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ABSTRACT

In order to evaluate the state of soil and plant contamination, studying some physical and chemical
properties affecting the behavior of heavy metals as a result of irrigation with wastewater of Al-
Muamirah station. The present study selected five locations located between two longitudes "111 "24
32°-"282 25 32° N and two latitudes "232 "28 44°- "279 28 44° E for agricultural soils in Babylon
province. The positive ions exchange capacity was between (12.05-40.47 cmol g.kg™). The content of
calcium carbonate for the study of soil was between (221.70-437.70 g.kg™). The total concentration of
heavy metals (lead, zinc, copper) was within the limits of the World Health Organization (WHO,
2003). Cadmium exceeded the allowed limits for the soil of the station only. The heavy metal content
of zinc and copper in all parts of the Alfalfa and Barley plant was within the limits of the organization
while the elements of lead and cadmium exceeded the permissible limits. The values of
Bioconcentration factor (BCF) from soil to root were for lead (0.34), cadmium (0.47), zinc (0.35) and
copper (0.43) for the growing Alfalfa plant in the station. It amounted to (0.31, 0.38, 0.34, 0.47; 0.34,
0.32, 0.37, 0.33) in Al-Rasheed and Al-Rifaaiya soils. It amounted to (0.51, 0.31, 0.47, 0.56; 0.41, 0.38,
0.41, 0.38) in the two control soils (Prophet Ayyub (peace be upon him) and Al-Sayyah), respectively.
As for the bioconcentration factor from soil to stem was lower than that in the dry matter for the root
for each of the study soils. The bioconcentration factor from the soil to the root for the growing barley
plant was higher from the soil to the stem for most heavy metals in the study soils, The translocation
factor (TF) of Alfalfa plant from root to the grew leaves in the study soils amounted to (0.40, 0.39,
0.70, 0.59; 0.46, 0.58, 0.83, 0.51; 0.68,0.51, 0.59, 0.80), respectively. It amounted to (0.30, 0.64, 0.47
and 0.34; 0.67, 0.28, 0.48, 0.60) at the two control soils of Prophet Ayyub (peace be upon him) and Al-
Sayyah for the mentioned elements under study, respectively. As for the results of the translocation
factor from the root to the stem are lower than the translocation factor from root to leaves in both
affected and control soils. Likewise, the translocation factor for barley from root to leaves was higher
than root to stem.
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1. INTRODUCTION 2012). The plant world is characterized by

) ] ) various characteristics and methods that reflect

The issue of water scarcity and its poor the ability of plants to respond with what
quality has emerged in many countries, as a surrounds it with all its details and its
result of increasing population growth and components. This harmony between plants and
climate changes, as well as a human activity. It the media remains the title of the natural state
is cons@ered one of the growing resources vv_|th until any expression in the particles of the
population growth and human progress, unlike media shows an increase or decrease. Plants
fresh resources that have become limited, where bear the risk and toxicity of heavy metals
the emergence of cases of plant toxicity elements. Adaptation to the type of these heavy
associated with the use of this water, which has metals and their degree is through the occurring
caused confusion in the environmental balance a known phenomenon to many plants, which is
due to the increasing concentrations of heavy the accumulation phenomenon, that is, heavy
metals which their accumulation is considered a metals accumulate in plant tissues. The general
serious problem around the world through concept of accumulation is that the
potential threats to the safety of ecosystems, concentration of the element in the plant is
including food contamination and its harmful higher than the media in which it grows, it is a
The problem of contamination with heavy accumulating heavy metals without the
metals has taken great care in all over the world appearance of toxic symptoms on that plant,
where it has the ability to (?ontaminate the soil these elements include copper, nickel, and zinc,
and pla_nts tha_t can collect in the plant and the among which there is no physiological role
matter is getting more serious where most of such as cadmium and lead and aluminum
these heavy metals are accumulated in the (Alkorta et al., 2004). Therefore, the study of
rhlzos_phere region from the soil (Rezagl and the Bioconcentration Factor (BCF) was to
Sayadi, 2015). Human sources are considered indicate the ability of the plant to accumulate
among the most important sources of heavy metals from the soil and It compares the
contamination with heavy metals. These concentration of the element in the plant tissues
sources include the use of wastewater, with its concentration in the soil, and this
fertilizers, and pesticides. These wastes and parameter is used to determine whether the
fertilizers are deposited by physical, chemical, plant is an accumulation of the heavy element
and biological processes (Wang and Zhang, or not. If its value is greater than one, the plant
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is considered accumulated for the element, and
it is not considered accumulated if it is less than
one (Liu et al., 2007). The Transfer Factor (TF)
indicates the plant's ability to transfer heavy
metals from the root system to the total
vegetative, as well as between the plant parts
from the root to the stem, and from the stem to
the leaves, if its value <1 means that the
element moved from the root to the rest of the
plant, but if it has a value > 1, this means that
the plant collected the heavy element in its root,
and the transition to the rest of the plant part
was weak (Singh and Agrawal, 2007).

