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ABSTRACT : The aim of this research is to study the effect of
irrigation with treated sewage water (SW) on heavy metals up-take
and accumulation in plants cultivated in different soil types (have
been irrigated since many years ago with SW) comparing to various
irrigation water sources.

The results showed that heavy metals (Pb, Cd, Ni and Co) were
highly accumulated in silty loam soil over loamy sand soil of pots
cultivated with wheat and radish. Accumulation and concentration of
heavy metals tend to be in the following order, Pb > Ni > Co > Cd.
Mean of total accumulation and concentration showed that, soil
irrigated with sewage or ground waters (GW) were highly
contaminated with heavy metal than other irrigation water sources.

The mean of total concentration of each pollutant in wheat grains
and radish leaves showed the following descending order in both
heavy and light soils, Ni > Pb > Co > Cd. Irrigation with SW caused
the highest Cd, Pb and Co accumulation as well as GW which
increased Ni accumulation in the treated plants. Contrary,
agriculture drainage water (ADW) and treated sewage water (TSW)
showed the lowest Ni, Pb and Cd accumulation. Cadmium, Pb, Ni
and Co availability concentration factor (CF) to plants was affected
mainly with irrigation water sources, heavy metal chemistry, and
concentration in the soil and the growing plant.
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INTRODUCTION

‘Every year, River Nile brings
large amounts of water (55.5
billion m® / year, according to
1959 Nile Waters Agreement
between Egypt and Sudan), 86.1 %
of this water withdrawal used in
agricultural purpose which is
available to irrigate not less than
95% of the agricultural area
(7790400 fed. according to FAQO,
1996) which means that there is 5
% deficiency. By the year 2000,
another 2208000 fed (28.3 % of
total agricultural area) are planned
to be reclaimed (Toshky, Ewainat
and the East of El-Tafrea).
Accordingly, the total estimate of
69.4 billion m® Jyear is needed,
increasing the deficiency of water
requirement to 323 %. The
additional water resources is
expected, as reported by Abu-Zeid,
1992, to be available from :

I. Ground water (7.8 billion m’/
year).

2. Increastng use of agricultural
drainage water (7.0 billion m*/
year)

3. The increase in treated waste
water  (El-Gabal  El-Asfar
Station, 1.1 billion m’/ year)

. Marzouk, etal

These sources could add
nearly 16 billion m® / year which is
available to  decrease  the
deficiency percentage of water
requirement. But these sources
have many constrains. The main

constrain is water pollution.

In the past, the pollution was
small enough that its effect on
water quality has generally been
within acceptable limits. A total of
59 industrial out falls as well as
total of 79 agricultural drains are
located along entire course of the
River are discharging into the Nile
(FAO 1996). It creates big
complicated pollution problems.

The human activities also
caused a strong i{mpact on the
occurrence of heavy metals in the
surface water. Industrial societies
use large quantities of metals,
which would otherwise not be
readily available. The release of
metal wastes into environment
occurs in many forms including
direct discharge of industrial waste
water, and agricultural run off and
seepage into ground water from
waste disposal sites.
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Heavy metals can then be taken
up and concentrated to extremely
high level by plant tissues during
the growing season, which
consequently accumulate in fruits
(Alloway, 1995). Furthermore, the
impact of the heavy metal on plant
physiological processes, respiration,
photosynthesis, carbon allocation
and stomatal function are affected
(Darrall, 1989). The growth,
chlorophyll content, transpiration
rate and relative water content are
affected by heavy metals,
(Gadallh, 1996). Accordingly,
this experiment was conducted to
evaluate the effect of using treated
sewage water and different
irTigation water sources on heavy
metals contamination in different
soil types that were irrigated for
many years with sewage water.
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MATERIALS AND
METHODS

Two soil types (have been
irrigated since many years ago
with sewage water), loamy sand
and silty loam soil were collected
from the rhizosphere zone of El-
Gabal El-Asfar and Tahanoub
agricultural area, Qalubia
governorate. Each soil type was air
dried, ground and passed through
2-mm sieve to remove rocks, plant
residues, and other large particles.
Soil sample of 5.0 kg was sub-
divided and placed in polyethylene
bags. Some physical, chemical
properities, soil texture and
organic matter percentage of the
investigated soils are presented in
Tables 1 and 2.

Table 1. Chemical characteristics of soil samples.

pH EC Soluble cations (meqg/l) Seluble anions OQ.M* SP**
Collecte ' {meqg/1)
dsoil (1:2.5) q
Suspe 950 M Ca" Mg" K' Na® HCO; CF SO7 % %
1]
]i';fl 75 2.1 243 443 04 212 775 1479 592 327 60.00
Ls‘:::l‘y 75 131 7.03 227 078 391 575 336 488 197 1933

* Organic matier

*# Saturation percentage
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Table 2 . Particle size distribution of soil samples.

Particle size distribution of the studied soil

Seil sample

Clay (<0.002) Silt (0.002-0.02) Sand (>0.02)
Silty loam 23.10 65.70 11.20
Loamy sand 10.42 5.98 83.60
Wheat (Triticum aestivum) drainage water (ADW) were
was seeded in winter and radish collected monthly during winter
(Raphanus sativus) in summer and summer seasons from

during 2003/2004 & 2004/2005
growing seasons. Wheat and radish
were thinned to 3 and 5 plants per
pot after 21 or 15 d from sowing,
respectively.

Different  irrigation  water
sources, Nile water (NW), ground
water (GW), and agricultural

Tahanoub, while sewage water
(SW) and treated sewage water
(TSW) were collected from El-
Gabal El-Asfar Station. Heavy
metals content (Cd, Pb, Ni and Co)
during winter and summer seasons
of the different irrigation water
sources are presented in Table 3.

