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ABSTRACT

The study aimed to use wastewater from Hamdan and Al-Jamaa stations after biological treatment
by removing the two elements of lead by (Staphylococcus aureus) and cadmium with Escherichia
coli bacteria isolated from this water. Shatt al-Arab water was used as a comparison. Biologically
treated and untreated wastewater in addition to the Shatt al-Arab water was used to irrigate the
growing Zea mays plant in pots containing (5) kg of soil taken from Qurna district and fertilized
with chemical fertilizer (N, P and K) according to the fertilizer recommendation for Zea mays and
after 60 days of growth. The results showed that the percentage of removal of cadmium from the
liquid culture media pollutant with cadmium was 29.2% by Escherichia coli bacteria and that the
percentage of removal of the element of lead from the culture liquid media pollutant with lead was
67.6% by bacteria Staphylococcus aureus. The highest dry weight of the maize crop was 21.64 g pot-
1 using the Al-jamaa wastewater treated with E. coli bacteria, and the highest nitrogen and
phosphorous percentage in the maize plant was 4.38 and 0.4164% due to the effect of irrigation with
the Hamdan sewage plant treated with Staphylococcus aureus, respectively, and potassium. By
4.183%, the effect of irrigation with water from Hamdan plant treated with E. coli bacteria.

Keywords: Waste water; bioremediation; Staphylococcus aureus,; Zea mays.

INTRODUCTION reducing the problem of water scarcity in

agriculture [2] Biological water treatment is
The problem of water scarcity is one of the biggest defined as a process in which microorganisms,
problems facing humanity in the future around the green plants, or enzymes are used to treat polluted
world, and in this case [1], treatment and recycling sites to restore their correct condition, as this
of wastewater may be one of the most important technique is more appropriate than traditional
solutions in developing water resources and techniques due to the low cost and economic
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incomes and being environmentally friendly [3]. It
is also the most effective and least expensive
treatment for soils and water pollutants with heavy
elements by using types of bacteria, fungi, algae,
and yeasts isolated from industrial waste, soil
pollutants with heavy metals, and wastewater to
effectively remove heavy metals [4,5].

Microorganisms play an effective role in
removing and reducing the concentrations of
many heavy elements in water because they have
a number of mechanisms that make them highly
efficient, including the process of adsorption and
formation of complexes on the microscopic cell
wall [6,7] The use of treated wastewater from
pollution can save large quantities of river water
for irrigation and reduce the increasing water
needs for irrigation purposes in developing
countries [8,9]. Moreover, it promotes the growth
of soil microorganisms with essential nutrients
[10,11], Especially the nutrients for plants such as
nitrogen, phosphorus, and potassium that sustain
crop productivity and other growth parameters
[12,13] showed that the use of treated wastewater
increased the light of tomato plant by (35%) and
42% for the two agricultural seasons respectively
compared to natural water sources. The research
aims to isolate efficient bacteria in removing lead
and cadmium elements from wastewater and using
treated water to irrigate maize plants and their
effect on dry weight and (K, P, N) concentrations
in the plant.

MATERIALS AND METHODS
Collecting Water Samples

Sewage water samples were collected from
Hamdan and al-Jamaa stations affiliated to Basra
Governorate Sewage Directorate and from internal
basins at a depth of 20 cm by sterile glass bottles
with a capacity of (500 ml) and the samples were
transferred to the laboratory and the chemical,
physical and biological properties of the water
were estimated according to [14].

Isolation and Diagnosis of Lead and Cadmium
Resistant Bacteria

The lead and cadmium resistant bacteria were
isolated from the wastewater of Hamdan and
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Jamea stations by dilution method and poured in
plates (10"'-10) by transferring 0.1 ml of dilution
to the nutrient medium Agar containing lead
(1,2,3,4,5,6,7Mm) cadmium concentrations
(1,2,3,4 Mm) and after incubation on 37¢" for 48
hours. The large bacterial colonies growing in the
highest concentrations of lead and cadmium were
selected .These colonies were purified by re-
cultivation on the same culture medium with the
same concentrations of lead and cadmium and
then the colonies were preserved in slant media
after being covered with glycerol by freezing [15].
The bacterial isolates resistant to the highest
concentration of lead (164) ppm were identified as
(Staphylococcus aureus) and isolates resistant to
the highest concentration of cadmium (11.24ppm)
were identified as Escherichia coli, according to
[16].

Wastewater Bioremediation by Removing Lead
and Cadmium and Preparing Treated Water
for Irrigation

The wastewater was prepared for irrigation by
placing 1000 ml of untreated sewage water for the
Hamdan and Jamea plants in volumetric flasks.

This water was inoculated with (1) ml of bacterial
inocula suspension containing 10° cfu of lead
resistant (Staphylococcus aureus) and cadmium
resistant (Escherichai coli) bacteria and the water
was incubated at (37¢") for a period of (48) hours,
then the treated water was filtered from 0.4Mm
Millipore filter paper with using of a vacuum
pump the treated water was collected for the
Hamdan and al-Jamaa stations separately for use
in the agricultural experiment.

