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HE PRESENT study was conducted to test the ability of rock

phosphate, applied as a single amendment, to remediate heavy
metals such as Fe, Mn, Zn, Cu, Co, Pb, Ni and Cd phytotoxicity in
industrial sfudge-polluted soils. A factorial field experiment was
carried out using a virgin sandy soil at the Experimental Station of the
Egyptian Atomic Energy Authority, Egypt. Industrial sludge and rock
phosphate were added at the rates of 0, 20, 40 and 80 ton/fed and 0,
100, 200 and 400 kg/fed, respectively. Sorghum (Sorghum vulgare)
was used as an indicator plant and after 70-day growth period,
sorghum shoots and roots were taken. oven-dried at 70 °C and dry
matter yield was recorded. Sampies of sorghum shoots and roots were
dry-ashed for determining of tested heavy metals content.

The obtained results show that industrial sludge (IS) application
significantly increased the dry matter (DM) yield of both sorghum
shoots and roots and these increases were more obvious with the
application of rock phosphate (RP) as compared with the control.
Heavy metals content in sorghum plants increased with increasing IS
application while the application of RP at any rate reduces the heavy
metals content in plant in most cases. Increasing the rate of applied IS
irregularly increased the content of Ni in sorghum organs. Application
of RP, soundly and significantly reduced Co content in sorghum
shoots and roots. The obtained results clearly show that plants grew
best in the presence of rock phosphate and did not accumulate tested
heavy metals to the same extent as sludge alone-treated soil.

Keywords: Remediation, Sorghum, Industrial sludge. Rock phosphate,
Heavy metals.

Sewage sludge is valuable source of nitrogen, phosphorus and organic matter,
however, industrial sludge may contain concentrations of heavy metals that can
limit their acceptability for use on agricultural land. Land disposal of municipal
sewage sludge and effluents has been recently attracting the public eye because of
the disposal problems associated with increasing amounts of these wastes produced
by urban and industrial activities. Land disposal is often more economical than
other treatment alternatives (Andriano, 1986). One of the major environmental
problems associated with land use of sewage sludge is the addition of potentially
toxic heavy metals to soils and can cause potential problems such as phytotoxicity
or elevated metals transfer to food chains.
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In developing countries like Egypt, little attention is focused on pretreatment
of urban or industrial wastewater sludge. Mostly the sludge is directly mixed
with agricultural soiis as supplement fertilizer. In absence of any pretreatment of
sewage sludge to remove any excess of toxic elements from sludge, it is feared
that their presence accelerates uncontrolled absorption of metals by various parts
of plants and fruits during growth creating a potential health hazard.

Government regulations are becoming more stringent with regard to the
addition of such materials to soils used for the production of food crops.
Therefore, success or failure of sludge utilization in agriculture depends not only
on sludge properties and loading rate but also on chemical and mineralogical
characteristics of soils to which sludge is applied. Sewage sludge utilization on
agriculture land must be regulated to minimize the heavy metals contamination of
soils. Guidelines have been adopted in many countries, but with widely differing
recommendations. These guidelines are based on one or more of the following:

Heavy metals concentration in applied sludge and loading rate to agriculture
land may not exceed defined limits,

These heavy metals are less likely to cause problems if added in several small
increments rather than in large increments,

Heavy metal concentrations in soil may not exceed defined limits and
Fertilizer value (nitrogen and phosphorus).

The concentration of heavy metals in sewage sludge is largely dependent on
the types and amounts of urban and industrial discharges into the sewage
treatment systems and to the amount added in the convenience and treatment
system.

Remediation of excessive soil metals in situ is receiving new attention
because the alternative, soil removal and placement, is very expensive, requires
disposal of the removed soil and may achieve no better environmental
remediation than in situ treatments (Kukier & Chaney, 2000). Removal of heavy
metals accumulated in soils is necessary to reduce their risk and several problems
related to the presence of high levels of such metals in soils.

Thus, the objective of this study was to evaluate the effectiveness of rock
phosphate to reduce the plant availability of tested heavy metals for sorghum
plants grown on a sandy soil treated with different rates of industrial sludge.

