrients (ppm)
Site | Type of water Season
N P K
Contral 2.31 0.71 7.15
summer seasons
TSE 3.74 . 1.15 11.73
LSD at 0.05 0.86 0.22 0.73
EGAF
Control _ 3.62 0.66 6.43
winter seasons
TSE 5.46 0.83 8.95
LSD at 0.05 0.55 0.22 0.60
Control 2.04 0.75 6.93
summer seasons
TSE 3.51 1.27 12.33
L.SD at 0.05 0.70 0.28 0.54
ARF
Control ) 2.64 0.81 7.35
— winter seasons
TSE 4,53 1.14 11.75
LSD at0.06 0.69 0.27 1.20
Control 1.55 0.55 6.85
summer seasons
IE 9.54 3.61 16.15
LSD at 0.05 2.36 0.51 0.76
EAR
Control . 1.79 0.55 5.89
winter seasons
IE 12.16 2.50 12.94
LSbat0.05 2.98 0.39 0.61
Summer seasons
LSD at 0.05
EGAF & ARF 0.73 0.27 0.38*
EGAF & EAR 2.41* 0.49* 0.61*
ARF & EAR 2.35" 0.50* 0.62*
Winter seasons
LSD at 0.05
EGAF & ARF 0.563* 0.30* 1.05*
EGAF & EAR 2.95* 0.39* 0.43*
ARF & EAR 297 0.43* 1.03*
EGAF: El- Gabal EL- Asfar farm, ARF: Abu- Rawash farm, EAR: El- Ashir of Ramadan,
TSE: Treated sewage effluent IE: Industrial effiuent * : significant at LSD 0.05%
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Table 4. The mean values of heavy metals and micronutrients content (mgfl) of
irrigation water used in the studied locations compared with permissible limits

Site Type of Season Heavy metals (mg/l} Micronutrients {(mg/)

water Cd Co Ni Pb Fe Zn Cu Mn
Control | summer | 0.005 | 0.015 | 0050 | 0.290 | 0.792 | 0.300 | 0.035 | 0.012
TSE | S€as0ns i 0020 | 0.300 | 0250 | 0.495 | 1.275 | 0.745 | 0.165 | 0.265
EGAF LSD at 0.05 0.010 | 0120 | 0.070 | 0.110 | 0.250 | C.13C | 0.080 | 0.080
Control winter 0.004 | 0.035 | 0.025 | 0.290 | 0.650 } 0.380 | 0.035 | 0.005
TSE seasons | 0015 | 0365 [ 0.110 | 0425 | 1.215 | 0.710 | 0.125 | 0.280
1.SD at 0.05 0.010 | 0130 | 0.1 0.140 | 0.320 | 0.290 | 0.050 | 0.110
Control | summer 0.002 0.003 | 0.014 | 0.105 | 0.860 | 0.310 : 0.115 | 0.070
TSE seasons 0.030 0135 ( 0245 | 0290 | 1.310 | 0.800 | 0.785 | 0.145

ARE LSD at 0.05 0.01 0.04 0.07 0.10 0.25 0.17 0.10 | Q.05
Control winter 0003 | 0002 | 0019 { 0140 | 0922 | 0.340 | 0.480 | 0.075
TSE seasons | 0,027 | 0.070 | 0.235 | 0.415 | 1.355 | 0.780 | 0.670 | 0.185

L.SD at 0.05 0.01 0.01 0.07 0.10 0.16 0.17 0.23 0.07
Control | summer | 0.001 | 0.035 | 0.140 | 0.055 | 0.195 | 0.775 | 0.080 | 0.015
IE Seasons | 0065 | 0.890 | 0.860 | 0.880 | 2.380 | 2.510 | 1.360 | 0.395

EAR LSD at 0.05 0.02 0.13 0.10 0.07 0.21 0.27 ¢c10 | 008
Control winter 0.002 | 0.085 | 0.185 | 0.055 | 0.275 | 0650 | 0.120 | 0.025
IE seasons | 0065 | 0.785 | 0.635 | 0.750 | 2515 | 2590 | 0.735 | 0.380

LSD at 0.05 0.03 0.19 0.17 020 | 042 0.15 0.52 0.15
Permissible limits 0.010 § 0.050 | 0.200 | 5.000 | 5.000 { 5.000 | 0.200 | 0.200

