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Abstract: A surface soil sample irrigated with sewage effluent since 30 years was collected from Abu-
Rawash farm in Egypt. The faecal coliform population in the sewaged soil sample was enriched to reach
7.9x10° viable cell/g. oven dry soil. The soil was directly decontaminated from enteric pathogens through
inoculation with one of the six different microorganisms, i.e. Trichoderma sp., Pseudomonas sp.,
Thiobacillus thiooxidans, Acidithiobacillus ferrooxidans, Acinetobacter sp. or Bacillus megatherium or
indirectly through enriching their indigenous Thiobacillus population by adding elemental sulpher at
different rates ranging between 25 and 250 mg/Kg™ soil. Results showed that faecal coliforms were
entirely disappeared from the sewaged soil under both direct and indirect microbial decontamination
within one month incubation at room temperature. Elemental sulfur application was more effective in
decontaminating faecal coliforms, the higher the rate applied the higher the decontaminating action. All
tested microorganisms decontaminated faecal coliforms, however, Thiobacillus thiooxidans and
Acidithiobacillus ferrooxidans, exhibited the highest efficiency. It is worthy to mention that both soil pH
and dehydrogenase activity were noticeably decreased at varying rates in all treated soils.
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INTRODUCTION

Sewage effluent reuse in farming during the last decades was extensively acknowledged as a one of the
important workable environmental options. One of the major contaminants that regularly found in sewaged soils,
and constraints their sustainable management, is enteric pathogens, which definitely are not entirely removed during
sewage effluent treatment, and in many cases their re-growth is significant (Sharda and Adholeya 2007). Numerous
protocols in bioremediation had been recently highlighted including decontamination by microorganisms. In the past
decade, scientists had reached a much better understanding of precisely how various microorganisms contribute to
enteric pathogens decontamination. This approach, however, had already been found to be effective and it is likely
that during the next five to ten years its use will become widespread (Cho et al. 1999, Gao et al. 2006, Rani et al.
2007 and Ali 2009). In this context, the present paper aims to set a microbial protocol able to decontaminate enteric
pathogens in sewaged soils for the sake of their sustainable farming.

MATERIALS AND METHODS

Experimental:

A surface soil sample sewaged for 30 years was collected from Abu-Rawash sewage farm in Egypt.
Decontamination of enteric pathogens in this soil was directly carried out through inoculation with one of six
microorganisms, or indirectly through enriching the indigenous Thiobacillus population with elemental sulpher
application. The microorganisms used were Trichoderma sp., Pseudomonas sp., Thiobacillus thiooxidans,
Thiobacillus ferrooxidans, Acinetobacter sp. and Bacillus megatherium. Elemental sulpher was added to the
sewaged soil at the rates of 25, 50, 100, 150, 200 or 250 mg/Kg™ soil.

Sufficient numbers of plastic pots were filled with 400 g. portions of the sewaged soil and immediately enriched
with 80 ml of a microbial suspension of fecal coliforms (10° CFU) to raise their initial counts from 6.1x10? to
79x10° cell/g. oven dry soil and their water holding capacity to 50%. In direct decontamination treatments, the soil
was inoculated with one of the tested microorganisms, and in indirect decontamination treatments the soil was
mixed with different rates of elemental sulpher at the rates mentioned before. Both treated and control soils were
incubated for one month at room temperature. The soil moisture content was maintained at 60% of its water holding
capacity during the experimental period by continuous moistening. Time succession samples were collected to track
the changes in the counts of faecal coliforms. The pH values and dehydrogenase activity in soil were measured
initially and after one month incubation.
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Microbiological Methods:

Faecal coliform bacteria were isolated and grown on MacConky broth (Atlas 2005). Acidithiobacillus
ferrooxidans was isolated and grown on DSMZ medium 882 (Atlas 2005). Acidithiobacillus thiooxidans was isolated
and grown on modified Waksman medium (Cho et al., 1999). Pseudomonas sp. was isolated and grown on Vanillate
medium (Atlas, 2005). Acinetobacter spp. was isolated and grown on a mineral medium with crude oil (Atlas,
2005). Bacillus megatherium was isolated and grown on Bunt and Rovira medium (1955) as modified by Lauw and
Webley (1959). Trichoderma harzianum was isolated and grown on potato dextrose agar (PDA). All microorganisms
used in the bioremediation trails were grown in Bioflo & Celligen fermentor/bioreactor, each in its specific medium,
to reach 10° CFU. Each microbial suspension was added to an organic mordant at the rate of 20 ml microbial
suspension per 100 g. mordant oven dry soil. Each inoculated pot (400 g. of the sewaged soil) was mixed with 100
g. of a mordant impregnated with a single microorganism.