2. MATERIALS AND METHODS

Six samples were taken at a depth of (0-50 cm),
with four pedons for agricultural soils from
Babylon province (Appendix 1) located
between the longitudes of "111 24 32 © -" 282
25 32 ° N, and between the latitudes "232 28
44 ° -" 279 28 44 ° E. Three of them are
irrigated with wastewater treated by Al-
Muamirah station in Al-Hillah city: the first
location represented by the sample Ss1 and the
pedon 1 (pl) for soil inside the station, The
second location in the Al-Rasheed region, about
2 km from the station, which represented by the
Ss2 sample and the Ss21 sample. The third
location in the Al-Rifaaiya region, at the end of
irrigation with wastewater, 4 km from the
center of the station, which represented by the
sample Ss3 and pedons 2 (p2). Two soils were
chosen to compare one of them in the opposite
direction for the wind, 1.5 km behind the water
station irrigated by the Shatt Al-Hillah water in
the Prophet Ayyub which represented by the
sample Scol and pedon 3 (p3), and other in Al-
Sayyah village, Nile district is irrigated with
water from the Jadwal Babil which is
represented by the sample Sco2 and pedon 4
(p4). Alfalfa plant growing in the study soils for
five locations was selected which represented
by its parts in the first location LL1 for leaves
and LS1 for stem and LR1 for root, and the
second location (LL2, LS2, LR2), and the plant
parts for growing Alfalfa in the third location
were represented by samples (LL2, LS2, LR2)
for leaves, stem, and root, respectively. Thus,

for the samples of the plant parts that took the
4th sequence for the growing Alfalfa plant in
the soil of the Prophet Ayoub, and the 5th
sequence in Al-Sayyah soil. Barley was chosen
for only two growing regions in the plant. The
first location is represented by its parts BG1 for
grains BL1 for leaves, BS1 for stem and BR1
for root, the fifth location (Al-Sayyah) is
represented by samples (BG5, BL5, BS5, BR5)
for grains, leaves, stem, and root, respectively.

The relative distribution for soil separates:

The calibration method (Protocol Micropipette)
was used to estimate the size distribution for
soil separates and their textures according to the
method mentioned in (Pansu and Gautheyrou,
2006).

Soil reaction (pH):

The soil reaction was measured using a pH
meter (type 710 WTW) after its calibration
according to the method described in (Jones s
2001) through the extract of soil: water (1: 1).

Organic Mater (O.M):

The organic matter was estimated using a wet
oxidation method according to the (Walkley-
Black) method described in (Black et al., 1965).

Total carbonates:

Total carbonate minerals were estimated by the
weighted method contained in the (U.S. Salinity
Laboratory Staff, 1954) by treating the soil with
hydrochloric acid (3 standards).

Cation-exchange capacity (CEC):

The Cation-exchange capacity is estimated
according to the method proposed by
(Papanicolaou, 1976) and mentioned in (Page et
al., 1982).

Heavy metals availability in the soil:

The studied heavy metals were extracted
according to the method of (Lindsay and
Norvell, 1978). It was estimated by the Atomic
absorption spectroscopy (AA 400).
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The total content of heavy metals in plant
parts:

The heavy metals under study were extracted
according to (Jones, 2001) by the Atomic
absorption spectroscopy device at the Ministry
of Science and Technology - Baghdad.