Summer seasons
EGAF TSE 0.020 | 0.300 | 0250 | 0.495 | 1.275 | 0.745 | 0.165 | 0.265
ARF 0,030 | 0135 | 0.245 | 0.280 | 1.310 | 0.900 | Q0.785 { 0.145
EAR IE 0.065 | 0.890 | 0.660 | 0.880 | 2.380 | 2.510 | 1.3680 | 0.395
LSD at 0.05
EGAF & ARF 0.02 0.13* | 0.10 0.13* | 0.28 0.17 | 0.1t* | 0.09*
EGAF & EAR 0.02* | 0.18* | 0.12* | 012 | 0.27* | 0.26* | 0.12* | Q.12*
ARF & EAR 0.02* 0.14* | 0.12* | 0.11* | 0.29* | 0.28* | 0.14* | 0.10*
Winter seasons
EGAF TSE 0.015 | 0.365 | 0.110 | 0425 | 1.215 | 0.710 | 0.125 | 0.280
ARF 0.027 0070 | 0.235 | 0.415 | 1.355 | 0.780 | 0.670 | 0.165
EAR IE 0086 ; 0.785 | 0635 | 0.750 | 2515 | 2.590 | 0.735 | 0.380
LSD at 0.05

EGAF & ARF 0.01 0.13* 0.13 0.14 | 0.260 | 0.240 | 0.10* | 0.13

EGAF & EAR 0.03* | 023* 019* | 023" | 047" { 026" | 0.52* | 0.18
ARF & EAR 0.03* 019* | 017* | 0.22* | 0.43* ¢t 0.16* | 052 | 0.16*

EGAF: E]- Gabal EL- Asfar farm, ARF: Abu- Rawash fam, EAR: El- Ashir of Rarnadan,
TSE: Treated sewage effluent IE: industrial effluent * : significant at LSD 0.05%

Permissible limit according to FAO ( 1992) and Egyptian code 2004 ( ppm)
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In thise concern, Nazif et al. (2006)
stated that waters having electrical
conductivity of 1.5dSm™ were safe for
irrigation, those having up to 1.5 to 3.0dSm’™
were marginal and waters having EC values
more than 3.0 dSm™ were unsafe.

Results in Table 3 show the content of
N, P and K in irrigation water used in
irrigation of the studied sites during the
period of investigation (Summer and Winter
seasons). The irrigation water content of
macronutrients (N, P and K) increased
significantly in TSE  of both EGAF and
ARF and |E used in EAR as compared with
the control, with the exception of the
concentration of P in irrigation  water
collected from EGAF during winter seasons
which increased insignificantly as compared
with the control. With respect to the IE
content of macronutrients the results
indicated that the mean values of N, P and
K increased significantly in IE as compared
with TSE used in both ARF and EGAF.

Considering the irrigation water used
during winter season the data showed that
the nitrogen content of TSE used in EGAF
increased significantly as compared with
those used in ARF. On the other hand, the
mean values of P and K recorded the
opposite direction. Generally, the mean
values of N, P and K of IE used in irrigation
in EAR during winter seasons recorded the
highest values in IE more than that
recorded in TSE which used in irrigation in
both two farms.

Generally the concentration of
macronutrients N, P and K in {E used in
EAR increased significantly as compared
with the corresponding ones in TSE used in
irrigation in both of EGAF and ARF (khafagi
et al. 2001).

Rusan ef al (2007) reported that the
wastewater contains considerable amount of
nitrate, phosphate and potassium which are
considered essential nutrients for improving
plant growth and soil fertility and productivity
levels.

The content of irrigation water of tested
heavy metals and micronutrients increased
significantly in all samples of TSE and IE

than in the control except in a few cases
which increase insignificantly (Table 4). El -
Gendi (2003} showed that the levels of Zn,
Fe, Ni, Cd in Nile water (0.012, 0.02, 0.001
and 0.001 ppm), respectively, are beiow the
critical levels reported for these metals in
waters for imigation use. Meanwhile, the
sewage effluent water contains measurable
quantities of Zn (0.70 ppm}, Fe {(1.05 ppm),
Ni (0.40) and Cd { 0.12 ppm)}.

Chemical and some physical

characteristics of the studied soil

All scil chemical characteristics were
carried out for the surface and subsurface
layers (0 - 30 cm and 3060 cm). Soil
samples analyzed in order to determine
some of their chemical, physical properties,
heavy metals and some micronutrients
(Tables 5,6,7,8, 9and 10).