Table 3. Heavy metals concentrations ( ml / 1 ) in different
irrigation water sources at Qalubia governorate
during winter and summer seasons.

Heavy metal concentration (mg/L)

Irrigation
Sources* winter season, 2003/2004 summer season, 2004/2005
Cd Pb Ni Co Cd Ph Ni Co
NW 0.001 0066 0569 0.003 0.315 0344 0.313 0.014
GW 0.001 0.060 0.747 0.005 0.431 0360  0.537 0.006
ADW 0.004 0002 0525 (.0 0449 0309 0.591 0.021
SwW 0.006 0189 0.627 0.012 0.008 0.708 0.313 0.019
TSW 0.004 0.149  0.504 0.007 0.002 0.618 0.248 0.012
Permissible limits* 0.01 5.000 0.200 0.050 0.01 5.000 0200 0050

* NW= Nile water, GW= Ground water, ADW= Agricultural drainage water, SW= sewage water

and TSWe treated sewage water

*# Permissible limits in irrigation water, National Academy of Science (1972).
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During the experiment,
fertilizers (urca 46 %, and super-
phosphate 16 %) were added to the
pots with the rate of 0.6 and 0.35
g/pot of wheat and 0.6 and 0.9 g/
pot of radish, respectively.
Irrigation was practiced to keep
soil almost at their field capacity
for a period of growoing season.

Soil samples were collected at
the beginning and the end of the
growing seasons from pots, air
dried, sieved through 2 mm and
average of heavy metal
concentrations were calculated.
Planis were harvested after 160 and
75 d. for wheat and radish,
respectively.

Heavy metals, Cd, Pb, Ni
and Co determination was
conducted according to Shaole
et al. {1997) and Allen ef al,
(1997).

RESULTS AND
DISCUSSION

Heavy Metals Accumulation in
The Grown Soils

Data presented in Tables (4 - 7)
show that, accumulation amount
and accumulation % of Cd, Pb, Ni
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and Co changed significantly
according to element character, soil
type and irrigation water sources in
the two growing seasons for both
wheat or radish.

Wheat pots

In silty loam and loamy sandy
soil, data presented in Tables 4 and
5 indicate that irmigation with NW
showed the lowest relative
accumulation % of Cd and Co
followed by GW, TSW and ADW
comparing with SW irrigation water
source. Relative accumulation % of
Cd and Co with NW ranged
between 20.0 — 55.3, and 11.4 -
442 at the 1¥ season and 39.8 -
61.4, and 31.6 — 55.6 at the 2"
season in silty loam and loamy
sand soil, respectively. Also,
irrigation with NW decreased the
accumulation % of Pb compared
with sewage water followed by
GW, ADW and TSW. Irrigation
with TSW showed the lowest Ni
accumulation % ranging between
64.77 -62.09 or 54.23-52.31, in
silty loam or loamy sand soil at the
1* and 2™ seasons, respectively.

Radish pots

In silty loam and loamy sand
soils, data presented in Tables 6
and 7 indicate that soils irrigated
with ADW and GW increased the
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relative accumulation % of Cd and
Ni more than SW, but it decreased
when  irrigated with TSW.
Irrigation with ADW decreased Pb
accumulation % lower than SW
being 38.1 and 30.4 or 35.3 and
28.1%, followed by NW, GW and
TSW in silty loam or loamy sand
soil at the 1% and 2™ seasons,
respectively. In addition, irrigation
with GW and TSW showed the
lowest Co accumulation % than
other irmigation with water sources
‘which ranged between 58.3 — 51.7
%, and 55.5 — 50.7 %, at the 1*
season and 55.6 — 72.29 and 50.5 —
70.71 at the 2™ season in silty loam
or lomy sand soil, respectively.

From the above results, it is
indicated that, irrigation with SW
caused the highest significant
contamination level of Cd and Co
in silty loam or lomy sand soil, this
may be due to the nature of SW
which contains high amount of
organic matter as compared with
the other irrigation water sources
which lead to the formation of
organo-metal complex and causes
accumulation (Denny and Wilkins,
1987).

Increasing Cd, Co and Pb
accumulation in soil irrigated with
ADW more than GW or NW may
be attributed to the higher pH value

Marzouk, efal.

of ADW than GW or NW in both
summer and winter seasons
(Marzouk, 2003), which negatively
related to the mobility and
leachability of these elements in
the soil profile (Yujun et al., 1996).
In EPA  (USA-Environment
Protection Agency),1995 report, it
was stated that high Pb level can
result in more salinity soil. The
highest accumulation % of Ni was
observed when soil was irrigated
with GW than SW. This may be
attributed to the high level of Ni in
water, especially in  summer
(Abbdein, 1986, Liu et al, 1994,
Badran, 1999 and Marzouk, 2003).
On the contrary, Ni contamination
in soil irrigated with GW was
significantly lower than SW, that
could be attributed to OM content,
which is higher in SW than GW
which positively related to Ni
adsorption (accurulation), and
considered as the main factor

influencing  metal  adsorption
(Sheila, 1994).
From the previous results

regarding Cd, Pb, Ni and Co
concentration and the mean of
accumulation % of total heavy
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metals content (Tables 4 - 7), it is
concluded that :

1. Generally, all of studied heavy
metals were highly accumulated in
silty loam soil over lomy sand soil
in both wheat and radish pots
which could be attributed to the
high organic matter % of silty loam
soil (Table 1). These results are in
agreement with Yujun ef al., 1996,
who stated that soil organic
constituents usually have smaller
surface areas than inorganic soil,
therefore, the total soil surface area
was expected to decrease in light
soil than heavy soil which may
contribute to  heavy  metal
adsorption.