Chemical Methods:
Dehydrogenase activity in the sewaged soils was estimated according to the method given by Skujins (1973).
The soil pH value was measured using the glass electrode method in a 1: 2.5 soil water suspension (Jackson 1958).

Results:
Direct Microbial Decontamination Of Enteric Pathogens:

The use of single microbial inoculation to decontaminate enteric pathogens in sewaged soils through their
antagonistic effect is a well known implement. Results given in Table (1) generally showed more or less the same
level of antagonism was exhibited by the trialed microorganisms towards faecal coliforms in the sewaged soil.
Faecal coliforms tended to diminish in both control and treated sewaged soil as time goes on during the incubation
period at varying rates. They survived in control sewaged soil until the end of incubation period exhibiting persistent
decrease in their counts from7.9x10° initially to 9.8x10* after one month incubation period at room temperature. The
situation, however, was different in the sewaged soils inoculated with one of the tested microorganisms. Faecal
coliform tended to gradually decrease, at varied rates under the different treatments, till disappeared entirely within
one month incubation period at room temperature.

Table 1: Effect of single microbial inoculation on the decontamination of enteric pathogens in sewaged soil (MPN of faecal coliforms oven dry
soil- average of three replicates)

Microorganism Time in Days
0 10 20 30

Un-inoculated Control 79x10° 4.0x10° 6.2x10° 9.8x10*
Trichoderma sp. 79x10° 6.4x10° 5.3X10* 0
Pseudomonas sp. 79x10° 4.9x10° 3.4X10° 0
Thiobacillus thiooxidans 79x10° 2.2x10° 1.2X10° 0
Acidithiobacillus ferrooxidans 79x10° 2.8x10° 1.4X10° 0
Acinetobacter sp. 79x10°¢ 3.6x10° 2.1X10° 0
Bacillus megatherium 79x10° 4.4x10° 2.8X10° 0

However, it is worthy to mention that the differences in the antagonistic effect of the different tested
bioremediation treatments were not great. But faecal coliforms entirely disappeared from all bioremediation
treatments before 30 days incubation period. In general both Thiobacillus thiooxidans and Acidithiobacillus
ferrooxidans were relatively the most effective bio-remediators (Fig 1). Thiobacillus thiooxidans lowered the counts
of faecal coliforms from 7.9x10° at O time to 2.2x10° and 1.2X10° after 10 and 20 days respectively and totally
disappeared before one month incubation period. The situation was more or less the same for Acidithiobacillus
ferrooxidans where faecal coliforms diminished from 7.9x10° at O time to 2.8x10° and 1.4X10° after 10 and 20 days
respectively and totally disappeared before one month incubation period.
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Fig. 1: Effect of single microbial inoculation on the decontamination of enteric pathogens (MPN of fecal coliforms
oven dry soil average of three replicates).

The effect of the different microbial bio-remediators on the soil pH is given in Table (2). During incubation
period the indigenous soil microorganism flourished in the control and treated sewaged soil due to the well furnished
soil ecosystem and decomposed the organic matter to diverse groups of organic acids. Despite of the high buffering
capacity of the sewaged soil, the pH slightly decreased within one month incubation period from 7.6 to 7.2 in
control soil.

Table 2: Effect of single microbial inoculation on soil pH.

Microorganism initial Final
Un-inoculated Control 7.6 7.2
Trichoderma sp. 7.6 7.1
Pseudomonas sp. 7.6 7.1
Thiobacillus thiooxidans 7.6 6.3
Acidithiobacillus ferrooxidans 7.6 6.3
Acinetobacter sp. 7.6 6.9
Bacillus megatherium 7.6 7.1

The effect of the microbial bio-remediators on pH decrease in the sewaged soil was more pronounced. It is
obvious that both Thiobacillus thiooxidans and Acidithiobacillus ferrooxidans oxidized the native sulpher in the
sewaged soil releasing sulphuric acid which decreased the soil pH. In case of Thiobacillus thiooxidans and
Acidithiobacillus ferrooxidans the pH in soil decreased from 7.6 to 6.3 (Fig 2). The soil pH slightly decreased from
7610 7.1, 7.1, 6.9 and 7.1 under inoculation with either Trichoderma sp., Pseudomonas sp., Acinetobacter sp. or
Bacillus megatherium respectively.