The results in Tables 5 & 6 show the
mean values of the studied chemical
parameters of soil samples collected from
the three sites. The data declared that the
mean values of EC decreased significantly
in soil samples collected from EGAF and
ARF during summer and winter seasons as
compared with the virgin soil (uncultivated
soil). These may be due to continuous
cultivation and irigation which lead to
leaching of soluble cations and soluble
anions from the scil (Khalil 1990). it can be
clearly obvious that the pH values of soil
irrigated with TSE decreased as compared
with the control. In this concern, Mochammad
and Mazahreh (2003) mentioned that the
soil pH values were significantly decreased
when wastewater used in imrrigation, and
they attributed this decrease to high content
of ammonia in wastewater, which its
nitrification would serve as a source of
hydrogen ions thus causing a decrease in
soil pH. Generally pH values decreased with
soil depth increased.

Comparing the present results (EC, pH,
Ca™, Mg™, Na’, K', HCO", CI, SO," and
SAR) of EGAF with the corresponding ones
in EAR, the data indicated that with respect
to both soil depths 0-30 and 30-60 cm
the mean values of EC, Na®*, K, HCO4, CI
increased significantly in the soil samples
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collected from EAR as compared with those
tested in EGAF. It was detected that the
mean values of Mg, and SO,~ for both the
surface and subsurface layers and Ca™ ( at
the deepest layer only ) increased
significantly in EGAF as compared with that
of soil collected from EAR. Comparing the
present results from the chemical analysis of
soil collected from EAR with the
corresponding ones collected from ARF it
can be observed that for both soil depth (0-
30 and 30-60 cm) the mean values of EC,
Ca™ (at the surface layer only) Na*, K,

HCOy (in the surface layer only) and CI
recorded the highest significant values in the
soil collected from EAR than that collected
from ARF. Generally pH values decreased
in soil irrigated with TSE as compared with
those irrigated with IE, moreover pH values
decreased in most of the studied locations
with depth increased. Nyamangara and
Mzezewa (1999) cited that the decrease in
pH in the subsoil was attributed to the
effects of organic acids produced during the
degradation of sewage sludge that are
translocated to the subsoil.

Table 5. Chemical characteristics of soil in the studied locations during summer seasons {mean

values)
Sites Depth EC y Soluble cation meg/ Soluble anion meg/l
em |dsm | P L egn | Mgt | Nat | K co.- | HCOs | ¢ [ sos
3

EGAF
control 0-30 1.90 765 | 378 | 540 | 896 | 072 | 000 | 3.75 7.22 | 7.89
soil sites 123 | 682 | 399 | 326 | 447 | 041 | 0.00 | 104 | 466 | 544
LSD at 0.05 0.24 115 [ 1.29 [ 1.05 |{ 0.15 | 0.00 | 0.62 155 | 2.21
control 30-60 148 | 753 | 322 | 411 | 697 | 056 | 0.00 | 1.02 | 607 | 7.77
soil sites 113 | 672 | 3.78 | 3.04 | 408 | 034 | 000 | 187 | 3.91 | 548
LSD at 0.05 0.29 083 | 1.1 1.08 i 015 { 0.00 | 0.78 | 1.03 | 1.99

ARF
conirol 0-30 2.23 778 | 414 | 258 | 1484 | 042 | 000 ; 1.32 | 1504 | 560
soil sites 136 | 788 | 444 | 329 | 560 | 035 | 0.00 | 254 | 527 | 587
LSD at 0.05 0.5 1.5 1.2 253 | 017 090 | 269 | 226
control 3..60 1.62 773 | 226 | 112 [ 1214] 030 [ 000 [ 210 | 1211 | 161
soil sites 084 | 775 | 272 | 208 | 321 | 029 | 000 | 168 | 3.03 | 3.58
LSD at 0.05 0.18 079 | 097 | 123 | 041 069 | 1.04 | 152

EAR
control 0-30 191 | 7.73 [ 343 | 326 |11.76 | 038 | 000 | 3.76 {10.87 | 4.20
soil sites 3.03 | 803 | 477 | 317 | 2141 085 | 0.00 { 511 | 20.18 | 459
LSD at 0.05 0.24 063 | 0.48 | 0.90 | 0.13 102 | 275 | 258
control 30-60 179 | 769 | 3.96 | 206 [ 1121 029 | 000 | 217 | 9.16 | 6.18
soil sites 268 | 786 | 467 | 298 | 18.30| 066 | 0.00 | 478 | 18.17 | 366
LSD at 0.05 0.33 1.00 | 025 | 217 | 0.22 058 | 2.55 | 1.41