2. Accumulation and concentration of
heavy metals tend to be in the
following order, Pb > Ni > Co >
Cd. This was in agreement with
King, 1988 and Eugenia 1996, who
found that overall soil types the
relative retention of metals was in
the following sequence, Pb> Ni>
Co > Cd. Also, concentration and
accumulation % of Pb, Ni, Co, and
Cd is higher in radish pots (Summer
season) than wheat pots (winter
season) that may be closly related
to their concentration in irrigation
water according to Mowaty et al.,
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2005, who mintioned that tfotal
concentration of heavy metals (Cd,
Ni, Pb and Co) in all Egyptian
irrigation  water  sources were
higher in sumer than in winter. As
well as, there are more than 26
factories discharge their industrial
wastes info surface water in
Qalubia governorate, as reported by
Ahmed,1986. Increasing Pb
accumulation in soil over other
elements may be attributed to that
Pb element strongly adsorbed by
soils and forms  insoluble
crystalline compounds over other
heavy metals, (Santillian Medrano
and Jurinak 1975).

However, all the studied
elements were below the toxic
limits of agricultural soil except the
loamy sand soil irrigated with SW,
which contained the highest
amount of Pb.

From the mean total of
relative accumulation % oftotal
heavy ' metals content, it is
concluded that irrigation with NW
or TSW during summer and winter
seasons caused the lowest
accumulation % of total heavy
metals in the different soil types
pre-irrigated with SW.
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Table 4 . The effect of irrigation water sources on decreasing heavy metal accurnulation in different
soil types pre-irrigated with sewage water at 2003 - 2004 wheat growing season.

Trrigation Heavy metal concentration (ug/g dw) Mean
Sell  waier Cd Fb ™ Co of
WP®  sources' comen’  acc® relative' comen’  acc? relative comcn®  ace? relativet  comen’  acc? relative* dotal

beginend amoumt acc, % begin end  amoun acc. % begin end amoum arc. 3% begin emd = amown acc. % ace b

NW L1038 L1111 0083{4 200 14735 13022 2870 394 4LITD 42.16° 0.59% ¢ 954 23.370 24.044 0.174 552 B2.E
GW  L10% L1112 &004e 267 14735 150.59 32408 4485 4L5T0 42343 0.733a 1231 23870 14035 0215« 633 657
ADYW 1108 1119 0.611b 733 147.3F 15103 3.480e B5O.F 41570 42.098 0.5284 %41 23870 24159 0.28%% 91T  T49
SW L1163 L123 0.015a 1000 147.35 154.63 7.280e 1000 41570 42.198 0.628bh 1000 23.870 24.18%5 0.31Fa 100.0 1300
TSW 1108 1118 0.06c £6.7 147.35 153,24 £.890h 809 41570 41977 0.407 ¢ 648 13.370 24.073 0.203d 644  §9.2

NW  0.523 0.584 €001lg 167 78320 79.260 0.940j 321 37.000 37.366 0.366h 341 13750 13302 0.052; 441 443
GW 0523 0584 0.00lg 167 78320 79.380 LOGD{ 362 37.000 37.444 D.444e 1021 ILTHD 13.814 0.066h HF9 51T
ADW 0.583 .53 0003f 50.0 73.320 79.530 L2110k 413 37.008 37273 0.2731 62.8 13.TEO I3.844 0.0%4g¢ TRT 586
SW  0.583 0.58% 0.006d 1000 TE320 $1.250 2.930« 1090 37.000 37.435 0.435f 1008 13.750 13.868 0.113f 100.0 100.0
TSW 0.583 0.58 0.003f 500 78.370 80.280 L.960¢ 66.5 37.000 37,236 0.236j 543 137650 13.30% 0.0591 500 383

Loamy sand Sikiy leam

Permissible Hmii® 5000 100000 100.000 $0.000

1 = NW=Nile water GW= Ground water ADW=Agricultural drainage water SW= sewage water end TSW= treated sewage water
2 = heavy metal concentration = {conen at the beginning + concn at the end)/2

3 = heavy metal accumulation amount = ¢onch at the end - concn at the beginning.

4 = relative heavy metal accumulation percentage = accumulation amount in the soil / accumulation ampunt in SW sofl * 100.

£ =Toxic limits : permissible Hmits for agricultural soil, Anderson et al., A%73) and Tictjen, Q975).

Cd = Cadmium Pb~ Lead Ni= Nickel Co~Cohalt

The figuers followed by the same letters are insignificant.



Table 5. The effect of irrigation water saurces on decreasing heavy metal accumulation in different
soil types pre-irrigated with sewage water at 2004 - 2003 wheat growing season.

