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Abstract: The bioavailability of trace elements, their biological uptake and ecotoxiccological effect on soil biota
can be better understood in terms of their chemical fractionation. The current study examined the mobility and
availability of Fe, Mn, Zn Cu Pb Ni and Cd in sewage water-irrigated soils using sequential extraction technique
as a basis for predicting element uptake by sunflower plants. The residual fraction has the most abundant pool
for all the investigated elements examined. The present study aimed to evaluate the agronomic performance
of  sunflower  crop  irrigated  with  treated  domestic  wastewater  compared to   normal  water (well water). The
experiment was conducted in complete randomized block design, consisting of five treatments.(T1): soil irrigated
with 100% well water +100 % of recommended (RR) of fertilizers. (T2): soil irrigated with 75% well water + SW
25% +75 % of recommended (RR) of fertilizers. (T3): soil irrigated with 50% well water + SW 50% +50 % of
recommended (RR) of fertilizers.(T4): soil irrigated with 25% well water + SW 75% +25 % of recommended (RR)
of fertilizers. and T5: soil irrigated with 0% well water + SW 100% +0 % of recommended (RR) of fertilizersusing
the Giza-102 sunflower cultivar. Some agronomic parameters such as plant height, leaf number, diameter of stem
and the head yieldwere measured. The combined use of wastewater and well water is an alternative for the
substitution of mineral fertilization with minimal damage to the productive potential and development of the
sunflower crop. Mixing of 25%of waste water with 75% well water (T4) gave the most improvement in agronomic
performance of sunflower plants and consequently produced the highest seed yield.

Key words: Wastewater treatments  Sequential extraction trace elements  Growth parameters  Chemical
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INTRODUCTION of treated, diluted and even raw domestic wastewater for

Nowadays, surface water resources of Egypt have of a more sustainable and integrated water resources
fully exploited and the ground water pump age reaching management, especially in water-scarce regions Egypt.
to the maximum limit [1]. Therefore, the need to looking for The use of wastewater in agriculture provides advantages
an alternative water resource is an urgent need. Treated such as reusing of water and the reducing the use of
municipal wastewater is a valuable water source for mineral fertilizers due to applied of organic matter and
recycling and reuse in some industrial and agronomic nutrients through irrigation and decreasing in the use of
application inMediterranean countries and other arid and good quality water. On the other hand, it has
semi-arid regions, which are confronting increasing water disadvantages such as the occurrence of negative
shortages. Water reuse can also help mitigation of climate environmental impacts to the soil-plant system,
change impacts on crop yields and dwindling water contamination of soil, surface water and groundwater and
resources [2]. Landscape irrigation, groundwater recharge toxicity to plants [4, 5]. Sunflower (Helianthus annuus L.)
and industrial applications, among other activities, are is an oleaginous plant with several uses such as wild bird
also being performed with treated wastewater [3]. The use food,  livestock  forage (silage), as ornamental in domestic

agricultural irrigation is becoming an essential component
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garden, biodiesel production and some other industrial MATERIALS AND METHOD
application edible, biodiesel, ornamentation, animal feed
and honey production [6]. Field Experiments: A field experiment was carried out at

Many studies confirmed the benefits of using Al Gabal Al Asfar Waste Water Treatment Plant (WWTP)
wastewater in sunflower, Carvalho [7] reported that during 2017to fulfill the objective of the present study,
treated domestic wastewater at the secondary level some chemical and physical properties of the investigated
allowed the production of sunflower biomass within soil illustrated in Table (1).
acceptable sanitary  standards  for  food  and  feed.
Weber  [8]   indicated   that   sunflower  irrigated  with The experimental treatments were as follows:
well-water and water produced from the treated oil by T1: Soil irrigated with 100% well water +100 % of
filtration and reverse osmosis, evidenced that the water recommended (RR) of fertilizers.
produced from filtered petroleum only modified the T2: Soil irrigated with 75% well water + SW 25% +75 % of
concentration of exchangeable salts in the soil, affecting recommended (RR) of fertilizers.
the vegetative growth and the accumulation of nutrients T3: soil irrigated with 50% well water + SW 50% +50 % of
in the roots and aerial parts of plants [9]. Rawashdeh [10] recommended (RR) of fertilizers
verified the maximization of seed yield and oil production T4: Soil irrigated with 25% well water + SW 75% +25 % of
in sunflower plants irrigated with treated domestic recommended (RR) of fertilizers
wastewater. Oliveira, [11] studied the effects of five T5: Soil irrigated with 0% well water + SW 100% +0 % of
dilutions of treated  domestic  wastewater  in  supply recommended (RR) of fertilizers
water on the development and production of sunflower.
They reported that irrigation with wastewater caused Sewage water effluents (100 %) were mixed separated
insignificant change on external diameter of flower bud, with well water for each plots using farrow irrigation
beginning of flowering and the full opening of head, while methods according the treatments described. Chemical
the wastewater favored the development of sunflower, and physical characterization of the irrigated waters
especially, when domestic wastewater was diluted with presented in Table (2). Nitrogen fertilizer was added at
well water. three equal doses and potassium fertilizer was added only