Bioconcentration factor (BCF):

The bioconcentration factor for each of the
heavy metals understudy in the dry matter for
roots and stems (BCF1 and BCF2) was
estimated to be in the soil, respectively in
equations (1, 2):

_ [Metal]g t/
BCF, =  iMetal]. (1)

_ [Metal]sp, t/
BCF, = [ vetat].,, @

According to (Liu et al., 2007; Cui et al., 2007).
The translocation factor (TF)

It was estimated through concentration of the
heavy metals in both the dry matter for stem
and roots (TF1 and TF2), respectively in
equation (3, 4) (Liu et al., 2007; Cui et al.,
2007):

_ [MetalS]Sh t/
TF = ° [Metals]

AqetalS]Leaves
[Metals]

Root

3. RESULTS AND DISCUSSION

TF2=[

Table (1) shows the size distribution for soil
separates and their textures, where the amount
of clay ranged between (345.11-490.72), silt
(313.82-485), sand (127-199.56 g.kg™) in the
surface samples for the soil irrigated with the
wastewater of the station, thus became a texture
mostly of its clay and silt nature, This was
confirmed by soil horizons for pedon (1, 2),
which reflected the same textile class with a

25

quantity of clay ranged between (306-531.40),
then followed by silt between (226.80-530), and
sand with a quantity between (60.10-323.60
g.kgl). Through observing the results, it
appears that the study soils from them were not
far from the source of river sedimentation,
which is characterized by the transfer of clay
for long distances, and Among them, it was in a
medium state in the distance from the source,
its ability to carry the silt particles with less
distance than clay and greater than sand,
according to the granular size of these separates
which classified by the USDA (Hassan, 1999;
Unemployed, 2006). The content of study soil
from the organic material ranged between
(1.40-2.95 g.kg™) for surface samples affected
by the wastes of the station, and between (0.40-
1.84 g.kg™) for surface samples at the control
soil. Their contents in the horizons of soil
pedons (1, 2) ranged between (1.27-3.62 and
0.50-1.56 g.kg™), respectively. In the soil of
Pedon (3, 4) were (0.23-1.47 and 0.53-1.17
g.kg™), respectively. The results indicate that
the soil irrigated with the waste of the station
was more organic than the control soil. These
results agree with (Usman et al., 2004) that the
increase in the organic matter for soils irrigated
with wastewaters leads to an increase in the soil
content of organic carThe soil reaction values
for the contaminated surface samples ranged
between (7.1-7.5, between (7.4-7.8) in the
control soil, and in the Pedon 1 soil, it was
between (7.0-7.5), between (7.4-7.7) at the soil
pedon 2, and between (7.7-7.8 and 7.3-7.9) at
the soil pedons (3, 4), respectively. The results
indicate that the interaction for the soil was
within the extent of Iragi soil interaction tilted
to bases (Rahi et al., 1991). Perhaps the reason
for this decrease is due to the improvement of
plant growth and the spread of its roots, which
leads to the release of carbon dioxide, which
results in carbonic acid that degrades the
residues of plant organic matter inside the soil
texture. thus, the decomposition of organic
matter and the waste from the station
accumulated in the soil pedon 1 lead to high
levels of amino and organic acids and all
products of bioactivity for both the root system
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and the micro-organisms for what contains the
wastewaters from ammonium, which oxidizes
biologically and generates hydrogen ions that
reduce soil reaction levels (Ali et al., 2007).
Table (1) shows the content of calcium
carbonate at surface samples for soils irrigated
with the station wastes ranged between
(278.61-437.70 g.kg'). As for the surface
samples of the control soil, it ranged between
(324.01-369.50 g.kg™). In the horizons of soil
pedons (1, 2) irrigated with the waste of the
station, the carbonate content ranged between
(221.70-245.11 and 290.88-315.44 g.kg™). The
calcium carbonate content was (316.70-354.80
and 289.91-409.30 g.kg™) in the horizons of the
soil pedons (3, 4), respectively. The results
indicate the high carbonate content in the study
soils, this may be due to the original material of

calcareous soils (Al-Muhaimid, 1984). Perhaps
this increase in the content of calcium carbonate
affected the availability of some heavy metals
such as lead, and this was confirmed by (Chen
et al.,, 1997) that the presence of calcium
carbonate affected the availability of some
heavy metals in general. The values of the
Cation-exchange capacity in Table (1) at the
soils of surface samples irrigated with the
wastewater of Al-Muamirah station ranged
between (16.98-24.26 cmol q.kg™). The surface
samples for the control soil were between
(17.30-34.36 cmol g.kg™). at the horizons of the
soil pedons (1, 2), it ranged between (12.60-
15.60 and 12.35-15 cmol g.kg?), and at the
horizons of the soil pedons (3, 4), it ranged
between (14.66- 16.45 and 38.22-40.47 cmol
q.kg™), respectively.

Table 1: Some physical and chemical traits for the study soil.