Lrrigation Heavy metal concentration (ug'g dw) Mean
Soil  water Ccd i ] MNi Co of
P sources’ comcm’  ace’ relative®  comen®  acc? relative®  concn®  acc? relatve’ comen®  acc? relative* total
beginend amewmt acc.%o b end  amoun acc. % begin end  amoun ace. %% begin end  amoun ace. % ace. 4
NW L125 LI3T 0.002f 333 15453 155.04 0.510f 415 d1.668 42992 0.324c¢ 333 24362 24476 0.114e 510 54.8
! GW 1.129 LI32 0.083d 500 156.29. 126.82 0530 43.1 43.084 43.567 0.483 a 1242 24.295 24450 0.165c 323.2 T6.4
A ADW 1139 Ll4d 0.005% £33 15498 15585 0.580d 47,2 43.049 43319 0.280. 720 24679 24.75% 0.180%h 963 74.7
g Sw 1130 1136 0006« 1000 165.00 166.23 1.230a 1000 42.785 43.144 0.38%% 1000 24545 24.732 0.187a 1000 1000
TSW 1122 L1%6 0.0B4c 667 16187 16284 09700 789 42384 42.625 0241 ¢ 62.0 24330 24479 0.149d TO.7 TL%
,‘ W 0538 0.538% 8.001f 333 8L000 S:L230 €220 333 37695 37883 0.188h 689 13.93% 13.99]1 0.083§ 558 47.3
[/ GW 0.528 0.589% 0.001f 333 81340 21600 02401 364 37.906 38.210 0.304d 1114 13.893 13962 0,075 789 G6E.0
E ADW  0.592 0.593 0R01f 333 20970 £12200250h 375 30951 38.132 0.171i 626 1408 14.086 0.033¢ 874  5E.]
:1 SwW 0.591 0.§94 00834 1000 359830 £6.640 0.660¢ 100.0 37.82F 38.098 0.273f 1800 14017 14112 0.095 £ 1000 1008
TSW 0887 0.582 0.00%2e 667 83810 834.250 0.440 g 66.7 37.488 37631 0.143§ 524 13904 13969 00655 684 63.6
Permissihle lmit 5.000 100000 100,000 50000

1 = NW=Nile water GW= Ground water ADW-=Agricultural drainage water SWe= sewage water and TSW- treated sewage water
2 = heavy metal conceniration = {concn at the beginning + comcn at the end)/2

3 = heavy metal accumulation amount = concn at the end - cencn at the beginning.,
4 = relative heavy metal accumulation percentage = accumulation atmount in the soil / aceumulation amount in SWsofl * 100.
& =Taxic limnits : permissifile limits for agricultural soil, Anderson et af., (1973) and Tictjen, {1975).
Ni= Nitkel
The figners followed by the same letters are Insignificant.

Cd = Cadmium

Pb= Lead

Coa=Cohalt
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Table 6 . The effect of irrigation water sources on decreasing heavy metal accurnulation in different
soil types pre-irrigated with sewage water at 2003 - 2004 radish growing season.

Irrigation Heavy metal concentration (ug/g dw) Mezn
Soil water cd b Ni Co of

tpe  sources! conca’ ace? relative*  concrd acc? relative®  concr’ accd relative®  concn® acc? relativet total

beginend amownt acc. % begin end  amewn acc. %% hegin end  amown acec. % begin end  amounw ace. %0 ace. %

NW LIl 1125 6014c 2000 15021 154.53 4310« 4LE 42169 42.668 0.49% ¢ 396 24044 24362 0318 383 1849

.'. GW 1112 1290 0.01Th 2429 150597 135629 £700c 558 42343 43.884 0,741 b 1330 24085 24295 0.210. 483 1113
'g, ADW  L119 1139 D020« 2857 15LD3 15498 3.950f 381 42098 43.84% 0.951a 170.7 24159 24572 0,420 1167 1528
& SW 1123 L130 00074 1000 15463 165.0010.370a 1000 42.198 42.755 0.557d 1000 24.135 24545 0.360% 100.0 1000

TSW 1118 1122 0804 $7.1 15324 16187 2.630h 832 41977 42,384 0.407 ¢  73.1  24.073 24330 0.2357d 714  TLZ
2 NW 0584 0.588 0.004e 2000 79.250 3L00D L7405 368 37.366 37.695 0.3194 844 13802 13938 0.136h 9L3 1031
& GW  0.584 0,528 0.004e 2000 79380 81,360 L980h 419 37.444 37.906 G462 f 1185 13,316 13393 0.977§ 517 1030
E ADW 0586 0.592 0.006€ 3009 79.530 20.970 L440§ 30.4 JN.27TI 37951 0588 ¢ 1764 13344 14003 0.150F 067 1534
3 SW 0529 0.59] 0.002¢ 100.0 21250 85920 4730d 180.0 37435 37825 0.390%h 1000 13.858 14.617 0.24%¢ 1000 1080

TSW  0.586 0.587 0.001h 508  £0.230 £3.810 3.530¢ 746 37.236 37488 0.252) 646 13809 13904 00951 638 633

Permissible hmit 5000 100000 160000 50,000

1 = NW=Nila water GW= Ground water ADW=Agricultural drainage water SW= sewage water and TSW- treated sewage waier
2 = heavy metal concentration = (concn at the beginning + conen at the gnd)/2

3 = heavy metal accumulation amount = concn at the end - conen at the heginning.

4 = relative heavy metal accumulation perceniage = accumulation amount in the soil / accumulation arount in SW soil * 100,

5 =Toxic limits : permissible limits for agricultural soil, Anderson et ol., (1973) and Tictjen, (1975).

Cd = Cadmium Pb= Lead Ni= Nickel Co=Cobalt

The figuers followed by the same letters are insignificant.



Table 7. The effect of irrigation water sources on decreasing heavy metal accumulation in different
soil types pre-irrigated with sevage water at 2004 - 2005 radish growing season.