In assessing the environmental quality of once at flowering stage; however, phosphate fertilizer was
contaminated soil, the prediction of mobility and added to soil just prior to sowing. The experimental areas
bioavailability of metals is very important, since were ridged into sufficient numbers of experimental plots
deposition of trace metals  in  agricultural  soil  may 30 m each. Treatments were applied in a complete
become detrimental  to  plant  growth  or to the randomized block design with four replicates. Seeds of
consumers of the harvested vegetable crops, which sunflower   (Helianthus  annuus  L.  var.  Euroflour)
depends upon the chemical form of elements present in Geza-102  were  sown  in  the  first  week  of  April  2017.
the soils [12-15]. All agricultural practices  were  carried  out  as approved

The form in which trace metals exist in soil is very by Ministry  of  Agriculture  and  Land  Reclamation.
important to the environmental chemists as well as others After harvesting, soil samples were collected to determine
because of the close relation between toxicity and physical and chemical properties of the soil using
fractionation. Chemical fractionation of metals in soil may methods described by [18].
help to assess the bioavailable metals fractions and the Plants werecollected from each experimental plot,
possibility of mobilization of these metals in soil. Chemical yield and its  components/  plant  were  determined;
fractionation was defined [16] as the process of macro- and micronutrient contents of seeds were
classification of an analyte or a group of analytes from a determined. The obtained data were subjected to analysis
certain sample according to physical (e.g., size, solubility) of variance according to. [19]. the least significant
or chemical (e.g., bonding, reactivity) properties. Recently, differences (LSD) at P= 0.05 level was used to verify the
interest in determining the chemical form of metals in difference between means of the treatments.
environmental samples has increased. The interest has
arisen largely because of the awareness that it is the Laboratory Experiments: Fractionation of the
chemical forms, rather than metal itself, that plays an investigated heavy metal carried out to ascertain the
important role in the transfer of metals along the water- chemical partitioning of Fe, Mn, Zn Cu Pb Ni and Cd, in
soil-plant-animal-human chain [17]. agricultural  soils  repeatedly  irrigated  with  sewage
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Table 1: Physical and chemical soil properties of the experimental site
Physical properties Chemical properties
------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------
Sand Silt Clay Texture pH EC dSm CaCO  % OM % N P K-1

3

-----------------------%----------------------- -------------(ppm)-------------
43.21 46.46 10.28 loamy 7.30 0.74 0.45 0.59 107 3.0 57

water. For this purpose, five suitable sites were selected. treated wastewater (100%WS) characterized by high
The surface (0-30cm depth) soil samples were collected salinity in terms of (electrical conductivity). Dilution of
from these sites where sewage irrigation is being practiced treated wastewater by well water reduced the salinity up
on agricultural land. Bulking method was employed to to 45%. Data in Table 2 show that quality of well water
harmonize the samples of each site. A conning and used to irrigate the experimental field are classified in C2S1
quartering method was applied repeatedly to reduce the group according to[24], where, there is no sever hazards
sample volume of each site [20]. Each representative site for surface irrigation[25]. Salts concentration of
sample was prepared by mixing one sample with the other wastewater is an important parameter determining its
replicates from different grids of the same site to suitability for irrigation, according to salt tolerance of
overcome   spatial   variability.  The  soil  samples  were crops diagrams [26].
air-dried, sieved mechanically using 2mm sieve. Sequential Data also showed high concentration of soluble salts
extraction was performed using a five-step fractionation might limit its use for irrigation due itseffects on crop
procedure recommended by [21-23] in which the metals yield. It can be observed that dilution of the absolute
are divided into five fractions: exchangeable (F1), wastewater is the best practical option favored due to the
adsorbed (F2), bound to organic matter (F3), bound to availability of wastewater and its nutrients content makes
carbonates (F4) and residual (F5). it an attractive source of irrigation water with likely