Material and Methods

A virgin sandy soil at the Experimental Station of the Egyptian Atomic
Energy Authority, Egypt, was used to establish a field experiment. Different
characteristics of the used soil were determined according to the standard
methods outlined in Page er al. (1982) being shown in Table |. Dredged
industrial sludge was collected from Mostorod Industrial Wastewater Collector
Drain, North of Cairo, Egypt, air-dried, ground to pass through a 2 mm sieve and
prepared for analysis. Sludge analyses and rock phosphate were listed in Table 2.
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The study was a randomized complste block design (factorial) with three
replicates. The area of each plot was | m’. The factors under study were:
industrial sludge (4 treatments 0, 20, 40 and 80 ton/fed) to get different heavy
metal-polluted soils and additives (4 treatments 0, 100, 200 and 400 kg rock
phosphate/fed). Prior to fertilization and seedling, sludge and different additives
(rock phosphate) at the aforementioned rates were added to the soil, thoroughly
mixed in each plot to a depth of approximately 30 cm, watered to saturation and
drained to flush the soil pore volume. The moistened soil was left for 2 weeks to
allow chemical equilibrium to occur and then was re-mixed prior to seed
planting,

TABLE 1. Some physical and chemical characteristics of the tested soil.

a - Physical
Particles size distribution % Textural
Sand Silt Clay class
90.5 6.3 3.2 Sandy
b - chemical

CEC | EC* | pH** | CaCO3 | Organic
matter

Mole | dSm’! % wl owl el - 1 . -
. % Ca [Mg | Na K {CO; |HCO; 1 C! | SO,
Kg
01 0.5 82 1.0 1.7 810831104 - 21 1201 20

* in saturation extract.
** in 1 : 2.5 soil water suspension.

TABLE 2. Elemental content of the used industrial siudge and rock phosphate.

,—— Total elements

Elements N P K Fe Mn Zn Co | Co| Cr Ni Jf?d Pb

(%) (mg/kg)

Industrial | 2.10 | 0.74 | 025 } 1375 | 5865 | 2989 | 489 | 485 | 298 | 665 | 365 | 2125
studge

Rock --- - - 75 {31571 105 | 215) 35§ 26 {3881 23 163
phosphate
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Sorghum (Sorghum volgare) was used as an indicator plant. Nitrogen
fertilizer as urea (46.5% N) was applied at a rate of 50 kg/fed at three equal
doses during growth stage (germination, vegetation and before the flowering
stage). Fot each plot, about 100 grains of sorghum were planted and-laterthinned
to 80 plants per plot. Moisture content of the soil was maintained at about field
capacity, through the entire growth period. At day-70, sorghum shoots and roots
samples were taken. The roots were washed with tap water to remove any
adhering soil particles and then shoots and roots were rinsed 3 times with
distilled water. Plant samples were oven dried at 70 “C to a constant weight,
finely ground in a stainless steel mill and samples of the powdered material
(1.0 g each) were dry-ashed in a muffle furnace at 450 "C for 16 hr. Ashed plant
samples were digested with 2 ml of concentrated HNO; on a hot plate and then
refluxed for 2 hr with 10 ml of 3 M HCL. .

Digested samples were filtered and diluted to 25 ml. The described digestion
procedure is a modification of AOAC method No. 895 (Issac, 1990). Samples
were analyzed for Fe, Mn, Zn, Cu, Co, Ni, Cr, Pb and Cd using Atomic
Absorption Spectrometry (AAS) with background correction.

Surface soil samples were collected at the end of the experiment. Tota! and
DTPA-available Fe, Mn, Zn, Cu, Co, Nij, Cr, Pb and Cd were determined
according to standard methods of Page ef al., (1982) using Atomic Absorption
Spectrometer (AAS).

Statistical analysis
Biological data for experiments was statistically analyzed, using statistical
software program (PC-Mstat) according to Power (1985). ANOVA (Two ways)
and Least Significant Deference (L.S.D) were determined according to Gomez &
Gomez (1984).
Results and Discussion

Total and available heavy metals in soil as affected by sludge and Rock
phosphate treatments

Total Fe, Mn, Zn, Cu, Co, Cr, Ni, Cd and Pb in tested soil as affected by
sludge and rock phosphate application are shown in Table 3. As shown in Table 3
increasing sludge rate of application up to 80 ton//fed has significantly increased
total heavy metal content in soil by several order of magnitude. The application
of sludge to agricultural lands has caused many people to express concern about
the safety of this practice. They are concerned that the metals may either
accumulate in soils to levels that cause phyto-toxic conditions or accumulate in
plants at levels that adversely affect the health of the consumers. Aitken er al.
(1997) indicted that (after using industrial sludge for 4 years) the high rate of
applications increased the soil content of Zn, Cr, Ni, Cu and Pb especially in
depth of 10-15 cm. A high heavy metal content of sludge is the most important
hindrance to their use in agriculture. Although Purves (1977) reported that in

_ practice the concern with using sludge commonly is only their phyto-toxicity due
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to excesses of Zn, Cu, and Ni, their content of Cd in particular, as well as of Pb
and Hg, should be of concern as serious health risks.