LSD at 0.05

EGAF& | 0-30 0.17 0.59 | 0.57 | 0.84* | 0.06 0.32* | 0.97 | 1.00
ARF 30-60 ; 0.10* 0.40* | 0.48* | 0.52* | 0.06" 0.34 ) 047 | 0.82*
EGAF& | 0-30 | 0.13* 0.58* | 0.64 | 0.57* | 0.07* 037 : 1.09* | 1.28
EAR 30-60 | 0.15* 0.53* | 0.54 | 0.80* } 0.09* 0.42* | 0.88" | 1.05"
ARF & 0-30 | 0.25* 0.76 | 0.61 | 1.28* | 0.09* 0.55* | 1.59* | 1.38
EAR 3060 | 0.13" 0.50* | 0.48* | 0.92* | 0.08* 0.39* | 0.96* | 0.87

EGAF: El- Gabal EL- Asfar farm,

* : significant at LSD 0.05%

ARF: Abu- Rawash farm,

1280

EAR: El- Ashir of Ramadan,




Table 6. Chemical characteristics of soi in the studied locations during winter seasons {(mean

values)
Sites D;r:h dg?m o +\LSoiublnj:-::ation r+neqﬂ + : Soh.{hle ani-on meq;’l=
Ca Mg Na K COy” | HCOy | Cl S04
EGAF
control 0-30 190 | 765 | 3.78 | 540 | 896 Q.72 | 0.00 375 722 | 7.89
soil sites 139 [ 602 | 483 | 344 | 533 | 043 | 0.00 | 227 5.03 | 6.59
LSD at 0.05 0.43 174 | 148 | 175 | 023 0.96 156 | 3.31
control 148 } 7563 | 3.22 | 411 | 697 | 056 | 0.00 1.02 6.07 | 7.77
soil sites 30-60 122 | 6.81 | 427 | 3.09 | 422 0.46 | 0.00 2.03 409 | 594
LSD at 0.05 0.33 122 | 153 | 1.53 | 048 085 | 1.37 | 248
ARF
control 0.30 223 | 778 | 414 | 256 | 1484 | 042 | 000 | 132 | 1504 | 560
soil sites 117 1 767 | 349 | 270 | 467 | 035 | 0.00 | 2.22 445 | 453
LSD at 0.05 0.34 098 [ 118 | 1.11 0.13 0.58 092 | 213
control 162 | 773 { 226 | 112 [ 1214 | 030 | 000 | 210 | 1211 | 1.61
soil sites 30-60 096 | 761 | 280 | 223 | 394 | 036 | 0.00 1.85 415 | 3.65
LSD at 0.05 020 082 | 081 1.05 0.29 0.59 098 | 1.29
EAR
control 0-30 191 | 773 | 343 | 326 | 11.76 | 038 | 0.00 | 3.76 | 10.87 { 4.20
soil sites 286 | 791 | 483 | 283 | 1981 | 0,90 | 0.00 3.72 11899 565
LSD at 0.05 0.43 114 | 066 | 344 | 0.21 1.02 305 | 259
control 179 | 769 | 396 | 206 | 1121 | 029 | 000 | 217 | 9.16 | 6.19
soil sites 3060 241 | 779 | 366 | 219 | 1708 | 067 | 0.00 | 240 | 1660 | 460
LSD at 0.05 0.40 0.79 | G.80 | 404 | 0.28 0.89 374 | 1.88
LSD at 0.05
EGAF& ARF 0-30 | 0.15 0.58* | 0.52* | 0.60* | 0.07* 031 | 0.53* { 1.13*
30-60 | 0.10* 042* { 0.51* | 0.530 | 0.160 0.29* | 0.480 | 0.82*
EGAF& EAR 0-30 | 0.30¢ 0.80 | 0.62* | 1.80" | 0.12* 0.51* | 1.78* | 1.44*
30-60 | 0.24* 0.57* | 063* | 1.72* | 0.20 042 | 1.64* | 1.08*
ARF & EAR 0-30 | 0.36* 0.73* | 0.57 | 245* | 0.13* 0.55" | 2.31* | 1.25
30-60 | 0.30* 056 | 045 | 2.25* | 0.15* 043* | 216" | 0.88