RESULTS AND DISCUSSION particularly in Egypt, leading to the increasing use of

Characteristics of Irrigation Water: Table 2 illustrate the which is in acceptable range. Since the optimal range of
chemical properties of irrigation waters, the quality of pH of treated wastewater, treatment for irrigation is 6.5-8.4
both waters are in permissible limits for irrigation [29]. Data alsoshow that the high salinity of wastewater in
purposes except the parameters BOD and COD according terms of electrical conductivity. However due to the
to the  Egyptian code of practice (222/2002). However, the dilution  effects,   electrical   conductivity   were  gradually

fertilizer cost saving [27] and shortage of fresh water

wastewater [28]. The pH of the wastewater was 8.45,

Table 2: Chemical properties of diluted wastewater.
100% FW 75%FW+25%WS 50%FW+50%SW 25%F.W+75%SW 100% SW

pH 7.21 7.45 7.75 8.17 8.45
EC 0.73 2.09 3.15 3.65 3.78
TSS mg 467.2 137.6 2016 2336 2419.2l

TDS mg 198 936 4531 4489 75500l

BOD mg 59 89 103 178 383l

COD mg 101 131 183 438 798l

SAR 9.75 29.51 35.41 41.8 49.3
Ca ppm 43 249 461 749 930
Mg ppm 27 210 431 541 671
SO ppm 149 730 987 540 6214

Na ppm 41 98.5 278 364 398
Cl ppm 209 612 2041 2198 2231
Cu ppm 0.19 0.25 0.38 0.41 0.68
Fe ppm 2.1 4.15 8.45 10.98 13.81
Zn ppm 0.68 2.1 2.31 3.48 5.98
Co ppm 0.095 0.18 0.51 0.98 1.49
Pb ppm 0.051 0.081 0.1 0.78 0.83
Ni ppm 0.063 0.095 0.21 0.31 0.78
Cr ppm 0.031 0.098 0.15 0.34 0.83
Mn ppm 1.25 1.54 1.67 1.93 2.78
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Table 3: Characteristics of soil irrigated with diluted wastewater:

Parameter T1 T2 T3 T4 T5

pH 7.30 7.48 7.91 8.18 8.72
EC 0.74 0.93 2.08 2.65 3.98
OM% 0.59 0.68 0.89 1.15 1.48
OC% 0.31 0.36 0.47 0.61 0.78
Ca 49.80 143 381 439 630
Mg 35.18 281 391 411 531
Na 50.30 118 435 598 720
N ppm 143 239 361 549 630
P ppm 2.17 2.9.0 4.61 5.41 6.71
K ppm 149 330 487 542 622
Cu 1.39 3.13 4.17 4.59 5.16
Fe 3.81 3.89 4.13 5.16 6.52
Zn 1.02 2.79 2.93 2.95 3.11
Co 0.48 0.61 0.79 1.02 1.31
Pb 0.73 1.12 1.31 1.48 1.83
Cr 0.39 0.48 0.51 0.98 1.49
Mn 2.61 2.48 2.59 3.78 5.83

minimized up to 45% particularly at (25% treated the control treatment increased from 0.74 up to 3.98 dS m .
wastewater +75% deep well water) treated wastewater. The presence of soluble salt, sodium, magnesium and
Waste water not only is a supplemental irrigation water calcium in the wastewater can increase soil electrical
but also is a source of plant nutrients such as nitrogen, conductivity [35, 36]. Higher  values  of  macronutrients
phosphorus; organic matter [30]. In addition, wastewater (N, P, K.Ca and Mg) in the soil irrigated with diluted
is a valuable source of plant nutrients and organic matter compared with well water would suggest that there were
needed for maintaining fertility and productivity  levels  of improving in soil fertility, as indicated by
the soil [31]. Lubtti [32] stated that physical and chemical severalresearchers using solid waste or irrigation with
characteristics varied considerably between the two treated wastewaters [37-42]. They stated that
applied irrigation water types. As expected, compared to concentration of N, P and K were significantly affected by
the groundwater, the levels of most of the chemical irrigation with wastewater treatments, soil nitrogen
parameters were significantly higher in the wastewater, increased by wastewater treatments, because of plentiful
including for EC, Na+, K , Ca , Mg , TSS, SAR, COD, urea and nitrogen in urban wastewater. Nitrogen,+ 2+ 2+

BOD5, NH -N, phenols, PO -P and chlorides. However, in phosphorus and potassium concentration increased by4 4

the wastewater, all of these measured parameters remained irrigation with wastewater rather well water.
within the Egyptian code of practice (222/2002). [43] Reported that total soil nitrogen increased as the