Agricultural Experiment

The wastewater was prepared for irrigation by
placing 1000 ml of untreated sewage water for the
Hamdan and Jamea plants in volumetric flasks.

The experiment was carried out in the plastic
canopy - College of Agriculture - Basra University
by taking soil samples from Qurna District / Basra
Governorate, their properties were shown in Table
2 and after grinding and passing from a 4 mm
sieve were placed in 5 kg pots-1 then fertilized the
soil with wurea, calcium superphosphate, and



potassium sulfate as recommended Fertilizers, of
maize 150-90-150 kg ha -1 N, P and K
respectively. Pots were planted with (8) seeds pot-
1 and irrigated with wastewater of Hamdan and al-
jamaa treatment plants with bacteria to limit field
capacity with the use of Shatt al-Arab water as a
comparison. The plants were thinned to 3 potted
plants, the growth continued to 60 days, after
which the plants were cut and dried at 65c0 for 48
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hours, and their dry weight was taken, then they
were ground, 0.2 gm was taken, and they were
digested with an acid mixture (96% concentrated
sulfuric acid and 4% perchloric acid)
according to [17], in which nitrogen was estimated
by the Kaldahl apparatus and phosphorous by the
optical ~ absorption  spectrophotometer  and
potassium in the Flame photometer apparatus
according to [18].

Table 1. The chemical and physical properties of water

Adjectives Unit Sewage Hamdan Whole wastewater Shatt al-Arab water
pH _ 7.66 7.76 8.25
E.C dsm’' 7.89 9.63 8.54
BOD 23.58 75.85 13.25
COD 211 564 172
Total hardness 280 254 554
Lead 3.7 0.23 2.84
Cadmium 1.2 0.4 1
Potassium 29 24 41
Phosphorous 0.872 0.711 0.766
Calcium 197 297.62 210
Sodium 189 914.23 338
TS MgL"! 3971 2890 5514
TSS 50 3235 92
TDS 4.48 4.02 5475
Turbidity 362 117 252
TPC CFU 3.75 x 10’ 3.42x 107 3% 10°

Table 2. The primary physical and chemical characteristics of the soil used in the agricultural

experiment
Adjective unit The value

Sand gm Kg! 279.5

Silt 3239
Clay 395.95

Tixture Clay tixture

Organic matter gmkg’! 8.28
Total carbonate 197.66

PH B 7.6

E.C dsm’ 6.5

Ca™ 7.78

Mg 6.33

K’ 0.375

Ions dissolved Cos? 0

Hcos mmole L™ 2.73

Soy4 6.17
Cl 28.24

Na 16.01
N mgkg! 17.15

P mgk! 22.9

Heavy elements Cd mg kg! 2

Pb 20.081
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RESULTS AND DISCUSSION

Table 3 showed the biological removal of heavy
elements from the contaminated agricultural
medium with 164 parts per million of lead and
11.24 parts per million of cadmium, and it is noted
that Staphylococcus aureus has removed (111.02)
parts per million of lead with a removal rate of
(69.6%). While the Escherichia coli bacteria
removed 3.283 ppm of cadmium with a removal
rate of (29.2%), Staphylococcus aureus also
showed an ability to grow in solid and liquid
media containing a concentration of 164 ppm of
lead, while Escherichia Coli bacteria were able to
grow. In solid and liquid media containing 11.24
ppm of cadmium, this is due to the extent of the
bacteria's ability to resist heavy elements through
their accumulation in their cells, their adsorption,
and the ridding of contaminated water from them
[19].

It is noted from Table 4 indicated that irrigation
with wastewater of Hamdan and Al-Jamaa stations
and Shatt Al-Arab water had a significant effect
on the dry weight of yellow corn. The highest rate
was by al-jamaa wastewater 17.98 gm pot -1,
while the lowest rate was 11.98 grams per 1 by the
effect of irrigation Shatt al-Arab water, due to the
fact that the wastewater is rich in organic matter
and nitrogen that are important for plant growth.
Also, the removal of cadmium from irrigation
water by (E. coli) had a significant effect on the
increase of dry weight of maize, as it gave the
highest rate of 16.5gm of pot-1, which was not
significantly different from the water treated with
S. aureus bacteria removing lead, which had a dry
weight of 15.80gm. pot-1, while the lowest rate
was 11.64 gm pot-1, affected by non-use of
bacteria The interaction between the water used in
irrigation and the bacterial used in its treatment
was significant effect on the dry weight of maize,
as the highest rate was 21.64 gm pot-1 when
irrigation with wastewater of the Al-Jamaa station
and their treated with E. coli bacteria removing
cadmium, while the lowest rate was 10.08 gm pot-
1 by the effect of irrigation with untreated Shatt
al-Arab water, the reason for this was that the
presence of cadmium in high concentrations in
irrigation water negatively affects cell division
and damage to the ends of the water-carrying roots
[20] Also, the high concentrations of heavy
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elements inhibit the construction of chlorophyll
due to its interference with the enzyme (proto
chlorophyllide reductase), or due to the internal
replacement of the magnesium atom in the center
of the chlorophyll molecule with the heavy
elements atoms, which leads to a decrease in the
concentration of chlorophyll [21].