TABLE 3. Total heavy metals content in soil as affected by sludge and Rock

phosphate application.
Sludge | Rock -
Rate phosphate Total heavy metal content (mg/kg)
ton /fed
kg / fed
Fe Mn Zn Cu Co Cr Ni Cd Pb
Control 0 7900 431 205 189 | 225 | 122 | 328 | 230 138
100 8020 409 227 | 201 [ 200 { 136 | 348 | 2.80 132
200 8210 385 | 241 { 217 { 185 | 163 | 37.0 | 340 | 119
300 8420 330 | 248 {243 | 149 | 188 | 419 | 400 |- 110
Mean 8138 389 [ 230 | 213 j 19.0 | 152 | 366 | 3.1 125
20 0 22140 737 258 1292 ) 329 | 204 ) 479 | 520 | 235
100 23170 705 285 3 311 | 314 ] 21.7 | 482 | 570 125
200 24140 | 673 | 305 | 356 ] 29.0 | 23.5 | 527 | 650 | 219
300 26030 579 | 339 } 362 ) 276 | 25.7 | 56.8 | 7.00 | 211
Mean 23870 674 297 | 33.0 | 302 | 228 | 514 | 6.10 198
40 0 27380 811 358 | 326 ) 379 | 268 | 558 | 790 | 243
100 28060 782 373 ) 34.1 | 360 | 288 | 57.6 | 8.50 | 234
200 25330 | 747 | 393 | 37.7 | 33.1 | 313 | 605 | 9.10 | 227
| 300 30350 | 71t | 421 | 406 | 299 | 341 | 62.8 | 950 | 217
Mean 27780 | 763 | 386 | 363 | 342 | 303 | 59.2 | 875 | 230
80 0 32830 883 | 480 | 376 | 41.2 | 374 | 628 [ 104 | 262
100 35440 815 502 | 382 | 382 1 399 | 645 11.0 | 248
200 34710 | 779 | 529 | 427 | 353 | 344 | 67.8 | 117 | 236
300 36450 724 | 552 | 44.8 { 322 | 469 | 71.0 } 12,1 | 226
Mean 34858 800 | 516 | 40.8 | 36.7 | 39.7 | 665 | 11.3 | 243

Zinc increased from 205 to 552 mg/kg due to industrial sludge application. As
it could be seen, total-Zn in amended soil exceeds the permissible levels (250
mg/kg Zn according to Kabata - Pendias & Pendias (1984) by several orders of
magnitude. Totai-Cu, in tested contaminated soils was within the permissible
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levels (rank from 18.9 to 44.6 mg Cukg) while Cu levels in soils which
considered being toxic is in the range of 60-125 mg/kg according to Kabata -
Pendias & Pendias (1984).

Total Co levels ranged from 14.9 to 41.2 mg/kg and the application of RP
tend to decrease total Co levels. Rashad ef a/. (1995) found that the normal level
of Co in the alluvial soils of Nile Deita ranged between 3.7 and 5.5 mg/kg with
an average of 4.7 mg/kg. Concerning contaminated Egyptian alluvial soils little
work was done on cobalt. El-Leithi (1986) studied the effect of industrial
activities on the soils of Nile Delta. He found that total content of Co in these
soils ranged between 1!.2 and 36.1 mg/kg with an average of 23.7 mg/kg. El-
Gamal (1980) found that total Co ranged from 30.36 to 41.40 mg/kg with an
average of about 36.5 mg/kg in El-Gabal El-Asfar soil irrigated with industrial
sludge for several years. Total Cr in tested contaminated soils was also within the
permissible levels according to Alloway (1990), Cr-toxic levels ranged between
75 to 100 mg/kg. Twenty one surface (0 — 30 c¢m) soil samples were collected
from different locations in Egypt representing non- moderately and highly
polluted soils (Abdel-Sabour & Zohny, 2003). The results indicated that Cr
content in non-polluted soil samples ranged between 17.57 to 25.0 mg/kg.

Chromium content in moderately polluted soils ranged between 34.65 to
41.45 mg/kg. The highest Cr levels ranged from 71.97 to 87.03 mg/kg were
observed in soil samples collected from, either highly polluted agricultural soils
due to prolonged irrigation with industrial wastewater or surface soil samples
- from industrial sites. Abdel-Sabour et al. (1998) reported that total Cr content in
different Egyptian soils which varied between 11.6 up to 179 mg/kg depending
on soil types and land usage (e.g., agricultural practices, exposed to industrial
activity or solid or liquid waste disposal).

Total Ni enhanced in treated soils from 32.8 to 71.0 mg/kg. Whereas the
normal total content of Ni levels in the alluvial soils of the Nile Valley and Delta
ranged between 21.0 and 44.0 mg/kg (average = 32.0 mg/kg) as reported by
Rashad er al. (1995). However, very small amount of this total was found in
available form, it ranged between 0.38 and 1.04 mg/kg (with an average=0.66
mg/kg). The impact of intensive industrial activities on soil characteristics and
total Ni content was evaluated (Abdel-Sabour & Rabie, 2003). The amount of
total Ni in uncultivated control soil (A) ranged between 40.8 and 43.8 mg/kg, while
in cultivated control soil (B) ranged between 52.0-67.0 mg/kg. Rashad er al. (1995)
reported that the amount of total Ni in nonpolluted alluvial soils of Nile Delta
ranges between 21.0 and 44.0 mg/kg with an average of 32.0 mg/kg. While the
contaminated soils showed higher values ranged from 98.0 and 177.0 mg/kg.