Relative distribution of Cation-
soil separates (g.kg™) Organic Calcium exchange
Samples Texture | matter pH | carbonate capacity
Clay Silt Sand (9.kg™h (g.kg™h (CEC) ((1:mol
q.kg™)
Ssy 388 485 127 SIC 1.40 7.1 278.61 17.09
Ss;, 486.62 | 313.82 | 199.56 C 1.44 7.3 369.50 16.98
S 490.72 | 329.88 | 179.40 C 2.95 7.5 386.33 17.17
Ss3 345 468 187 SiCL 1.67 7.00 437.70 24.26
Sco; 394 426 180 SiCL 0.40 7.4 369.50 17.23
SCo2 540.1 | 227.90 232 C 1.84 7.8 324.01 34.36
P1Ap 306 530 164 SiCL 3.62 7.00 227.40 15.66
C, 396 468 136 SiC 1.6 7.5 221.70 14.51
Cs 480 459.9 60.10 SiC 1.2 7.5 245.11 12.05
P.Ap 448 468 84 SiC 1.56 7.7 315.44 15.11
C, 449.60 | 226.80 | 323.60 C 0.50 7.4 290.88 12.35
Cs 531.40 | 356.20 | 112.40 C 0.75 7.6 306.50 15.39
PsAp | 411.80 | 496.9 91.30 SiC 1.47 7.8 316.70 15.79
C, 201 448 351 L 0.23 7.7 354.80 16.45
Cs 431 429 140 SiC 0.33 7.8 298.83 14.66
P,AP | 460.65 | 334.63 | 204.72 C 1.17 7.9 349.00 40.47
C, 366 340 294 CL 0.75 7.5 289.91 38.78
Cs 554 328 118 C 0.53 7.3 409.30 38.22

Soil content of heavy metals

Table (2) shows the soil content of the irrigated
with the wastewater of the station where the

available lead ranged between (1.83 - 4.14),
cadmium (1.42-2.41), zinc (11.86-25.17), and
copper between (10.33-19.91 mg.kg?) at
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surface samples, and the available content
ranged between (2.66-4.15, 1.39-3.20, 18.02-
31.89, 16.00-24.38 mg.kg?), at the surface
horizons of the soils for the study pedions, At
its lower horizons, the lead was between (0.58-
1.05), cadmium between (0.33-0.92), zinc
(10.30-11.06), and zinc (5.88-11.55 mg.kg™).
The results indicate that the content of soil
samples and surface horizons was higher than
soil of the lower horizons due to multiple their
sources of industrial waste, fertilizers,
agricultural chemical pesticides, and other
sources that spread to the upper layers of the
soil through air and irrigating crops (Kabata-
Pendias and Adriano, 2000; Al-Halfi, 2010). its
decrease in soils of the lower horizons confirms
that its movement is slow because it has a high
specific density, as well as some of them, are
linked to organic matter, forming ionic-organic
complexes that are concentrated in the surface
horizons of the soil (Nisafi et al., 2015). Zinc
and copper amounted to the highest values in

the soil of the study despite the available
quantity of them in the different soil
systems. This result agrees with (Usman et al.,
2004) who found when adding three levels of
Sewage sludge to calcareous soils that there
was a significant increase in the movement of
zinc and copper availability, compared to lead
and cadmium whose movement is restricted by
the formation of organic complexes. The
content of available heavy metals in the soils of
the samples and the surface horizons of the
control pedons was lower than in the soils
irrigated with the wastewater, where the lead
ranged between (0.53-0.83), cadmium (0.53-
0.66), zinc (5.36-9.14), copper (5.68-7.08), and
between (0.0.13- 0.27, 0.16-0.19, 4.78-6.06,
3.06-4.71 mg.kg™), respectively at the soils of
the lower horizons. This enhances the
contribution of the effect of wastes resulting
from wastewater treatment by the filter station
on soil contamination with heavy metals under
study.

Table 2: Soil content of heavy metals.

Heavy metals availability (mg.kg™)