Irrigation Heavy metal concentration {ng/'g dw) Mean
Seil  water Ccd Fb M Co of
P gources' comen’  ace? velative  comen®  accl relative?  comem® ) acc) relative  comen®  acc? relathe’ total
begineml amouni acc. % begin end amoun acc.% begin end  amown acc. % hegin emd  amouw acc. % acc, %
NW LI12T L143 0.016¢c¢ 2008 15504 185608 1.040e 391 42992 43379 6.3374d 898 24476 24,667 0.)91c¢ 368 1039
5 GW 1320 1123 0.021%h 262.F 156.82 158.05 12304 463 43567 44.155 0.588% 1364 24.460 24.882 0.122e Z55 1262
= ADW L1144 L167 D.023e 287.5 15556 ES56.50 890g 353  43.329 44066 0.737a 1TLO 24759 25006 0247« 1123 15LéE
g SW  L136 L1444 0.008g 1000 16623 168.8% 2.660¢ 1000 43,144 43.578 0.431¢c 1000 24730 24952 0220% 1000 100.0
TSW L12 L134 6008g 1006 162.34 164.8520101l% 75.6 426325 42966 D.34le 7.1 24479 24638 0.1594 713 818
2 NW 0289 0597 0010f 2000 81320 8L&70 04505 324 37.883 37978 00951 305 13.991 14.045 0054k 783 978
14 GW 0,529 0.501 0.0)2a 240.0 81600 $2.130 0.530h 331 38.210 38.355 9.145 ¢ 1229 131.948 14003 00355 507 1129
E‘ ADW 0593 0606 040134 2600 81.220 $1.610 0.390) 281 38132 38315 0,183 Ff 1ISE1 1408 14.156 0.0T0F I0L4 1362
E SwW 0.594 0.F99 0.00fh 100.0 8&640 28.180 1.3%0 ¢ JOD.0 38.09% 32216 0.112h 1000 14112 14.1831 0.06% ¢ 1600 1000
TSW 0289 0592 0.0031 600 R4.250 £5.180 0.930£4 66.9 37631 37,713 0082 695 13969 14018 90497 710 6.9
Permissible limif 5000 100000 100,000 \ 50.000

1= NW-Nile water GW~ Ground water ADW=ggricultural drainage water SW= sewage water and TSW= tmaied sewage water
2 = heavy metal concentration = (concn at the beginning + concn at the end)2

3 = heavy metal accumulation amount = concn at the end - concn at the beginning,
4 = relative heavy metal accumulation percentage = accumulation ampount in the soil / accumulation amount in SW sofl * 100.
5 =Toxic limdts ; permissible limits for agricultural soil, Anderson et al., (1973) and Tictjen, (1975).
Ni= Nickel
The figuers followed by the same letters are insignificant,

Cd = Cadmiam

Pb= Lead

Co=Cobalt
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Heavy Metal Accumulation In
The Grown Plant

Tables 8 -11 showed that Cd,
Pb, Ni and Co were detected
during the growing seasons in
wheat grains and radish leaves
which grown in silty loam or
loamy sand soil and the
concentration differed significantly
in various irrigation water sources.

Cadmium content

In wheat grains, Cd content
reached the hieghest concentration
when wheat was imrigated with SW
being 3.077 and 3.231 ug/g dw in
plant potted in silty loam soil and
2.376 and 2.495 ug/g dw in those
grown in loamy sand soil at the 1%
and 2™ season, respectively, and
followed by TSW> ADW> NW=>
GW.

Conversely, in radish leaves,
Cd content reached its hiegh peak
in plants potted in silty loam soil
and irrigated with GW with the
values of 3.36 and 3.427 ug/g dw,
and 2.157 and 2.2 ug/g dw in
plants grown in loamy sand soil at
1% and 2™ seasons, respectively,
followed by ADW> NW> SW>
TSW.

Lead content

Data (Tables 8-11) revealed
that, Pb was higher when wheat

Marzouk, ef al,

and radish were potted in silty
loam soil and irrigated with SW
than loamy sand during the two

growing seasons. Lead
accumulattion tend to be in the
following descinding order

according to irrigation water
sources, SW > TSW > NW > GW
> ADW in wheat grains and SW >
TSW > GW > NW > ADW in
radish leaves. The lowest Pb
concentration was seen in plant
potted in loamy sand soil irrigated
with ADW, reaching 7.844 ~ 8.236
ug/g dw m wheat grains, and
12.106 ~ 12.227 ug/g dw in radish
leaves during the 1% and 2™
seasons, respectively.

Nickel content

Nickel concentration in grains
showed different trend from that of
Cd and Pb pollutants. In silty loam
soils, the highest amount of Ni in
wheat grains or radish leaves was
detected when plants was irrigated
with GW, followed by SW > NW
> TSW > ADW in wheat grains
and ADW > SW > NW > TSW in
radish leaves, respectively.

Cobalt content

Cobalt  showed  different
pattern compared with Cd, Pb and
Ni pollutants. In Silty loam or
loamy sand soil, SW revealed the
highest significant concentration in
both wheat grains or radish leaves
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while imigation with GW caused
the lowest.

However, the mean of total
concentration of each pollutant in
wheat grains and radish leaves
showed the following descending
order in both heavy and light soils,
Ni > Pb > Co > Cd. This order is
positively correlated with the
heavy metal concentration in soil
which agrees with Said, 1980 and
Alloway, 1995,

Heavy Metal Availability To
The Grown Plants

Availability to wheat grains

Data presented in Tables 8 and
9 show that Cd, Pb, Ni and Co
availability (CF)} to wheat plant
was affected mainly with irmgation
water  sources, heavy metal
chemistry and concentration in the
soil. In silty loam and loamy sand
soils the availability of Cd and Co
to plants was high when plants
were irrigated with SW followed
by TSW > ADW > NW >GW in
the 1* and 2™ seasons, while were
concentrated  significantly in
grains. The highest CF value of Cd
and Co was 2.764 and 0.065 or
4.055 and 0.087 in grains of silty
loam and loamy sand soil, in the 1%
season, respectively . In the 2™
season, the highest CF of Cd and
Co values were 2.851 and 0.066 or
4.214 and 0.090 in grains when the
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wheat was grown in silty loam and
loamy sand soils, respectively.
Irrigation with SW and GW caused
the highest CF of Pb and Ni
Jespectively , while irrigation with
TSW caused the lowest values.
The highest Pb and Ni CF values
were 0.051 and (.049 or 0.346 and
0.351 in silty loam soils and 0.098
and 0.095 or 0.373 and 0.383 in
loamy sand soils, in the 1% and 2™
seasons, respectively.