The application of sludge and/or RP enhanced total Cd levels in tested soils to
a serious level up to 12.1 mg Cd/kg . Normal total-Cd in soils lies between 0.04-
1.0 mg/kg, and toxic level of Cd ranged between 3-8 mg/kg (Kabata - Pendias &
Pendias, 1984). Lund et al. (1981) reported that total Cd content in soils of non-
polluted are usually 1.0 mg/kg. The information obtained from a survey of the
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natural levels of Cd in a great number of samples representing the major crop-
producing areas in Egypt indicates that total Cd contents in the sandy soils range
widely from 2.6 to 15 mg/kg (Kandil, 1994; Sedky, 1995 and Mohamed, 1998).

Total lead ranged between 138 to 226 mg/kg due to IS and/or RP
treatments. The situation of Pb in some Egyptian soils was elucidated by
Yousry & El-Sherif (1977). They reported that Pb ranged between 58 and 282
mg/kg. Concerning contaminated alluvial soils of Egypt, El-Sabbagh (1991)
and Ramadan (1995) found that industrial activities and irrigation with
wastewater increased both total and available Pb in the surface layer of soils at
Mostorod area. El-Sabbagh (1991) found that the total Pb content in the surface
layer ranged between 17.0 and 48.0 mg/kg with an average of 29.0 mg/kg,
While, Ramadan (1995) reported that the total content of Pb ranged between
84.4 and 101.1 mg/kg with an average of 92.8 mg/kg,

Rock phosphate is often used as a soil amendment to supply Ca and P. On
the other hand, RP application resulted in a slight increase in tested heavy
metals levels in soil in case of Fe, Zn, Cu, Cr, Ni, and Cd while Mn, Co and Pb
levels decreased. Analysis of sludge and RP samples showed that sludge
contains 1375, 5865, 2989, 489, 485, 298, 665, 36.5 and 2125 mg/kg of total
Fe, Mn, Zn, Cu, Co, Cr, Ni, Cd and Pb, respectively. While RP contains 7.5,
31.5, 105, 21.5, 3.5, 26, 38.8, 2.3 and 163 mg/kg of total Fe, Mn, Zn, Cu, Co,
Cr, Ni, Cd and Pb, respectively.

Knowledge of soil total content of heavy metals provides only limited
information; as this can seldom be correlated with availability to plants and
does not show how the metal is bound in the soil. DTPA extraction was
assumed to simulate plant available fraction and used widely to evaluate bio-
available metals fractions. Similar trend for available tested heavy metals was
observed due to both sludge and RP application. As shown in Table 4 DTPA-
extractable heavy metals increased due to sludge or RP addition. Available Fe
ranged between 6.5 up to 18. 5 mg/kg. Concerning the contaminated soils,
Yousry et al. (1982) found that the DTPA extractable Fe in Helwan soils which
lie between the industrial area ranged between 0.7 and 20.0 mg/kg. In the soils
of El-Saff area which are irrigated with industrial wastes, Rabie e al. (1996)
reporied an increase in DTPA extractable especially in their surface layer.
El-Nasher (1985) found that available Fe increased 17 folds due to irrigation
with sewage effluents. Hassan (1997) in his study on the soils of Mostorod
area found that DTPA extractable Fe ranges from 6.0 to 29.0 mg/kg in the soils
irrigated with industrial effluents compared to 2.5 mg/kg in the non-cultivated
soils in the same area. It is of interest to mention that soils containing less than
4.5 mg/kg available Fe are considered as deficient soils, as reported by
Lindsay & Norvell (1978).
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TABLE 4. Avaiiable heavy metais content in soil as affected by sludge and rock

phosphate application.
ﬁ;ﬁe ph(l)qs(;:l:‘atc DTPA-extractable heavy metal content (mg /kg)
ton /fed -

kg / fed Fe Mn Zn | Cu | Co Cr Ni Cd Pb

Controd 0 6.50 576 { 735 1 0981 0.67 ) 083 } 063 ] 038 | 3.0
100 685 1 614 1 7891107 078] 09510770457 399

200 7.10 641 | 8281 117 t 08511121087 10531 426

300 7.53 672 | 893 [ 133 1097 13210817063 [ 435

Mean 700 { 626 {811 114 1082) 106] 0801 050] 405

20 0 753 6.87 P8} 18s 152 212f 1811 1.97 64
100 g4] 8§88 11221203 15912314192} 115] 680