Characteristics of Soil Irrigated with Diluted irrigation. In addition, potassium and phosphorus
Wastewater: Table (3) shows effect of wastewater increase in the soil due to wastewater application [34].
treatments  on   chemical   properties   of  treated  soil. In other study authors studied,  the  effect of
Data revealed that diluted wastewater, increased total irrigation with diluted wastewater, treatments (T2, T3, T4
concentration of cations Ca and Mg and soil organic and T5) gradually increased all investigated heavy
matter in terms of organic carbon (O.C %), in this text. elements as compared with (T1) whichresulted in gradual
Zhang [33] observed significant increase in percentage of accumulation of macro and micronutrients in irrigated soil
organic matter and improvement in soil structure due to [44]. Using large-scale indicated that wastewater irrigation
the irrigation with wastewater. [34] Also, demonstrated on agricultural lands is a practice caused increases in
similar results from irrigation with urban wastewater and some parameter in soil such as EC, OM, total nitrogen,
wastewater sludge as manure. Moreover, soil salinity level CEC, sodium ion, manganese and nickel to be increased
increased in all wastewater treatments as compared with on the other hand, soil pH decreased. On contrast, Amin
control (well water). The maximum soil salinity was [45] reported that soil irrigated with wastewater do not
obtained by wastewater irrigation during entire period of have any effect on concentration of extractable cadmium
growing season. Electrical conductivity of soil solution in and chromium.

-1

influence of urban wastewater or wastewater sludge
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Table 4: Effect of diluted waste effluents with well water and their effects on growth and yield of sunflower

Plant Roots Leaf Stem F.M F.M D.M D.M F.M D.M Cap Seeds Seed
Treatment height cm length cm number Diameter cm Shoots gm. Roots gm. Shoots gm. Roots gm. of head gm. of head gm. Diameter cm No./ head yield Kg fed1

T1 114.30 10.59 44.12 13.36 275.01 29.65 78.74 18.34 88.94 42.92 13.15 67.33 1243.8
T2 100.80 8.86 35.48 11.15 240.37 18.85 68.41 12.13 69.61 39.34 15.75 68.55 1249.77
T3 108.99 9.94 39.48 12.15 286.42 23.85 81.62 15.15 78.83 48.74 17.47 88.00 1356.11
T4 84.36 7.04 32.86 10.64 225.53 35.81 64.85 10.93 55.38 37.45 12.47 57.00 1123.82
T5 76.23 5.38 28.31 9.77 199.91 14.28 57.14 9.45 48.03 33.46 10.32 30.67 1118.52
LSD 5% 4.9 1.07 2.64 0.93 18.7 2.01 7.08 1.04 4.35 4.59 3.53 3.77 102.71

Table 5: Effect of wastewater treatments on the macronutrients concentration and uptake of shootsby sunflower plants
Shoots
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment N P K Na Ca Cl N P K Na Ca Cl
--------------------------------------%--------------------------------- -------------------------------------Uptake mg/plants----------------------------------

T1 1.46 0.17 2.3 0.57 0.84 0.52 1149.6 133.8 1811.0 448.8 661.4 409.4
T2 1.20 0.11 1.88 0.77 0.96 0.58 820.9 75.25 1286.1 526.7 656.7 396.8
T3 1.32 0.13 2.16 1.34 1.38 0.61 1077.4 106.11 1762.9 1093.7 1126.3 497.9
T4 0.87 0.11 1.74 1.5 1.53 0.70 564.2 71.33 1128.4 972.7 992.2 453.9
T5 075 0.10 1.44 1.63 1.68 0.76 428.5 57.14 822.8 931.4 959.9 434.3

Plant Growthand Yield: Plant height of sunflower was recommended. Percentages of diluted sewage water with
significantly affected by diluted wastewater with well well water gradually increase the yield production of seed
water (Table 4). The highest plant height (114. 3cmwas by about 10%. The obtained results in a harmony with
reported from the plants irrigated only with well water and those obtained by [52, 53].
fertilized with the recommended rate of nutrient elements
(T1). However, the lowest value of plant height (76.23 cm) Chemical Composition: Table (5) illustrated that effect of
was occurred by treatment of (T5). Application of dilution treatment of wastewater and their effects on the
inorganic fertilizers have become very popular practices macronutrients concentration (N, P, K) concentration in
because they are easily affordable and have the sunflower plants. Data revealed that application of
advantage of fast action owing to their prompt release of wastewater decreased the concentration of N, P and K in
nutrients [46] the shoots of sunflower plant. This might be due to