The effect of microbial bioremediation on the soil biological characteristics in terms of changes recorded in the
dehydrogenase activity is presented in Table (3). The changes recorded in the dehydrogenase activity in soil were
slight under all the tested microbial bio-remediators except for both Thiobacillus thiooxidans and Acidithiobacillus
ferrooxidans.

Dehydrogenase activity decreased from 13.17 to 7.68 pl H,/gm soil /24 hours oven dry basis under inoculation
with Thiobacillus thiooxidans, and from 13.17 to 8.56 pl H,/gm soil /24 hours oven dry basis under inoculation with
Acidithiobacillus ferrooxidans after one month incubation period. Other investigated microbial bio-remediators
slightly decreased the level of dehydrogenase activities in the sewaged soil from 13.17 to 10.10, 12.2, 12.46 and
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11.73 pl Hy/gm soil /24 hours oven dry basis respectively (Fig 3) in case of Trichoderma sp., Pseudomonas sp.,
Acinetobacter sp. and Bacillus megatherium.

=
I
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T F sp. Thiobacillus Acidithiobacillus ~ Acinetobacter sp. Bacillus 50mmol SKg-1  150mmol SKKg -1
thiooxidans ferrooxidans megatherium soil soil

Dinitial @Final

Fig. 2: Effect of single microbial fortification on soil pH.

Table 3: Effect of single microbial inoculation on soil Dehydrogenase (ul H,/ gm soil /24 hours oven dry basis).

Microorganism Initial Final
Un-inoculated Control 13.17 15.11
Trichoderma sp. 13.17 10.10
Pseudomonas sp. 13.17 12.20
Thiobacillus thiooxidans 13.17 7.68
Acidithiobacillus ferrooxidans 13.17 8.56
Acinetobacter sp. 13.17 12.46
Bacillus megatherium 13.17 11.73

ulH2 gm soil 24 h

Un-inoculated Trichoderma sp. Pseudomonas sp. Thiobacillu: Acidithiobacillus ~ Acinetob sp. Bacillus
Control thiooxidans ferrooxidans megatherium
Dinitial @ Fnal

Fig. 3: Effect of single microbial inoculation on soil Dehydrogenase (ul H,/ gm soil /24 hours oven dry basis).

Statistical analyses of the gained results confirmed a significant impact of the recorded changes in soil pH, as a
result of single microbial fortification, on the dehydrogenase activities (Fig 4). The changes of soil pH ranged from
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0.4 to 1.3 and subsequently affected the dehydrogenase activities. The relation followed a polynomial regression
with R"2 = 0.7273 and followed the equation Y = - 0.0474X"2 +1.3733X -2.3529.

5l Y= -0.0474x% + 1.3733x - 2.3529 "
R?=0.7273
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Fig. 4: Dehydrogenase activity in relation to pH changes resulting microbial fortification.

Indirect Microbial Decontamination Of Enteric Pathogens:

The use of elemental sulpher to decontaminate enteric pathogens in sewaged soils is recommended by many
research workers since long time (Tichy et al. 1997 and Ali (2009). Application of elemental sulpher to soil
stimulates the proliferation of indigenous Thiobacillus population that oxidizes elemental sulpher to H,SO, acid and
hence decreases the pH to values adversely effective towards the survival of faecal coliforms. Results given in Table
(4) generally showed that the higher the rate of elemental sulpher applied the higher the decrease in soil pH after one
month incubation at room temperature. Faecal coliforms tended to diminished in both control and treated sewaged
soil as time goes on during the incubation period at varying rates. They survived in control sewaged soil until the
end of incubation period exhibiting persistent decrease in their counts from7.9x10° initially to 9.8x10* after one
month incubation period at room temperature.

The situation was dissimilar in the sewaged soils fortified with elemental sulpher. Faecal coliform tended to
gradually decrease, at varied rates under the different treatments, yet entirely disappeared within one month
incubation period at room temperature in soils treated with 25-150 mg/Kg™ oven dry soil elemental sulpher. In case
of soils receiving 200 mg/Kg™ oven dry soil elemental sulpher and more, faecal coliforms completely disappeared
from the soil after 20 days incubation period at room temperature (Fig 5).

Table 4: Effect of elemental sulpher application on the decontamination of enteric pathogens (MPN of fecal coliforms oven dried average of
three replicates) .