200 9.67 916 | 128 {231 V165 246207 ) 128 709

300 1006 1 958 [ 1385244 11711274234 (140 ] 752

Mean 9.17 | 862 [ 127 1216 162241 204 | 1231 695
40 0 1072 1 1028 [ 182 [ 393 11921425} 29 1215 1141
100 1360 [ 1336 § 192 1 421 | 267 ) 466 | 351 | 226 ! 12.25
200 1425 | 1406 | 199 } 4.69 [ 262 | 504 [ 378 | 239 | 1248
300 1471 | 1455 1 207 ] 5001 3.05 | 550 { 3.96 § 256 | 1263
Meati 13.3 1 1306 [ 195 1446 | 264 | 486 1 354 | 2.34 | 12.19

80 0 1524 | 1511 | 228 1 638 ) 321 [ 656 { 418 1 378 | 1321
100 1661 1 16539 | 245 | 669 | 361 | 707 | 473 | 396 | 14.72
200 1772 11778 { 248 [ 738 [ 393 | 768 ) 519 | 418 ] 1594
300 1851 ] 1862 1257 1 792 1416 ] 830 ] 551 | 433 | 1681
Mean 1702 1 17.03 ] 245 ) 7.09 [ 373 | 745 | 490 | 404 | 15.81

Availabie Mn increased from 5.8 up to 18.6 mg/kg due to sludge treatment.
El-Leithi (1986) found that DTPA-extractable Mn ranged between 5.01 and
34.43 mg/kg with an average of 19.7 mg/kg in contaminated alluvial sotls of
Nile-Delta. Ramadan (1995) studied the effect of industrial activities on the soils
of Mostorod area. He reported that the concentration of available Mn in the
surface layer ranged between 7.40 and 16.98 mg/kg with an average of 12,19
mg/kg.

Available Zn ranged between 7.35 up to 25.7 mgkg, while reported normal
levels of available Zn ranged between 2.6 and 9.6 mg/kg with an average of 6.31
mg/kg (Rashad er al., 1995) while Abouiroos ez al. (1996) reported that this value
ranged between 0.73 and 4.44 mg/kg with an average of 2.10 mg/kg. '

Available Cu increased due to sludge and RP appiications from 0.98 10 7.92
mg/kg. Rashad er al (1995) found that normal available Cu levels ranged
between 1.2 and 9.4 mg/kg with and average of 5.73 mg/kg.

On the contrary to total Co levels due to IS and/or RP treatments, available
Co enhanced due to both treatments. Available Co increased from 0.67 upto 4.16
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mg/kg. Rashad et a/. (1995) indicated that available Co normal levels in Egyptian
soils ranged from 0.04 to 0.11 mg/kg with an average of 0.07 mg/kg. Aboulroos
et al. (1996) reported that the concentration of available Co in these soils ranged
between 0.13 and 0.28 mg/kg with an average of 0.19 mg/kg.

Both DTPA-extractable Cr (ranged from 0.83 to 8.30 mg/kg) and Ni (ranged
from 0.63 to 5.51 mg/kg) increased due to IS and/or RP application with similar
trend as Zn, Cu, and Co. Cd ranged between 0.38 up to 4.33 mg/kg while
Aboulroos et al. (1996) recorded 0.02-0.04 mg/kg (average 0.018 mg/kg) for
available Cd in normal Egyptian soils. Regarding available Cd in the surface layer
off contaminated soils, 0.57-0.79 mg/kg was reported with an average of 0.68
mg/kg (Ramadan, 1995). Concerning the levels of available-Cd in tested soils, data
showed highest values than there reported for Egyptian soils. Rashed et o/ (1995)
reported that available Cd in normal alluvial ranged between 0.03 to 0.06 mg/kg
however, in contaminated soils Rabie ef al. (1996) reported that avaiiable-Cd in El-
Saff contaminated soils was about 0.35 mg/kg. Our data indicate that sludge
addition enhanced DTPA-Cd concentrations 0.50, 1.23, 2.34 and 4.06 mg/kg due to
increase in sludge addition 0, 20, 40 and 80 ton/fed, respectively.

Higher levels of available Pb were obtained in this study compared to
previously reported data. Rashad et al. (1995) found that the normal level of
available Pb ranged from 1.4 to 2.5 mgkg with an average of 1.9 mgkeg.
Abouiroos et al. (1996) recorded 0.78-2.46 mg/kg with an average of 1.39 mg/kg
for available Pb in these soils. While reported available Pb levels in contaminated
soils was ranged between 4.37 and 10.63 mg/kg with an average of 7.5 mg/kg
(Ramadan, 1995). Pb ranged from 3.6 up to 16.81 mg/kg due to sludge addition.
RP can contain heavy metals, salts, and other possible contaminates and their use
as soil amendments may be constrained by a lack of knowledge about their
potential environmental effects.