The reduction in plant height by about 40%, may be salinity effects, which reduced plant N, P and K contents
due to the salinity effect of wastewater as illustrated in except for Na and Cl contents in plant shoots and seeds.
Table (3) since high concentration of salts (Na and CL This resembles the finding of [54] who showed that the
ions) can be responsible for growth reduction of amount of nutrient elements taken up by plants
sunflower besides nutritional imbalances. Many significantly decreased by increasing salinity. The higher
researchers, [47, 48, 49, 50, 51]reported that municipal the concentration of salts, the greater the decrease in total
wastewater is an important alternative source  of  water for uptake of N, P and K Since sewage, water contains
irrigation especially in countries suffer from shortage considerable amounts of total N, total P and K which are
water resources. From the sametable the results also show considered as essential macro- nutrients for crop
that application of diluted wastewater treatment (T2) productivity wastewater gradually increased the
reduced plant height by about 11%. accumulation of salt in soil due to the salinity of waste

Data in Table (4) showed that most of growth and water itself, Our finding were in agreement with those
yield characters (plant height stem diameter, seeds weight previously obtained by [55-57]. They reported that
/ head, 1000 seeds weight, seeds yield kg fed-1), show irrigation with sewage water increased soil salinity,
slightly differences with application of diluted sewage exchangeable Na, K, Ca and Mg.
water as a sources of irrigation. Whereas application of It stimulated the accumulation of Na , Cl  and Ca and
diluted sewage water had more pronounced effect on increased by up to 50% in sunflower shoots due to using
head diameter, seed number/head and seed yield kg/fed. sewage water. Application of 50% of both well and
Application of (soil irrigated with 50% well water + SW sewage water gave the highest accumulation rate in
50% +50 % of therecommended rate of fertilizers) as T3 shoots of sunflower plant. Salinity is known to influence
stimulate the yield production of seed of sunflower as well morphological, physiological and biochemical changes in
as saving the fertilizers added by about 50% of the plants, which results on overall performance of the plant

+ - +2
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Table 6: Effect of wastewater treatments on the macronutrients concentration and uptakeof seedsby sunflower plants
Seeds
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N P K Na Ca Cl N P K Na Ca Cl
-----------------------------------%----------------------------------- --------------------------------------Uptake Kg fed ------------------------------------1

T0 2.40 0.25 1.49 0.18 0.32 0.18 29.85 3.11 18.53 2.24 3.98 2.24
T 25% 1.86 0.18 1.20 0.25 0.36 0.22 23.25 2.25 15.00 3.12 4.50 2.75
T 50% 2.21 0.20 1.33 0.40 0.50 0.26 29.97 2.71 18.04 5.42 6.78 3.53
T75% 1.70 0.16 1.08 0.44 0.66 0.33 19.10 1.80 12.14 4.94 7.42 3.71
T100% 1.73 0.16 0.87 0.48 0.73 0.34 19.35 1.79 9.73 5.37 8.17 3.80

Fig. 1: Extractable fraction of heavy metal from soil irrigated with different dilution rates of wastewater with well water

[58-60]. In addition to the toxicity caused by ions, salinity On contrast Na and Cl contents in plant  shoots  and
and osmotic stress cause an imbalance of nutrients in seeds gradually increased. [54reported that nutrient
plants and consequently all plant physiological elements significantly decreased by increasing salinity.
performance will  be  negatively  affected [50, 51]. Higher concentration of salts, in agriculture media are

Application of wastewater treatments resulted in a responsible for decreasing in total  both  concentration
reduction of macronutrients (N, P and K) concentration and uptake of macronutrient elements (N, P and K).
and uptake in seeds of sunflower Table 6. Results also Results also, revealed that all dilution treatments of
showed that salinity of irrigation water reduce both wastewater tended to decrease N, P and K concentration
concentration  and   uptake   of  N,  P  and  K  by  seeds. and  uptake  in  shoots  and  seeds  as  compared with well
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Fig. 2: Extractable fraction of copper and zinc with (NaOH, DTPA) from soil irrigated with different dilution rates of
wastewater with well water

water alone. This will encourage plants to produce more particularly in soil irrigated with (T5) treatment. It’s
substances that responsible for regulating ions and evident that ammonium acetate had more pronounced
modify the movement of nutrients within the plant tissues effect on the extractable of Fe, Mn, Zn, whereas for Cu
under salt stress. and Cd with NaOH had more effect due to the affinity of
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