EGAF: El- Gabal EL- Asfar farm,

EAR: El- Ashir of Ramadan,

ARF: Abu- Rawash farm,
* . Significant at LSD 0.05%
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Table 7. Some physical and chemical characteristics of soil in the studied locations during
summer seasons (mean values)

e -
Stos Depth - Partch:mze distribution% Texture | CaCOs oM % Macronutrients {ppm)
cm oarse ine . class o
sand | Sand Silt Clay o N P K
EGAF
Control 28.00 | 56.00 | 10.00 | 6.00 |sandy | 2.33 | 099 | 3300 114 | 32.30
0-30
soil sites 20.40 | 40.40 | 22.60 | 16.60 5,22::," 218 | 270 | 62.44 | 286 | 68.61
LSDat005 | 1.66 | 1006 | 806 | 355 053 | 045 | 960 | 064 | 18.81
Control 268.00 | 60.00 | 6.00 | 6.00 |sandy | 205 | 0.84 | 2400 | 0.83 | 17.03
30-60
soil sites 2041 | 5430 | 910 | 7.20 |sandy | 158 | 241 | 5015 | 323 | 58.35
LSDat005 | 379 | 583 | 570 | 2.64 0.38 | 058 | 882 | 0.61 | 12.07
ARF
Control 68.00 | 28.00 | 200 | 200 |sandy | 1.96 | 044 | 3412 | 114 | 3532
0-30
- sandy ,
soil sites 20.87 | 43.12 | 2037 | 1562 | J00Y| 177 | 191 | 6581 | 244 | 61.16
LSDat0.05 | 390 | 7.02 | 628 | 4.43 066 | 0.81 | 1237 | 057 | 429
Control $2.00 | 3500 | 2.00 | 1.00 | sandy| 1.85 | 0.31 | 26.04 | 1.06 | 39.11
L. | 30-60 sandy
soil sites 2150 | 42.75 | 20.50 | 15.25 | S°OY| 1.51 | 1.23 | 5386 | 324 | 57.11
LSDat0.06 | 557 | 601 | 547 | 1.87 048 | 033 | 1619 | 047 | 7.43
EAR
Sandy
Control 20,00 | 35.00 | 25.00 | 20.00 | 5 474 | 056 | 8523 | 2.22 |203.08
ay
0-30
soil sites 15.50 | 37.25 | 25.75 | 21.50 Sdagfy 514 | 117 | 16553 | 24.14 |341.23
LSDat0.05 | 312 | 3.87 | 293 | 4.02 071 | 0.35 | 2049 | 1.00 | 31.85
Control 27.00 | 54.00 | 9.93 | 9.00 ';‘;?1"35’ 310 | 039 | 7370 | 148 |103.22
30- 60 -
soil sites 30.75 | 56.00 | 6.08 | 7.00 s"aar"gy 408 | 085 |[171.38| 24.08 | 323.93
LSDat005 | 185 | 214 | 120 | 1.39 035 | 026 | 399 | 1.01 | 1265
LSD at 0.05
EGAF& | 030 | 130 | 404 | 334 | 1.80 0.25* | 0.28* | 4.98* | 0.28* | 7.74
ARF 3060 | 2.12¢ | 2.72* | 2.55* | 1.08* 018 | 022* | 573 | 025 | 667
EGAF& | 030 | 1.20* | 506 | 4.05 | 2.08* 0.28* | 0.24* | 7.48* | 0.42* | 12.89*
EAR |3060| 193 | 298 | 282" | 1.35 0.21* | 0.29* | 4.47* | 0.41* | 6.92*
ARF & | 030 | 2.16* | 3.88* | 3.22° | 2.52" 0.33* | 0.40* | 8.93* | 0.43* | 12.37
EAR 13060 | 2.80* | 3.03" | 2.71* | 1.02* 0.24* | 0.16* | 8.05* | 0.40* | 9.46°
EGAF: El- Gabal EL- Asfar farm, ARF: Abu- Rawash farm,
EAR: EF Ashir of Ramadan, * - Significant at LSD 0.05%
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Table 8. Some physical and chemical characteristics of soil in the studied locations during
winter seasons { mean values)