It is worth mentioning that the rate of increase in available-Zn was the highest
amongst the tested metals. While the opposite was true in case of Cd. Similar
trend for available Cu, Cr and Cd was observed, however the rate of increase of
available Cd was the highest (8.13 folds of control), followed by Cr (7.00 folds
of control), then available Cu was increased by 6.22 fold of control due to sludge
addition. The lowest rate if increase in available-Zn was noticed (only 3.02 folds
of control). Rashed et al. (1995) indicated that available-Cu in alluvial soils of
Nile Delta ranged between 1.2 and 9.4 mg/kg with an average of 5.73 mg/kg.
Aboulroos et al.(1996) reported that normal levels of available-Cu ranged
between 1.26 to 3.78 mg/kg.

Generally, organic waste application to agricultural land has added to the heavy
metals pool in soils and has been the subject of many studies (Chang er «/. 1984;
Chaney, 1992 and Abdel-Sabour & Mohamed, 1994). Heavy metals originating
from various organic waste sources accumulate in soil surface, and their fate
depends on soil chemical and physical properties. Movement of heavy metals with
water in soils requires that the metal be in the soluble phase or associated with
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mobile particulate. Organic matter and hydrous oxides, as ionic sorption sites,
strongly affect metal mobility in the soil profile.

Plant yield

Data obtained as indicated by the dry weight of plant shoots and roots (Fig.1)
show that plant growth was positively affected by the application rate of
industrial sludge (IS), which could be attributed to the addition of plant nutrients
within the sludge treatment. These results are in agreement with those obtained
by Aboulroos ez al. (1989); King & Hajjar (1990) and Mehana & Farag (1999).
Data also shows that application of rock phosphate (RP) significantly increased
yield of sorghum shoots and roots. Increasing the rate of applied RP increased
slightly the yield of sorghum shoots and roots as shown in Fig. 1.
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Fig.1. Dry matter yield of sorghum plants (Kg/m?) as affected by industrial sludge
and rock phosphate application.

Heavy metals in plant

Nutritive trace elements (Fe, Mn, Zn, and Cu) significant increase in sorghum
due to IS application while synergetic effects were observed due to RP
application Tables 5 and 6 . The later behavior could be easily explained by P
and Ca (due to RP application) interactions with other trace elements.

Results obtained in Table 5 show that application of IS increased Co content in
sorghum shoots and roots with increasing the application rate of IS. In this concern,
the rate the rate of increase in Co content was 47.8, 119.2 and 179.1 % when Is was
applied 20, 40 and 80 ton/Fed respectively. The comparable increases in Co content
in sorghum roots were 46.7, 68.7 and 84.4 %, respectively. The mobility of Co is
strongly related to the kind of organic matter in soils. Organic chelates of Co are
known to be easily mobile and moved to soil profile. Co organic chelates may also
be readily available to plants. This is especially pronounced at higher pH and in
fearly drained soils.
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TABLE 5. Heavy metals content in sorghum shoots (mg/kg) as affected by rock
phosphate application to industrial sludge-amended soil .

Rock Heavy metals content in sorghum shoots (mg/kg)
Sludge | phosphate
Rate kg / fed -
ton /fed Fe Mn | Zn | Cu | Co | Cr Ni Cd | Pb
Contro! 0 389 | 231 (203 (21.7 1212 13.7 (239 26 | 143
100 383 | 159 | 182 | 192 119.2 | 123 | 232} 2. 128
200 361 | 137 | 170 | 149 | 175 | 103 [ 20.7 | 1.8 | 116
300 332 | 117 ) 162 | 123 | 136 | 750 [ 175 ] 1.3 | 105
Mean 366 | 161 | 179 | 170179 | 11.0 | 213 2.0 [ 123
20 0 838 | 469 | 437 | 33.7 | 314 (247 (363 | 45 | 225
100 823 | 444 | 343 | 31.7 | 294 | 220 | 341 | 42 | 213
200 794 | 421 | 337 | 282 | 274 | 200 | 31.0 | 3.7 | 200
300 777 | 431 | 312 1239|241 | 158 (283 | 3.1 | 181
Mean 808 | 441 | 360 | 294 | 28.1 | 206 [ 324 | 3.9 [ 205
40 0 1061 | 508 | 494 | 38014651267 ]398 64 | 236
100 995 | 476 | 469 | 36.7 | 33.0 | 246 | 37.3 | 6.1 | 222
200 966 | 458 | 352 | 328 | 29.7 | 22.1 | 345 | 56 | 211
300 942 | 429 | 389 [ 26.0 | 26.1 | 185 | 31.5| 5.1 | 189
Mean 991 | 468 | 426 | 334 | 33.8 | 23.0 | 358 | 58 [ 215
80 0 1331 | 533 | 587 | 41.8 | 593 | 31.0 ) 449 | 87 | 251
100 1086 | 520 | 551 | 39.6 | 35.1 [ 293 | 419 | 84 | 232
200 984 | 500 | 577 | 344 | 323 | 245382 | 7.8 | 218
300 955 | 474 | 527 [ 29.0 | 276 | 22.1 | 352 | 7.3 | 203
Mean 1089 | 507 [ 561 [ 36.2 | 38.6 | 26.7 | 40.1 | 8.05 | 227
LSD s
S 62.2 | 15.1 | 266 | 0.70 [ 0.52 | 0.76 | 0.57 | 0.7 | 3.5
RP 330 | 125] 122 | ns. | 068 | ns. [ 075 ]| 05 | 4.6
SxRP 659 249533140137/ 152 | ns. | 1.4 | ns.