Availability to radish leaves

Data presented in Tables 10
and 11 indicated that, in silty loam
soils, Cd, Pb, Ni and Co were more
available to radish plants when
irrigated with GW (0.886 and
0.884),than ADW (0.82] and
0.817), NW (0.761 and 0.763) and
SW (0.636 and 0.639), while TSW
showed the lowest (0.521 & 0.525)
in the 1% and the 2™ seasons,
respectively. Heavy metal
availability (CF wvalue) to radish
plant in loamy sand pots showed
the same trend as silty loam soil.

From foregoing results, it can
be concluded that, there were
relative  differences in heavy
metals uptake between wheat and
radish, which may be due to plant
cultivar and various factors
including surface area of the roots,
root CEC, root exudates and rate
of  evapotranspiration.  These
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factors affect the mass flow of the
soil solution in the vicinity of the
root and thus the movement of ions
to the root absorbing surface
(Alloway, 1995). Also, CF values
showed that Cd was readily
translocated to plant grains more
than other pollutants, followed by
Ni, Co or Pb. This is in agreement
with Chaney and Giordano, 1977,
who classified Cd as element
which readily translocated to the
extent, and Willaert and Verloo,
1992, who showed that acidified
fertilizers like (INHy), SO,
NH4NOQO; and urea increase water
soluble Cd in the soil. Lehoczky et
al, 2000, indicated that lettuce
leaves Cd concentration was 1.4 —
‘16 times as much as the total Cd
content of soil, That could be
attributed to  the increased
apoplastic Cd binding, (Hart et al.,
1998). The high accumulation of
Cd in wheat grains and radish
leaves planted in silty loam or
loamy sand soils irrigated with SW
followed by GW > ADW > NW is
related to the high CI' and low
Ca™* of SW (Table 1), which could
lead to Cd uptake as indicated by
Wenzel ef al., 1996. The increas of
Ni concentration in radish leaves
or wheat grains over Pb or Co, is
related to its higher concentration
in soil (Wild, 1988), or because Ni
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is one of the most soluble and
mobile among heavy metals in the
soil solution (EPA, 1995), and Pb
is more strongly adsorbed by soils
and forms insoluble crystalline
compounds (Santillian and Jurinak,
1975). In addition, SW increases
the pollutants accumulation in
plants. This may be attributed to
the low pH values of SW which
increase the availability and
movement of heavy metal cations
from the bulk soil to the root
surface (Marzouk, 2003 and
Alloway, 1995). The high organic
matters in SW, facilitate the
movement of heavy metals in the
soil, (Badran, 1999). The high
content of organic wastes give rise
to intense microbiological and
biochemical activity in  the
rhizosphere, which enable roots to
mobilize some of the metals
{Alloway, 1995, Scotti and Silva,
1988, and Kiranjit ez al., 1998).

The CF values of Cd, Pb, and
Co were higer in loamy sand soil
over silty loam soil. This may be
attributed to that the decrease of
soil particle size of silty loam soil,
which increase total adsorbed
surface areas compared with loamy
sand soil, (Hamon et al,, 1995 and
Yujun et al., 1996), and pollutants
were therefore more available to
plant grown in loamy sand soil.



Table 8 . The effect of irrigation water sources on heavy metal accumulation in wheat
grains compared to soil cantent (2003 -2004 growing season).

(74

Hrze§

Sofl Irrigation Mean heavy metal concentration (ug/g dw) Mean
type  water Soil (average cont) Wheat grains Mean cP of
sources’ Cd Ph Ni Co Cd Ph Ni Co Cd h Ni CO toialCF
= NW L1909 143.747 41868 23.057 1334z 46436 12476d 0.845f 4825 1203 0.031 0298 0.035 0392
E GW L110 148971 41957 23977 1.082i 4.224h 145022 0,724 h 5133 0.975 0028 0346 0030 0345
K- ADW  L113 149.192 418334 24014 20334 3.058j 92583 10714 3855 1827 0.0 0221 0.045 0528
g sSwW L1153 150990 41.884 24028 30T7a T7.743b 13.247¢ 155423 6,405 2765 0.051 &3ld 0065 0.792