Soil irrigated with the wastewater of
Samples the station

Pb** Cd™ Zn"" Cu™

The control soils irrigated with

Samples fresh water

Pb** Cd™ Zn"" Cu™

Ssy 4.14 2.13 25.17 19.91

Ssy 1.87 1.75 18.01 15.00

Sco; 0.71 0.35 5.36 4.73

Ssp1 291 241 22.21 17.02

Ss3 1.83 1.42 11.86 10.33

Sco; 0.53 0.48 8.03 5.68

P:Ap 4.15 3.20 31.89 24.38

PsAp 0.83 0.66 8.50 6.95

P.C, 2.07 1.87 25.17 18.30

PsC, 0.40 0.35 6.19 5.83

P.1Cs 1.05 0.92 11.06 11.55

P3Cs 0.13 0.16 6.06 471

P,Ap 2.66 1.39 18.02 16.00

P.Ap 0.58 0.41 9.14 7.08

P.C, 1.25 0.98 11.78 10.25

P.C, 0.41 0.28 7.18 5.61

P2Cs 0.58 0.33 10.30 5.88

P4Cs 0.27 0.19 4.78 3.06

The dry matter content of the total
vegetative for the heavy metals

Table (3) shows the total content for heavy
metals in the parts of the growing Alfalfa plant
in the study soils, where Lead in the leaves
ranged between (0.41-0.57), cadmium (0.23-
0.57), zinc (2.55-6.23), and copper (2.69-5.00).
It ranged between (0.22-0.40, 0.09-0.33, 1.49-

27

4.82, 1.34-3.70 mg.kg™), respectively in the dry
matter for the stem while the root content was
higher than lead between (0.63-1.41, cadmium
0.45-1.01, zinc 4.32 -8.75, copper 3.36-8.50
mg.kg™) compared to the leaves and stem. The
barley leaves content of lead was between
(0.13-0.28 mg.kg™), cadmium between (0.15-
0.25 mg.kg™), zinc ranged between (0.60-1.25
mg.kg™) and copper (0.40-0.80 mg.kg™). In the
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stem between (0.09 -0.46, 0.05-0.11, 1.10,
0.30-0.83 mg.kg™) for the studied elements,
respectively. Chang et al., (1995) confirmed
that most heavy metals accumulate in the
rhizosphere and the root spread of (0-40 cm) of

soil in dry environments conditions. Table (3)
shows that the growing plant parts at the control
soil had less heavy metals under study than the
plant parts when the soil irrigated with the
wastewater of the station.

Table 3: the total content of the heavy metals in the plant parts.

Heavy metals availability (mg.kg™

Heavy metals (mg.kg™) in Heavy metals (mg.kg™) in
Region P!alarrt];[ Alfalfa plant P:;?: Barley plant
p Pb++ Cd++ Zn++ Cu++ p Pb++ Cd++ Zn++ Cu++
LL, | 057 | 039 | 613 | 500 | BG; | 020 | 0.12 | 1.22 | 0.75
Thestation | LS, | 039 | 027 | 482 | 302 | BL, | 028 | 025 | 1.25 | 0.80
LR, | 141 | 101 | 875 | 850 | BS, | 046 | 011 | 1.10 | 083
AL LL, | 041 | 057 | 623 | 411 | BR, | 043 | 0.40 | 1.56 | 0.90
Racheed LS, | 040 | 033 | 340 | 370 | - -
LR, | 0.89 | 091 | 755 | 8.00 -
AL LL; | 043 | 023 | 255 | 2.69 ~
Rifasiva LS: | 022 | 0.09 | 1.94 | 1.34
y LR: | 063 | 045 | 432 | 336
orophet LL, | 011 | 007 | 119 | 091
A pub LS, | 007 | 0.09 | 1.07 | 066
yy LR, | 036 | 011 | 251 | 265 | BGs | 007 | 012 | 070 | 0.12
LLs | 014 | 005 | 161 | 1.29 | BLs | 0.13 | 0.15 | 0.06 | 0.40
Al-Sayyah | LS; | 006 | 008 | 142 | 150 | BSs | 0.09 | 0.05 | 110 | 0.30
LRs | 021 | 018 | 333 | 216 | BRs | 0.9 | 0.05 | 0.80 | 045

Bioconcentration factor

Table (4) indicates the values of the
bioconcentration factor from the soil to the root
which was (0.34, 0.47, 0.35, 0.43) for lead,
cadmium, zinc, copper, respectively for the
growing Alfalfa plant in the station and in Al-
Rasheed soil (0.31, 0.38, 0.34, 0.47), and Al-
Rifaaiya (0.34, 0.32, 0.37, 0.33) for lead,
cadmium, zinc, and copper, respectively.
Whereas in the control soil of Prophet Ayoub
and Al-Sayyah amounted to (0.51, 0.31, 0.47,
0.56 and 0.41, 0.38, 0.41, 0.38) for the elements
under  study, respectively. As for
bioconcentration from soil to stem was (0.09
for lead, 0.13 cadmium, 0.19 zinc, and 0.15
copper) for the plant growing at the station. In