Application of RP significantly decreased the contents of Co. The rates of
decrease in Co content of shoots were 26.3, 32.5 and 42.2 %. as a result of
applying 100, 200 and 300 kg RP/fed, respectively. The comparable values in
roots were 6.6, 14.6 and 27.4 %, respectively. Abdel-Sabour & Rabie (2003)
investigated Co-content in ten vegetables plant namely, Abelmashus, Carden,
Onion, Jews mallow, Spinach, Radish, Celery, Chard, Rocket, Lettuce and
sorghum grown on either normal or contaminated soil of the Mostored area. It is
clear from the study that vegetables grown on contaminated soil showed a
highest accumulation of Co especially in the leafy plant such as Lettuce,
Spinach, Carden, Rocket and Radish. Most of the investigated plants
accumulated high amounts of Co, which exceeds very much the normal range.
Rocket recorded the highest content of Co (61.3 pg/g) followed by Celery
(39.7 pg/g), Spinach (32.3 pg/g), Jews mallow (32.1 pg/g), Onion (31.5 pg/g),
Lettuce (29.4 pg/g), Chard (28.8 pg/g) and Carden (25.7 pg/g). Though Radish
and Abelmashus recorded the lowest contents of Co (11.6 and 13.7 pg/g,
respectively), sorghum showed as high Co as 16.8 mg/kg, but these levels
exceeds the normal range as reported by El-Sokkary (1988). They found that
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under normal conditions, the concentration of Co in the leaves of some plant
species ranged between 0.01 and 4.30 mg/kg with an average of 2.16 mg/kg
which is similar to those reported by Bowen (1979). He reported that the
concentration of Co in edible vegetables ranged between 0.01 and 4.60 with an
average of 2.31 mg/kg. Application of RP decreased the uptake of Cr in sorghum
shoots and roots by several order of magnitude.

TABLE 6. Heavy metals content in sorghum roots (mg/kg) as affected by rock
phosphate application to industrial sludge-amended soil .

Sludge Rock Heavy metals content in sorghum roots (mg/kg)
Rate phosphate :
ton /fed| kg/fed
Fe | Mn [ Zn | Cu | Co | Cr Ni Cd | Pb
Control 0 530 | 284 | 257 | 247 | 225|167 283 | 39 | 151
100 521 | 215 | 238 | 232|200 | 151|269 | 3.5 | 129
200 502 | 186 | 220 | 20.0 [ 185 | 12.7 [ 248 | 3.1 | 119
300 492 | 157 | 183 | 152|149 (933 [22.1 | 24 [ 110
Mean S50 | 211 [ 225 [ 20.8 | 190 | 135255 | 3.2 | 127
20 0 1331 ] 485 ] 324 | 389(33.0 | 283 ) 402 | 55 | 259
100 1170 | 398 | 300 | 35.1 | 31.4 | 26.4 | 384} 5.2 | 225
200 997 | 373 | 280 | 31.9 | 29.0 | 233 | 35.6 | 4.6 | 216
300 969 | 338 | 270 | 273 | 276 | 204 | 32.6 | 4.1 | 207
Mean 1117 | 399 | 294 | 333 | 303 | 24.6 | 36.6 | 4.85 | 227
40 0 1461 | 518 | 396 | 41.8 ( 379 | 323 | 473 | 7.8 | 267
100 1262 | 429 | 372 [ 379 | 36.0 | 30.7 | 457 | 7.5 | 234
200 1083 | 410 | 345 | 33.7 [ 33.1 | 25.8 | 43.1 | 6.9 | 227
300 976 | 382 | 332 {293 [299 | 230|383 63 | 211
Mean 1196 | 435 | 361 | 357 | 34.2 | 28.0 [ 43.6 | 7.13 | 235
80 0 1940 | 610 | 521 | 48.1 [ 414 | 36.0 | 542 | 9.7 | 288
100 1760 | 525 | 493 | 44.4 | 384 | 32.5( 523 | 9.3 | 248
200 1511 | S11 | 467 | 388 | 346 | 30.4 | 48.6 | 89 | 236
300 1270 | 494 | 450 | 334 | 255|259 | 435 | 83 | 226
Mean 1620 | 535 | 483 [ 41.2 | 35.0 | 31.2 | 49.7 | 9.05 | 250
LSD s