Sites D g r‘:'th CoF:::;cle :::: dist;bution% Texture | C 80003 OM% Macronutrients (ppm)
sand | Sand iit | Clay class % N P K
EGAF
Control 28.00 | 56.00 | 10.00 | 6.00 | sandy | 2.33 | 0.99 | 33.00 | 1.14 | 32.30
Son o0 1850 | 30.44 | 2561 |16.44| S | 230 | 277 | 6339 | 288 | 14297
LSDat0.05 | 4.81 |12.44| 8.28 | 8.84 074 | 056 | 13.89 | 0.48 | 33.72
Control 28.00 |60.00 | 6.00 | 6.00 | sandy | 205 | 0.84 | 24.00 | 0.83 | 17.03
sl | 0% 2155 | 4822 | 1561 | 1461 | S | 157 | 239 | 5319 | 322 |144.22
sites ) ’ ) ) loam . ) ; ) )
LSDat005 | 6.14 | 14.55| 6.76 | 10.60 064 | 048 | 638 | 1.06 | 34.18
ARF
Control s 68.00 {28.00| 2.00 | 200 | sandy | 198 | 0.44 | 3412 | 1.14 | 35.32
0
o 18.40 [ 4160 |26.00 [1400| 0¥ | 167 233 | 6515 | 2.99 | 77.72
LSDat0.05 | 360 | 646 | 558 | 3.25 060 | 0.54 | 16.30 | 0.67 | 9.87
Control 62.00 | 35.00| 2.00 | 1.00 | sandy | .85 | 0.31 | 26.04 | 1.06 | 39.11
= 19.00 | 46.80 [ 21.30 | 12.90| 52 | 451 | 150 | 53.35 | 3.00 | 74.16
sites ) ) : ) loam . ) ’ : )
LSDat0.05 | 389 | 695 | 361 | 1.65 048 | 061 | 1134 | 0.71 | 6.08
EAR
Control 20.00 | 35.00 | 25.00 | 20.00 ﬁﬁggj 474 | 056 | 8523 | 2.22 |203.08
. 030
sftg'; 1917 | 34.50 | 27.00 [ 19.11 | sandy | 477 | 1.28 |172.00|23.95 | 342.20
LSDat0.05 | 464 | 527 | 444 | 3.24 082 | 0.22 | 16.00 | 2.98 | 64.10
Control 2060 27.00 | 54.00 | 9.93 | 9.00 ﬁf‘);;y 310 | 039 | 7370 | 1.48 |193.22
sft‘;i 28.33 | 49.50 [ 10.50 | 11.67| sandy | 4.00 | 1.04 |168.56 | 23.98 | 279.62
LSD at0.05 | 669 |12.77] 9.19 | 10.35 064 | 017 | 1043 | 1.76 | 78.86
LSD at 0.05
EGAF& | 030 | 1.70 | 413 | 286 | 2.85 0.26* |021*| 566* | 0.21 | 10.72*
ARF | 30.60 |2.10% | 479 | 2.26* | 3.32 0.22* 1020*| 322 | 037 [10.75*
EGAF& | 0-30 | 259 | 563 | 3.96 | 3.78 0.50* | 0.24* | 15.42* | 2.06* | 33.52*
EAR | 3060 |3.57*| 7.35 | 3.31* | 466 0.43* | 0.21* | 14.19* | 2.04* | 30.89"
ARF& | 030 | 284 | 478" | 387 262" 060* | 0.25* {20.67* | 2.81* | 42.38
EAR | 3060 |3.95%| 7.07 | 3.12* | 3.22 0.50* | 0.25* | 19.54* | 2.74* | 38.28*
EGAF: El- Gabal EL- Asfar farm, ARF: Abu- Rawash farm,
EAR: El- Ashir of Ramadan, * . Significant at LSD 0.05%
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Table 9. Heavy metals and micronutrients concentration of soil in the studied locations during
summer seasons {mean values)