Al-Rasheed (0.14, 0.14, 0.15, 0.22) and Al-
Rifaaiya (0.12, 0.06, 0.17, 0.13) for lead,
cadmium, zinc and copper, respectively. While
in the control soil, it was (0.09, 0.26,0, 0.20,
0.14; 0.11, 0.17, 0.18, 0.26), respectively for
the elements under study. Through observing
the results, the bioconcentration factor for the
root gave the highest values for all elements in
the irrigated areas with the wastes, as well as
for the control soil of the bioaccumulation in
the stem due to the high root content of the
heavy metals compared to the stem. This is due
to the root length of Alfalfa plant because it is a
perennial crop, where some studies have
indicated that the root length of Alfalfa can
amount to 2.5 m when groundwater is available
(Fox and Lipps, 1955).
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Table 4: Bioconcentration factor in plant parts for growing Alfalfa crop growing in the studied soils.

Root/Soil  BCF= | BCF=Shoot/Soil
Region Bioconcentration factor for heavy metals in Alfalfa plant irrigated with wastewater

Pb++ Cd++ Zn++ Cu++ Pb++ Cd++ Zn++ Cu++

The station 0.34 0.47 0.35 0.43 0.09 0.13 0.19 0.15
Al-Rasheed 0.31 0.38 0.34 0.47 0.14 0.14 0.15 0.22
Al-Rifaaiya 0.34 0.32 0.37 0.33 0.12 0.06 0.17 0.13

Bioconcentration factor for heavy metals in Alfalfa plant irrigated with freshwater

Prophet Ayyub | 0.51 0.31 0.47 0.56 0.09 0.26 0.20 0.14
Al-Sayyah 0.41 0.38 0.41 0.38 0.11 0.17 0.18 0.26

Translocation factor (TF)

Table (5) shows the results of the translocation
factor that was (0.40, 0.39, 0.70, 0.59) for lead,
cadmium, zinc, and copper, respectively for the
growing Alfalfa plant in the soil of station, and
amounted to (0.46, 0.58, 0.83, 0.51) in the soils
of Al-Rasheed, and in Al-Rifaaiya soil
amounted to (0.68, 0.51, 0.59, 0.80) for lead,
cadmium, zinc, and copper, respectively, while
at the control soils for Prophet Ayyub and Al-
Rifaaiya amounted to (0.30, 0.64, 0.47, 0.34
and 0.67, 0.28, 0.48, 0.60), respectively for the
mentioned elements under study. Through
observing the results, we find that the transfer
of heavy metals from the root to the stem is
weak. This result agrees with (Singh and
Agrawal, 2007). The results were based on the
content of heavy metals in the roots and leaves
that were low in the roots and high in the
leaves. The translocation factor became higher
than when the content was reversed. As for the
results of the translocation factor from the soil
to the stem in the station for (0.28, 0.27, 0.55,
0.36), respectively for lead, cadmium, zinc,
0.36 and amounted to (0.45, 0.36, 0.45, 0.46) in
Al-Rasheed soil. In Al-Rifaaiya soil, it was
(0.33, 0.20, 0.45, 0.40) for lead, cadmium, zinc,
and copper, respectively, while the control soils
of Prophet Ayoub and Al-Sayyah amounted to
(0.19, 0.82, 0.43, 0.25 and 0.29, 0.44, 0.43,
0.69), respectively for the mentioned elements
under the study. The values of the translocation
from the root to the stem also coincided with
the translocation from the stem to the leaves,
and it was weak for all elements. In varying
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proportions, it depended on the varying
concentrations of elements in the leaves
according to the areas of the study irrigated
with the waste and control. Table (6) shows that
the bioconcentration factor for the heavy metals
from the soil to the root for the barley growing
in the station where amounted to ( 0.10, 0.19,
0.06, 0.05), respectively for lead, cadmium,
zinc, and copper and in Al-Sayyah of (0.36,
0.10, 0.10, 0.08), respectively for lead,
cadmium, zinc, and copper. The
bioconcentration factor from soil to stem at the
station was (0.11, 0.05, 0.04, 0.04), respectively
for lead, cadmium, zinc, and copper and in Al-
Sayyah of (0.17, 0.10, 0.14, 0.05), respectively
for lead, cadmium, zinc, and copper. The results
show that the bioconcentration factor that
expresses whether the plant is accumulating for
the heavy element or not, where it was not
observed in the present study any plants with a
high accumulating for (Pb, Cd), this result
agrees with (Zaho et al., 2002) by the scarcity
of higher accumulating for these two elements
is due to the toxicity of these two elements for
the plant. Therefore, the low bioaccumulation
for lead and cadmium has been explained by
the high affinity for these two elements of
organic matter (MC Bride, 2001) or perhaps
because plants have the electoral advantage in
absorbing the elements. Alloway, (1995)
mentioned that the organic matter and clay
minerals restrict the movement of heavy metals
in the soil, and allowing them to be absorbed by
the plant, which indicates that the barley plant
is not accumulating for the heavy metals.
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Table 5: Translocation factor for all of the heavy metals in the Alfalfa plant