Treatment Time in days
0 10 20 30

Control 79x10° 4.0x10° 6.2x10° 9.8x10*
Elemental sulpher 25 mg/Kg -1 79x10° 1.54x10° 7.6x10* 9.3X10°
Elemental sulpher 50 mg/Kg -1 79x10° 1.3x10° 6.5x10° 0
Elemental sulpher 100 mg/Kg -1 79x10° 9.4x10* 2.7X10° 0
Elemental sulpher 150 mg/Kg -1 79x10° 6.5x10* 6.0X10° 0
Elemental sulpher 200 mg/Kg -1 79x10° 3.4x10* 0 0
Elemental sulpher 250 mg/Kg -1 79x10° 1.2x10° 0 0

Application of elemental sulpher at the lowest tried rate decreased the MPN of faecal coliforms from initially
7.9x 10° to O after 30 days incubation at room temperature. On the other hand, the highest rate of elemental sulpher
application tried in the present work, i.e., 250 mg/Kgoven dry soil was noticeably effective in decontaminating
faecal coliforms as they entirely disappeared from the soil within 20 days incubation at room temperature.
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Fig. 5: Effect of elemental sulpher application in mg/Kg ™ oven dry soil on the decontamination of enteric
pathogens (MPN of fecal coliforms oven dried average of three replicates).

The aforementioned behavior of faecal coliforms under the different rates of sulpher oxidation goes hand in
hand with the recorded changes in soil pH after 30 days incubation at room temperature (Table 5).

During incubation period the indigenous Thiobacillus sp. flourished in the sewaged soil due to the well
furnished soil ecosystem in the presence of elemental sulpher oxidizing it to H,SO, causing remarkable decreases in
soil pH despite of the higher well known buffering capacity of sewaged soils. The pH slightly decreased within one
month incubation period from 7.6 to 7.2 in control soil due to the proliferation of indigenous biomass decompaosing
organic matter to a varied group of organic acids (Fig 6). The changes recorded in soil pH were much more
pronounced in soils treated with escalating rates of elemental sulpher.

Table 5: Effect of elemental sulpher application on soil pH.

Treatment Initial Final
Control 7.6 7.2
Elemental sulpher 25 mg/Kg ™ 7.6 6.9
Elemental sulpher 50 mg/Kg ™ 7.6 5.8
Elemental sulpher 100 mg/Kg * 7.6 5,6
Elemental sulpher 150 mg/Kg ™ 7.6 5.2
Elemental sulpher 200 mg/Kg * 7.6 4.9
Elemental sulpher 250 mg/Kg * 7.6 44

The effect of elemental sulpher application on the sewaged soil biological characteristics as presented by
changes in the dehydrogenase activity is given in Table (6). The changes recorded in the dehydrogenase activities in
soil were associated with the rate of elemental sulpher application, the higher the rate of application the higher the
decrease in dehydrogenase activity.

Dehydrogenase activity increased in control soil from 13.17 to 15.11 pl H.,/g. soil /24 hours oven dry basis as a
result of the proliferation of indigenous biomass. On the other hand dehydrogenase activity exhibited a trend similar
to that recorded in changes recorded in soil pH. The highest rate of elemental sulpher application decreased the
dehydrogenase activity in the sewaged soil from 13.17 to 4.22 ul H,/gm soil /24 hours oven dry basis when
elemental sulpher was added at a rate of 250 mg/Kg™ oven dry soil, in comparison to 9.32 pl H,/gm soil /24 hours
oven dry basis when elemental sulpher was added at a rate of 25 mg/Kg ™ oven dry soil after one month incubation
period (Fig 7).
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Fig. 6: Effect of elemental sulpher application on soil pH.

Table 6: Effect of elemental sulpher application on soil Dehydrogenase activity (ul H,/ gm soil /24 hours oven dry basis).

Treatment Initial Final
Control 13.17 15.11
Elemental sulpher 25 mg/Kg * 13.17 9.32
Elemental sulpher 50 mg /Kg * 13.17 571
Elemental sulpher 100 mg /Kg * 13.17 5.55
Elemental sulpher 150 mg /Kg * 13.17 5.19
Elemental sulpher 200 mg /Kg * 13.17 4.46
Elemental sulpher 250 mg/Kg ™ 13.17 4.22
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Fig. 7: Effect of elemental sulpher application on soil dehydrogenase activity.

Other investigated rates of elemental sulpher application decreased the dehydrogenase activity in the sewaged
soil with values ranged between the aforementioned maximum and minimum recorded levels.