TSW L113 150287 4L373 23971 2.470h 6.455¢ 10.347g 1063 c 5080 2219 0.4043 0248 0045  0.638
Mean L112 149.63% 41863 23.980 1009 5225 11966 1055 5061 L798  0.035 0.206 0.044 ’ 0.541
NW 0583 78.780 31183 13.776 L150h 5.343e )0.800f 0.565i 4480 1973 0.067 0.293 0.041 0.594
GW 0583 78.849 3227 13783 4816j 4518) 13.682h 05315 4937 1403 0057 0373 003 0448
ADW 0585 T8.827 3136 13797 1558f 3.948i 9.489h 0.823 g 3855 2.663 0050 025 0060 0.757
W 0.586 79.785 3T.218 13.809 2376¢ T.844a 12112 L208H 5885 4055 0.0 0325 0087 Ll41
TSW 0.585 79.20¢ 37118 13780 1.968e 6.053d 93993 0.878e 4575 3364 0076 0.253 0064 0939
Mean 0.584 Y0136 37.175 13.78% L574 5535 IL154 0801 ATes 2682 0070 0300 0.058 0.788
Toxic limits® 500 100.00 200.08 5000 =100 >80 >80 =115 CF' 10:10.0 0.01:0.1 0.1:18 0.010.1
1= W = Nile water GW = Ground water ADW = Agriculitural drainage water SW = sewage water and TSW = reated sewage water
2 = arerage concentration = (metal conceniration at the higninng in soil + metal concentration at the exnd in soil)2
3 = Concentration factor= metal concentration in plant/ toial metal conceniration in soil (Kloke ot al,, 1994)
4 = refevence value of CF (accerding to Kloke &i al. , 1994). ‘
5 = Toxic limits = toxic limits to the culiivated plant, according to Anderson et.al. . (1973), Tictjen, (1975) and Cottenie ot ol ., (1976).
The Figuers followed hy the same letlers are incignificant.

Loamy sand soil
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Table 9 . The effect of irrigation water sources on heavy metal accumulation in wheat
grains compared to soil content (2004 -2005 growing season).

Seil Errigation Mean heavy metal concentration {ug/g dw) Mean

type  waier Soil {average cont)y’ Wheat grains Mean cF of

sources’ cd Fb i Co Cd 3] Ni Ce Cd 13 M €0 ioial CF
= Nw L126 154.790 42830 24419 140lg 4.875f 130004 0.687f 5066 1244 00831 0306 083 0.404
g GW 1131 156,557 43.325 24377 L13Ti 4435h 15228a 0.760h 5390 1005  0.028 0.351 0.031 0.354
= ADW 1141 155270 43.189 24669 2.134d 3.211§ 9.728f 11254 4048 L8700 0.021 8225 0.046 0541
g sw L133 145.615 42949 24639 3231a 8.130b 13910c¢ L631a 6726 2852 0.049 0324 0.066 0.823
TSW 1124 162.357 42.505 24405 2593b 6.778c 10.864g 1137c 5343 2307 0042 6.256  0.047  0.663
Mean 1.131 158.918 42960 24502 20899 5485 12564 1.08 5315 1856 0034 0292 0.045 0557
? NW 0588 381113 37.78% 13964 1207h 5579e 10434f 05938 4703 2053 0068 0303 0.042 0617
E GW 0.589 81480 38.052 13930 04859j 4.744f 14576b 05585 5184 1458 0058 0.383 0040 0485
by ADW 0592 8L095 35046 14.044 1635f 40451 9963h 086dg 4152 2762 0051 0262 0.082 0.764
§ W 0592 86.3106 37.961 14084 2495¢ 8.236a 12.718e 1128% 6179 4215 0095 033  0.0M  Lie4
= TSW 0588 84028 37550 13937 2.066e 6.356d 98691 0.922¢ 4803 3514 0.076_ 0.253 6.066  0.980
Mean 0.590 82885 37893 139088 1652 5812 1L712 0841 5004 2800 0.0v8 0309 8060 0.010
Toxdic hﬂ__iss 500 100.00 100068 50.00 -lo0 =i > »115  CF' 18:12.0 0.01:0.1 0.1:L0 0.91.0.1

1= NW = Nile water GW = Ground water ADW = Agricultural drainage water SW = sewage water and TSW = treated sewage waier
2 = average concemiration = (meial conceniraton at the bigninng in soil + metal concentration at the end in soily'2
3 = Conceniration factor= metal conceniration in plant/ total metal concentration in soil (Kloke 2t al., 1994)
4 = reference value of CF ( according to Kloke ot al., 1994).
5 = Toxic limiis = toxic limits to the cultivated plant, according to Anderson e al. (19‘?3), Tictjen,(l??S) and Cottenie: of al. ,(19‘?6)
The Figuers followed by the same letiers ave instgrificant. -



Table 10 . The effect of irrigation water sources on heavy metal accumulation in radish
leaves compared to soil content (2003 -2004 growing season).

Soil Irrigatien Mean heavy metal concentration (ug/g dw) Mpan

type  water Soil (average coxt.)’ ‘Wheat grains Mean cP of

sowrcess Cd  Pb  Ni Co Cd  Ph Ni Co €4 Pb MiCO total CF
= W L118 152379 42418 24.203 2.878c 7.8564 15520g 12824 63834 25Y4 Q058 0366 08353 0,78l
E GW L121 153442 42714 24190 3.360a B510c¢ 19509a 0.797i 8044 2997 04855 0457 0833 10.886
_g ADW 1129 153005 42574 24369 3.001h &ls0g 18.787c¢ 1589 7407 2738 0048 0441 0055 0821
g W 1127 159817 42476 24365 22254 12.106a 17.46Te 2.057a R.464 1974 8076 0411 0084 0.836
TSW L1200 157558 42.180 24202 1.83lg 9.773b 139241 L3sdc 6723 1635 0962 0330 0056  0.521
Mean 1123 155240 42472 24266 2477 83841 17.041 1418 7494 2384 D037 0401 0058 0.725
r; NW 0.586 €0.132 37530 13870 L725h 590721 14974h 089Zh 5.666 2944 0063 0390 0964 0.868
lﬁ GW 0586 80,370 37.67% 13.854° 2.157e 5796h 178044 06215 6.595 3661 04872 0473 0045  1.068
? ADW 0,589 80250 37.617 13.923 19504 44327 1LTd6b 1087 f 6.296 3.326 B.II\SS 0471  0.078 0993
2 W 0590 B3.614 3T.6%0 13942 15181 7549 17330f 1.204e 6900 2573 0090 0.461 0086 0803
- TSW - 0.587 82044 37.382 13857 L2585 7.236f 13.0844 0988 g 5.642 2143 o008 0350 0.071 0.663
Mean 0588 81262 37563 13889 1723 6017 16180 0958 $220 2933 0074 0431 0069 03877
Toxic li.lll:i'bE 500 10000 190.00 5000 =>104 »50 =P8 »115  CF L0:10.0 0.01:0.1 §.1:L0 0.481-0.1