Region TF = Leaves/Root TF = shoot/Root
Pb | Cd | Zn | Cu | Pb | Cd | Zn | Cu
The station | 0.40|0.39 | 0.70 | 0.59 | 0.28 | 0.27 | 0.55 | 0.36
Al-Rasheed | 0.46 | 0.58 | 0.83 | 0.51|0.45|0.36 | 0.45 | 0.46
Al-Rifaaiya |0.68|0.51|0.59 | 0.80|0.33 |0.20 | 0.45 | 0.40
Prophet Ayyub | 0.30 | 0.64 | 0.47 | 0.34 | 0.19 | 0.82 | 0.43 | 0.25
Al-Sayyah 0.670.28 {0.48 | 0.60 | 0.29 | 0.44 | 0.43 | 0.69

Table 6: Bioconcentration Factor and Translocation Factor for Barley plant.

TF = Leavs/Root

TF = shoot/Root

Region

Pb | Cd

Zn

Cul| Pb| Cd| Zn | Cu

The station | 0.10 | 0.19

0.06

0.05

0.11]0.05| 0.04 | 0.04

Al-Sayyah | 0.36 | 0.10 | 0.

10

0.08

0.17/0.10| 0.14 | 0.05

TF = Leavs/Ro

ot

TF = Shoot/Root

Region

Pb | Cd

Pb

Cd | Pb| Cd| Pb| Cd

The station | 0.65 | 0.63

0.80

0.89

1.07]0.28 | 0.71 ] 0.92

0.68 | 3.00

Al-Sayyah

0.75

0.88

0.47|1.00|1.38 | 0.67

Table 7: The wastewater and freshwater content of dissolved heavy metals (mg.L™).

Samples Pb | Cd| zn | Cu oH
wastewaters
The station 2441062 | 512 | 408 |7.2
Al-Rasheed | 1.11 |0.40| 4.03 | 3.02 | 7.3
Al-Rifaaiya [ 0.75]0.22 | 3.10 | 2.12 | 74
Freshwater
Prophet Ayyub | ----- | --—--- 0.043 | 0.020 | 8.2
Al-Sayyah m— | - 0.041 | 0.012 | 8.1

CONCLUSIONS

1- The values of the bioconcentration
factor in the dry matter for root were
higher than the stem for barley and
Alfalfa plants, especially zinc and
copper (greater than one).

The Translocation factor for the heavy
metals under the study was variance in
each of the dry matter for all the plant
parts.

REFERENCES

1. Al-Halfi, Baidaa Allawi Hasan. 2010.
Evaluation of lead contamination and behavior

30

in some areas of Basra and its effect on yellow
corn growth at different levels of phosphate and
organic fertilization, Master Thesis. College of
Agriculture. University of Basra.

2. Nissafy, Ebrahim and Hayfa, Sawsan
Abdullah and Tarraf, Sheba. 2015. Study
mobility of lead and cadmium in Rumaila, s
area soils in Jableh city - Lattakia, Tishreen
University Journal for Research and Scientific
Studies - Biological Sciences Series Vol. (73)
No. (1): 215-238.

3.Alkorta, 1. Hernandez-Allica, J. Becerril,
J.M. Amezaga, |. Albizu, I. andGarbisu, C.
2004. Recent findings on the phytoremediation
of soils contaminated with environmentally

ISSN 2072-3875



Euphrates Journal of Agriculture Science-11 (1): 22 - 32, (2019)

AL- Wotaify & Al-Mamuri

toxic heavy metals and metalloids such as zinc,
cadmium, lead, and arsenic. Environmental
Science and Bio/Technology. 3: 71-90.

4.Alloway, B.J. 1995. Heavy metals in soils,
Blackie Academic and Professional, London.

5.Black, A. C.; Evans D.D.; Ensminger, L.
E.; White, J.L. and 1965. (eds) Methods of
Soil Analysis. Partl, pp. 545- 566 American
Society of Agronomy, Madison, Wisconsim.
USA.