Sites Depth Heavy metals (ppm) Micronutrients (ppm)
cm Cd Co Ni Pb Fe Zn Cu Mn
EGAF
Control 0.30 0.040 | 0.040 | 0.180 | 0.557 | 4.373 | 0910 | 0493 3.970
soil sites 0.244 | 0210 | 2108 | 5431 | 81.357 | 58.193 | 24783 | 45422
LSD at 0.05 0.060 | 0.150 | 0.430 | 1.070 | 15520 | 3870 | 2230 5.810
Control 20.60 0.020 | 0.020 | 0.150 | 0.243 | 3763 | 0.960 | 0390 3.397
soil sites 0.158 | 0.116 | 1.626 | 3685 | 66.110 | 55.300 | 23.819 | 41575
LSD at 0.05 0.120 | 0.070 | 0540 | 1480 | 14960 | 3.970 | 1.160 6.050
ARF
Control 030 0.033 | 0027 | 0173 ; 0940 | 2453 | 1.463 | 0.137 0.373
soil sites 0.230 | 0.512 | 1516 | 2479 | 92985 | 54.309 | 23.026 | 80.464
LSD at 0.05 013 | 026 | 046 | 094 6.31 238 285 6.14
Control | .o 10013 | 0.060 | 0.023 0.147 | 1643 | 0533 | 0.030 0.227
soil sites 0.070 | 0206 | 0.719 | 1513 | 77.880 | 50.960 | 22,778 | 77.570
LSD at 0.05 0.07 | 014 0.7 112 | 2151 12.77 3.36 10.15
EAR
Control 0.30 0.070 | 0.043 | 0.387 | 1.400 | 11.713 | 3657 | 0.470 5413
soil sites 0.825 | 1.548 | 8.103 | 16.508 | 185.648 | 137.930 | 101.319 | 170.008
LSD at 0.05 021 | 044 | 134 | 238 | 2071 5.78 7.50 9.43
Control 2060 0.047 | 0.027 | 0173 | 0670 | 9620 | 1610 | 0.730 3.043
soil sites 0.447 | 0.970 | 6.845 | 12.685 | 169.883 | 120.493 | 97009 | 162.893
LSD at 0.05 024 | 021 | 099 | 224 2.46 6.68 483 6.71
EGAF& 0-30 | 0.04 | 0.09" | 0.20* | 0.46* | 5.64* 1.57* 1.15* 2.71*
ARF 3060 | 0.05* | 0.05* | 028* | 061* | 825* | 408 | 1090 | 369
EGAF& 0-30 | 0.07* | 0.14* | 043* | 0.85* | 9681* | 250 2.38 3.90*
EAR 3060 | 0.09* | 007 | 0.39* | ogoe* | 7.38* | 271" | 1.48* 352+
0-30 | 0.09* | 019 | 048* | 088" | 7.32* | 230 278" 4.27*
ARF& EAR
30-60 | 0.08* | 0.10* | 0.47* | 0.90* | 10.58* | 6.62* 2.26* 5.43*
Maximum allowable | 53 0.04 | 025 005 | 005
concentration
Maximum allowable concentration (MAC ) according to to FAQ and WHO 1993
EGAF: El- Gabal EL- Asfar farm, ARF: Abu- Rawash farm,
EAR: El- Ashir of Ramadan, * : Significant at LSD 0.05%
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Table 10. Heavy metals and micronutrients concentration of soil in the studied locations during
winter seasons ( mean values)

it Depth Microelements (ppm) Micronutrients (ppm)
e om cd Co Ni Pb Fe Zn Cu Mn
EGAF
Control | .~ | 0040 | 0040 | 0160 | 0557 | 4373 ; 0910 | 0493 | 3870
soil sites 0226 | 0.344 | 1874 | 5687 | 72.531 | 54.496 | 27.400 | 44.544
LSD at 0.05 008 | 023 | 076 | 144 | 1271 | 673 3.1 527
Control 0020 | 0020 | 0150 | 0.243 | 3763 | 0.960 | 0390 | 3.397
soisites | 0 [ 0088 | 0156 | 1357 | 2811 | 62893 | 46459 | 21853 | 39.697
LSD at 0.05 008 | 010 | 077 | 161 | 1189 | 1442 | 704 | 1071
ARF
Control | . | 0033 | 0027 | 0.173 | 0940 | 2453 | 1463 | 0437 | 0373
soil sites 0276 | 0.393 | 1.634 | 1.335 | 61.071 | 53.704 | 25.133 | 53.894
LSD at 0.05 012 | 023 | 041 | 048 | 452 | 252 | 204 | 374
Contol | | 0013 | 0060 | 0.023 | 0.447 | 1643 | 0533 | 0030 | 0227
soil sites 0.103 | 0.145 | 0.892 | 1.168 | 55663 | 49.927 | 20.200 | 51.156
LSD at 0.05 011 | 019 | 067 | 026 | 395 | 1228 | 730 | 17.8
EAR
Control | . | 0070 | 0043 | 0.387 | 1400 | 11713 | 3667 0470 | 5413
soil sites 0.834 | 1820 | 6986 | 15.602 | 195.541 | 134.650 | 97.051 | 163.930
LSD at 0.05 020 | 021 | 176 | 190 | 404 | 1433 | 383 | 481
Contol | .| 0047 | 0027 | 0473 | 0670 | 9620 | 1810 | 0730 | 3043
soil sites 0647 | 0910 | 6.123 | 13.057 | 191.813 | 130.772 | 84.422 | 170.172
LSD at 0.05 015 | 061 | 077 | 074 | 1290 | 11.88 | 272 | 21.76
EGAF& | 030 | 0.04* | 0090 | 0250 | 046" | 408" | 2170 | 1.07* | 184
ARF 1 3060 | 003 | 0050 | 028* | 050* | 380* | 5260 | 2730 | 5.00°
EGAF& | 0-30 | 0.08* | 0.18* | 074* | 1.45* | 1676" | 11.70* | 8.08* | 1362*
EAR | 3060 | 007 | 0.15* | 060" | 1.24* | 5886 | 1220 | B21* | 1520
ARF& | 0-30 | 0.412* | 023" | 084" | 1.84* | 21.96" | 1560 | 10.93" | 18.43*
EAR | 3060 | 0.09* | 021* | 076* | 1.48* | 21.79* | 1568* | 10.93* | 20.98*
Maximum allowable | - ¢ 03 004 | 025 005 | 005
Maximum allowable concentration (MAC) according to to FAQ and WHO 1993
EGAF: El- Gaba! EL- Asfar farm, ARF: Abu- Rawash farm,
EAR: El- Ashir of Ramadan, * : significant at LSD 0.05%
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Rusan et al. (2007) worked in sites
irrigated with wastewater for 10, 5, and 2
years and site not irrigated. He recorded that
long term wastewater irrigation increased
salts and organic matter in the soil. He
concluded that proper management of
wastewater  irrigation  and  periodic
monitoring of soil and plant quality
parameters are required to ensure
successful and safe use of long-term
wastewater irrigation.