1= NW = Nile water GW = Groumd water ADW = Agricultural drainage water SW = sewage water and TSW = ireaied sewage water
2 = average conceniration = (metal concentration at the bigninng in sofil + metal conceniration at the end in soil)y2
3 = Conceniration factor= meial conceniration in plant/ total metal conceniration in soil (Kloke ei a2, 1994)
4 = reference value of CF ( according to Kloke ai al., 1994}, -
5 = Toxic Hmils, = foxic limiis to the cultivaied plani, according io Anderson ef ol., (1973), Tictjen, (19753 and Cottenie af al., (1976).

* The Figuers followed hy the same letiers are insignificant.
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Table 11 . The effect of irrigation water sources on heavy metal accumulation in radish
leaves compared to soil content (2004 -2005 growing season).

Soil Errigation Mean heavy metal concentration (ug/g dw) . Mean
type  waler Seil (average cnnt_.f Wheat grains Mean . CFe of
sources'  Cd _ Pb_ Ni__Co Cd __Pb Ni Co cd P» Ni €O whlCF
| NwW 1135 155564 43.186 24572 2.935¢ 773343 15675g 13073 6913 2586 00650 0383 0053 0.763
E W 1142 157439 43.867 24521 3.42Ta B8.552¢ 19.704a 0.813i 8124 3001 0.054 0.449 6833 0.884
,E ADW L1355 156.031 43.697 24882 3.153b 6.222¢ 1B975¢ 1.82ib 7493 2730 0.040 0434 0465 0417
g SW L140 167.556 43.360 24.842 2.269d 12227a 17.642e 2099z 8558 1900 0.073 0407 6.084 0.63%

TSW L138 163844 42796 24.550 1868z 9.871% 14.063i 1392¢ 4.799 1.683 0.060 9329 0.057 03525
Mean L140 160,087 43.380 24675 2730 8821 17.212 1446 7578 2392 0055 0.39% 0.858 0.726
NW 0.5%4 8l446 37.93¢ 14018 L760h 51231 15.124h 0910k 5729 2963 0063 239 0065 6373
GW 0.595 81863 38.282 13.985 2200 5825h 179824 0.534j 6.650 3.697 0.071 0470 8045 1071
ADW 0600 BY420 38227 14121 1998f 4476] I7.883L LI0Pf 6347 3330 0035 0468 0479 5963
sw 0506 87334 3B.157 14147 L5485 T.624e I7.504f 1228e 6976 2597 0087 0.459 0.087 (0.608
TEW 0591 84714 3672 13904 12835 7.308f 13.215) LOgg 5704 2171 0085 @351 0872 0670
Mean 0595 83355 38053 14053 1758 6071 16342 0978 6.287 2952 0072 0420 070 0.881
Toxie limits”  5.06 10600 100.00 50.00 100  =g0 >80 =115 CF' 1.0:109 0.01:8.1 0.1:1.0 0.01-8.1
1= NW = Nile water GW = Ground waier ADW = Agricultural drainage water SW = sewage water and TSW = treaied sewage water
2 = average concentration = (metal concextration ai the bigninng in soil + meial concentration at the end in soil)y’2
3 = Concentration factor= metal concentration in plant! tatal metal concentration ix soil (Kloke ot al,, 1994)
4 = yeference value of CF {according to Kloke ot al., 1994).
5 = Toxic limits = toxic limits to the culiivated plant, according te Anderson « ol., (1973), Tictjen, (1975) and Cottenie e al., (1976).
The Figuers followed by the same letiers ave insignificant.

Loamy sand soil
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This was in agreement with
Chaney and Giordano, 1977 and
Wild, 1988, who reported that the
amount of metal absorbed bya
plant is affected by concentration
and speciation of the metal in the
soil solution, and the movement of
the metal from the bulk soil to the
root surface. Vassilev et al., 1999,
indicated that the uptake of Cd by
winter barley was higher in plants
grown in sandy loam soil than clay
loam soil. Contrarly, Ni
availability in loamy sand soil was
lower than in silty loam soil that
may be due to that Ni is one of the
most soluble and mobile of heavy
metal in the soil. From these
results it could be concluded that
heavy metal availability and
accumulation in the plant 1is
affected by soil heavy metal or
OM contents, soil chemical and
physical properties (especially clay
%), leachability of element
(depending on chemical and
physical properties of the element),
and microbial activities. In
addition , heavy metal content of

irrigation waters, pH, salinity and
organic wastes content were also
changed with the time affected,
(Marzouk, 2003).

It should be mentioned that, the
detected pollutant levels in wheat
grains or radish leaves were the
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phytotoxicity limits according to
the standred limits {Anderson et
al., 1973, and Cottenie ef al,
1976).

Though this study confirms
that the treated sewage water can
effectively increase water resource
for irrigation especially in light
soil, but there is a need for
continuous monitoring of the
concentration of potentially toxic
elements in soil, plants and ground
water.
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