It is noted from Tables 5 and 6 indicated that the
use of irrigation water with the Shatt al-Arab had a
significant effect on increasing the concentration
of nitrogen and phosphorous in the maize plant, as
the highest rate reached 3.234% and 0.3302%,
while the lowest rate were (3.126%) and
(0.2992%) (When using Hamdan sewage water
and AL-Jammaa sewage water respectively, the
bacteria used in bioremediation had a significant
effect in increasing the percentage of nitrogen and
phosphorous, and the highest rate was 4.05% and
0.3626% due to the effect of lead-removing
bacteria Staphylococcus aureus, and the lowest
rate was 1.874% and 0.239% due by non-use
bacteria respectively and the effect of the
interaction between the type of water used for
irrigation and the bacteria used in bioremediation
were significant in the percentage of nitrogen and
phosphorous. (4.383%) and (0.4167%) due to the
effect of Hamdan irrigatim water with S. aureus
bacteria removed the lead. This is due to the
presence of lead in high concentrations in
untreated sewage were decrease the plant height
and leaf area due to its negative effect on the
process of photosynthesis , formation of proteins
and carbohydrates [22].

Table 7 show that the use of Hamdan treated
water had a significant effect on increasing the
concentration of potassium in the maize plant,
and the highest rate was (3.767%), while the
lowest rate was (3.392%) due to irrigation with the
Shatt al-Arab water. The bacteria used through
biological treatment had a significant effect on the
potassium concentration in the plant. The highest
rate was (3.792%) due to the effect of E. coli
bacteria, while the lowest rate (3.203%) was fond
without using Bactria .The interaction also had a
significant effect on increasing the potassium
concentration in maize plant, as the highest rate
(4.183%) was due to the effect of using Hamdan
sewage water biologically treated with E. coli
bacteria. While the lowest rate (3.040%) was due
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to the effect of using the Shatt al-Arab water that Escherichei coli bacteria and the reduction of its
is not biologically treated with bacteria, due to the effect on the transport tissues in the root
reduce and removal of the cadmium element from system of the plant and the absorption of nutrients
the sewage as a result of adsorption by [10].

Table 3. Bio-removal of heavy metals in the culture media contaminated with lead and cadmium

Elements Bacteria Concentrate of element Concentrate of element Removal rate%
before treatment (ppm) after treatment(ppm)
Lead Staphylococcus aureus 164 52.98 67.6
Cadmium Escherichia coli 11.24 7.957 29.2

Table 4. The effect of irrigation with biologically treated and untreated water with lead and
cadmium removal bacteria on the dry weight of maize (g/pot)

Water quality
Bacteria Hamdan sewage water Al-Jammaa sewage Shatt al-Arab water Average
water
S.aureus 17.45 17.73 12.21 15.80
E.coli 14.19 21.64 13.67 16.50
control 10.27 14.57 10.08 11.64
Average 13.97 17.98 11.98 LSD=

Bacteria 1.869

Water quality L.S.D =1.869
L.S.D for interaction = 3.237

Table 5. The effect of irrigation with biological treated and untreated water with lead and cadmium
removal bacteria on nitrogen concentration in maize plant%

Water quality
Bacteria Hamdan AL-Jamaa sewage Shatt al-Arab water Average
sewage water water
S. aureus 4.353 4.093 3.675 4.050
E.coli 3.527 3.747 3.647 3.640
Control 1.467 1.773 2.383 1.874
Average 3.126 3.204 3.234 Bacteria L.S.D

=0.3586

Water quality L.S.D = 0.5586
L.S.D for interaction =0.6211

Table 6. The effect of irrigation with biologically treated and untreated water with lead and
cadmium removal bacteria on the phosphorus concentration of maize plant%

Bacteria Water quality
Hamdan sewage water Al- jamaa sewage water Shatt al-Arab water Average
S.aureus 0.4167 0.3377 0.3333 0.3626
E.coli 0.3047 0.3200 0.3967 0.3404
control 0.2167 0.2400 0.2607 0.2391
Average 0.3127 0.2992 0.3302 Bacteria L.S.D

=0.02643

Water quality L.S.D = 0.02643
L.S.D for interaction = 0.04577
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Table 7. The effect of irrigation with biologically treated and untreated water with lead and
cadmium removal bacteria on potassium concentration of maize plant %

Bacteria Water quality
Hamdan sewage water AL-Jamaa sewage water Shatt al-Arab water Average
S .aureus 4.030 3.920 3.387 3.779
E. coli 4.183 3.443 3.750 3.792
control 3.087 3.483 3.040 3.203
Average 3.767 3.616 3.392 bacteria.L.S.D =
0.2889
Water quality L.S.D =0.2889
L.S.D for interaction= 0.5004
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