6.Chang, A.; Page, A and Asano, T. 1995.
Developing human health-related chemical
guidelines for reclaimed wastewater and
sewage sludge applications in agriculture.
World Health  Organization,  Geneva,
Switzerland.

7.Cui, S., Q. Zhou, and L. Chao. 2007.
Potential hyper-accumulation of Pb, Zn, Cu and
Cd in endurant plants distributed in an old
smeltery, northeast China. Environmental
Geology, 51: 1043-1048.

8.Fox R.L., Lipps R.C. 1955. Sub-irrigation
and plant nutrition. 1. Alfalfa root distribution
and soil properties. Soil Science Society of
America Journal, 19: 468-473.

9.Hu, B.F.; Chen, S.C.; Hu, J.; Xia, F.; Xu,
J.F.; Li, Y.; and Shi, Z, 2017. Application of
portable XRF and VNIR sensors for rapid
assessment of soil heavy metal pollution. PLoS
ONE, 12, e0172438.

10.Jadia C. D. and Fulekar M. H. 20009.
Phytoremediation of heavy metals: recent

techniques,” African Journal of Biotechnology,
vol. 8, no. 6, pp. 921-928.

11.Jones, J. Benton. 2001. Laboratory guide
for conducting soil tests and plant analysis.
CRC Press LLC. Likuku A.S, Mmolawa K.B,
and Gaboutloeloe G.K, (2013). Assessment of
Heavy Metal Enrichment and Degree of
Contamination Around the Copper-Nickel Mine
in the Selebi Phikwe region, Eastern Botswana”
Environment and Ecology Research 1(2): 32-
40.

12. W.L.; Norvell, W.A. 1978. Development
of a DTPA soil test for zinc, iron, manganese,

31

and copper. Soil Science Society of America
Journal 42: 421-428.

13.Liu, M.S., Y.P. Luo, and Z.Y. Su. 2007.
Heavy metal concentrations in soils and plant
accumulation in a restored manganese mainland
in  Guangxi, South China. Environmental
Pollution, 147: 168-175.

14.McBride MB .2001 Cupric ion activity in
peat soil as a toxicity indicator for maize. J.
Environ. Qual., 30: 78-84.

15.Pansu, M . and J. Gautheyrou. 2006.
Handbook of Soil Analysis.  Mineralogical.
Organic and inorganic Methods.Textbook,
Library of Congress. Springer Berlin
Heidelberg, New York. 17.Jones, J. Benton.
2001. Laboratory guide for conducting soil tests
and plant analysis. CRC Press LLC.

16.Papanicolaou, E.P. 1976. Determination of
cation exchange capacity of calcareous soil and
their percent base saturation. Soil Sci. 121: 65-
71. 17.Rezaei A., Sayadi M.H., 2015, Long-
term evolution of the composition of surface
water from the RiverGharasoo, Iran: a case
study using multivariate statistical techniques,
Environmental Geochemistry andHealth, 37(2),
251-261.

18.Salinity U.S. Laboratory staff. 1954.
Diagnosis and Improvement of Saline and Al-
Kali Soils (USDA) Handbook to, Washington,
D.C.Society  of  Agronomy, Madison,
Wisconsim. USA.

19.Saggar, M.M., M.B, Peacod. 1991.
Microbiological performance of multi-stage
stabilization ponds for effluent use in
agriculture. Soil. Sci. Tech. Vol.23 pp 1517 —
1524, Kyoto. Japan.

20.Singh, RP. Agrawal, M. 2007. Effects of
sewage sludge amendment on heavy metal
accumulation and consequent responses of Beta
vulgaris plants. Chemosphere 67: 2229-2240.

21.Usman, A.R.A.; Kuzyakov, Y. and Stahr,
K. 2004. Dynamics of organic mineralization
and the mobile fraction of heavy metals in a
calcareous soil incubated with organic west.
Water, Air and Soil Pollution xxx 1-18.

22. Wang B, Zhang Z (2012) The features and
potential ecological risk assessment of soil
ISSN 2072-3875



Euphrates Journal of Agriculture Science-11 (1): 22 - 32, (2019)

AL- Wotaify & Al-Mamuri

heavy metals in Tianjin suburban farmland.
Environmental Monitoring in China 28: 23-26.

23.Zhao F J, Homan RE, McLaughlin M.J.
and McGrath SP.2002. Characteristics of
Cadmium uptake in two contrasting ecotypes of
the hyperaccumulators.Thlaspi
caerulescens.EXP.Bot.53:535-543.

32

ISSN 2072-3875