S| 1371594 (193099 | 132|104 (080] 07 | 2.7
RP | 972 536|779 ns. | 1.75 | ns. [ 106 ] 0.6 | 3.6
SxRP 194 1107 | 387198 35 208 ns. [ I.5 | 7.6

Data obtained in Table 5 show that IS application positively affected Ni
content in sorghum shoots. It was 44.86 pg™' (under application of 80 tons IS per
fed in absence of any application of RP). Increasing the rate of applied IS was
occulted with an increase in Ni content in shoots. The rate of increase was 51.5,
64.1 and 87.4 % due to the application of 20, 40 and 80 tons IS/fed, respectively
in absence of application of RP. The rate of increases in roots Ni were 42.0. 67.1
and 91.3 %, respectively. Application of RP decreased Ni content in plant. The
rate of decrease in Ni-content in shoots due to applying 100, 200 and 300 kg
RP/fed was 5.6, 14.1 and 22.3 %, respectively. The values for the response in
roots were 3.9, 10.5 and 19.7, respectively.
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Data obtained in Tables 5 and 6 show that IS application positively affected
Cd content in sorghum shoots and roots. Cd concentrations in tested samples
were higher than normal levels reported for Egyptian field crops (< 0.3 mg/kg
according to Aboulroos et al, 1996). Cadmium uptake by plants depend on: (a)
plant species , (b) chemical form of the element in soil (Koeppe, 1977), (c)
occurrence of other elements notably competing heavy metals, and of
complexing legends, and adsorption sites associated with the solid phase, (d)
available Cd in soil solution, and (e) soil and weather conditions. Abdel-Sabour
et al. (1998) investigated ten vegetable plant species, collected from field at
industrial area northern greater Cairo city. The soils at this location have been
subjected to prolonged industrial wastewater irrigation (more than 35 years).
Results revealed that vegetable plant species varied in their affinity to accumulate
metals in their edible parts.

Results in Tables 5 and 6 show that industrial sludge application increased
significantly Pb content in sorghum plant. As it could be seen that Pb tend to
accumulate in roots than in shoots. Greater content in roots than shoots may
reflect a limited translocation of Pb from roots to shoots. This finding is in
agreement with those obtained by Kabata-Pendias & Pendias (1984). Maize (Zea
mays) and sesame (Sesamum indicum) were grown in field plots to evaluate crop
uptake of selected heavy metals as affected by heavy metals from industrial
sludge compost in Egypt (Abdel-Sabour & Abo El-Seoud, 1996). The effect of
rate of application was investigated to assess the potential heavy metals entry into
the food chain, and their possible adverse effects on the capacity of sandy soil to
sustain the growth of the growing crops. Based on the results from these set of
experiments, industrial sludge compost application to sandy soil significantly
increased Pb levels in both plant samples.

For the application of rock phosphate, it was significantly decreased the
content of Pb in plant, particularly as the rate of application increased up to 300
kg/fed. Basta & Gradwah! (1998) reported that treatments of soil with RP
reduced plant available Pb (Ma & Rao, 1997) demonstrated that RP has a
potential to cost-effectively treat Pb-contaminated soils. Ma et al. (1997) reported
that rock phosphates were effective in immobilizing Pb from aqueous solutions
and considerable reduced its water-soluble contaminated soils by 56-100 %,
respectively. Previous studies have shown that the interactions of apatite with
dissolved Pb are caused by the dissolution of apatite grains concomitant with the
precipitation of lead orthophosphates (pyromorphites). Inducing the formation of
lead phosphate compounds [e.g., pyromorphite Pb5(P0O4)3-(X) where X = OH,
F. or Cl] in contaminated soils may reduce the bioavailability and chemical
lability of Pb in soil. Laperche et al. (1997) investigated apatite amendments to
control the bioavailability of Pb in contaminated soill. A Pb-contaminated soil
was treated with natural and synthetic apatites, and the bioavailability of Pb was
determined in plant uptake studies with sudax (Sorghum bicolor). The Pb content
in shoot tissue decreased as the quantity of added apatite increased. However, Pb
and P contents in the plant roots increased as the quantity of added apatite
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increased. In the absence of apatite amendments, Pb content in the shoot was 170
mg/kg dry weight; apatite decreased the shoot Pb concentration to 3 mg/kg.
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