Statistical analyses of the gained results confirmed a significant impact of the recorded changes in soil pH, as a
result of applying elemental sulpher, on the dehydrogenase activities (Fig 8).
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Fig. 8: Dehydrogenase activity in relation to pH changes resulting from elemental sulpher applications.
The impact followed polynomial regression with R*2 =0.9358 with an equation.
Y =-0.5042 X2 + 5. 5787 X — 6.1586

Discussion:

Numerous types of microorganisms were suggested in the immense literature to be used in decontaminating
enteric pathogens in soils including for example Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans
(Cho et al. 1999), Pseudomonas sp. (Rani et al. 2007), Acinetobacter sp. (Gao et al. 2006) Bacillus megatherium
(Rani et al. 2007). On the other hand more or less the same level decontamination was reached in the present work
by enhancing indigenous Thiobacillus biomass in the soil through the elemental sulpher application (Tichy et al.
1997 and Ali (2009).

To develop a strategy for the decontamination of enteric pathogens in sewaged soils, a steady culture collection
of efficient microorganisms must be ensured. Greater decontamination efficiency could be achieved by inoculation
of those highly active isolated pure cultures to the sewaged soil. Gained results confirmed the potency of both direct
inoculations with certain microorganisms as well as of enhancing soil indigenous biomass in decontaminating
enteric pathogens in sewaged soil. However, enhancing indigenous Thiobacillus biomass in soil by elemental
sulpher showed higher and faster decontamination. Kayser et al. (2000) ascribed this function to the oxidation of
elemental sulpher to H,SO, by sulfur-oxidizing microorganisms followed by decreasing soil pH. They linked the
efficiency of sulfur oxidation with a wide number of factors such as temperature, moisture, sulfur particle size,
aeration and Thiobacillus biomass. In the present work, the microbial oxidation of elemental sulpher was always
associated with lowering the soil pH as confirmed by Fuente et al. (2008) who found a greatest decrease in pH (0.5
units) after 21 days incubation period, in soils treated with 3.14, 4.71 and 6.28g elemental sulfur kg™ soil. The same
trend was re- established by Ali (2009) who evaluated the effect of three doses of elemental sulfur, namely 50, 100
and 150 mg/kg™ oven dry soils, and found intense soil acidification as the pH dropped by 1.2, 2.2 and 2.5 units
respectively for the three doses at termination of the experiment.

Antagonistic microorganisms usually act against enteric pathogens only when they exist in fair intensities
associated with a well furnished soil ecosystem. All of the tested microorganisms displayed a decontaminating
potency towards enteric pathogens, yet, at different efficacy and both Thiobacillus spp. were superior. Although the
use of microorganisms to decontaminate enteric pathogens in soil had witnessed as an endowed technique, it is now
somewhat distinct lacking justification since well accommodated indigenous Thiobacillus in soil are utterly able to
carry out enteric pathogens decontamination. In a few cases the natural conditions in the sewaged soils might
provide a furnished ecosystem that microbial decontamination could occur without any intervention, a process called
intrinsic microbial remediation as that found in the control treatment where faecal coliforms tedded to disappear
gradually from the sewaged soil (Sharda and Adholeya 2007). If intrinsic bioremediation that naturally occurs in
contaminated sewaged soils by indigenous soil micro-flora was unable to remove the targeted contaminants,
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exogenous zymogenic microorganisms might be introduced, despite it is not always that easy to furnish the sewaged
soil ecosystem to the optimal growth conditions needed for them to act.

Under both direct and indirect decontamination trails of enteric pathogens by certain potent microorganisms a
noticeable reduction in the soil dehydrogenase activity parallel to the recorded decrease in soil pH was conspicuous.
Caution and corrective techniques should be exercised to avoid any adverse consequences in the sewaged soil
chemical and biological characteristics.

The majority of experiments using microorganisms to decontaminate enteric pathogens had been done under
controlled laboratory conditions and not under field conditions. A critical factor in deciding whether microbial
decontamination by microorganisms is the appropriate cleanup remedy for a sewaged soil is whether enteric
pathogens are susceptible to the antagonistic action of indigenous or zymogenic microorganisms that would be
successfully added to the soil. Although existing microorganisms could decontaminate a vast array of bio-
contaminants, some are more easily to diminish than others. When deciding whether a sewaged soil is suitable for
decontamination by microorganisms, it is important to realize that no single set of the soil characteristics would
favor microbial decontamination of all pathogens. One must consider how a microbial decontamination system
might perform under variable and not perfectly known conditions. A scheme that works optimally under specific
conditions but poorly otherwise might be inappropriate for in situ microbial remediation.
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