Tables 7 & 8 show the mean values of
OM and macronutrient in the studied soil.
Soil organic matter (OM) significantly
increased with wastewater irrigation
application and with increasing the period of
application, which is attributed directly to the
contents of the nutrients and organic
compounds  in the applied wastewater,
The OM concentration accumulated more
in the top soil in all the studied locations.
However, in soil irigated with IE  lower
concentrations of OM were recorded than
that in soil receiving TSE. Ramadan (2000)
stated that the soil content of OM was
significantly affected with the interaction of
solid and liquid dying waste, as the OM
content increased with increasing soild dying
waste rates and irrigated with liquid waste.
Considering the soil content of
macronutrients the results indicated that
TSE and IE irrigation increased significantly
the soil N, P and K. This increase was the
highest in the top soil (0-30 cm), and
decreased with depth increased. The
highest values of these nutrients were
reported in soil irrigated with IE. Several
researchers reported on the accumulation
of N, P and K in the soil with wastewater
application which was attributed to the
original contents of these nutrients in the
wastewater applied.

Soil heavy metals and

micronutrients content

The results revealed significant variations
in the concentration of heavy metals in soil
among sites and between seasons inside
the same site. This trend may be cormrelated
with the soil properties that influence heavy
metal availability at different sites. As
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shown in Tables 8 & 10, the mean values of
heavy metals and micronutrients increased
by many folds in soil irrigated with IE as
compared with that in the virgin soil. Also
when compared with those irrigated with
TSE. As expected the tested heavy metals
and micronutrients recorded significant
values in soil collected from EAR than that
collected from both EGAF and ARF. In this
concern, Xiao-Li et al. (2010) mentioned that
the toxicity and the mobility of heavy metals
in soils depend not conly on the total
concentration, but also on their specific
chemical speciation, their binding state, the
metal properties, environmental factors and
soil properties like pH, organic matter
content , redox conditions and root exudates
acting as chelates.

it was detected that the mean values of
all tested heavy metals and micronutrients of
ail the studied soils exceeded the maximum
allowable concentration according to FAO
and WHO 1993.

Conclusion

Based on these results it can be
concluded, that proper management of
wastewater  irrigation and periodic
monitoring of soil fertility and quality
parameters are required +{o ensure
successsful and safe long term reuse of
wastewater for irrigation. The long term
wastewater irrigation has led to
contamination of soils and food crops in the
study area. The authors strongly
recommended that it must be do not use
the industrial effluent in irrigation the crops
that eaten by human or animals because
these lead to bioaccumulation of heavy
metals that cause risks to the consumers,
scince dietary of food results in long- term
low body accumulation of heavy metals and
detrimental impact becomes apparent only
after several years of consumed these food.
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