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ABSTRACT
Biodegradation of Acetochlor and Diuron Herbicides in Soil and Liquid
Media by Cyanobacterial Mats collected from Wadi Gaza
The frequent application of herbicide in soil may have resulted in residues. These residues
tend to be harmful for the plant in the next crop cycle, and pose threats to ground water. The
presented study aims to remediate residues of acetochlor and diuron by the use of
cyanobacterial mats collected from wadi Gaza during the experimental work. The mats were
mixed manually to have homogeneous suspension then were diluted with chlorine free water
by 1:1 ratio. Concentrations of Acetochlor or Diuron in the range of 0-0.88mg/kg soil were
prepared and added to the soil pre-mixed with cyanobacterial mats at 20ml/pot and lift 2
weeks for adaptation. The same concentrations were incubated with cyanobacterial mats in a
liquid media for 20 day. Ten seeds of the bioassay test plant were sown in each plastic pot.
Then pots were arranged in groups and irrigated according to the tested herbicide
concentrations pre incubated with cyanobacterial mats in liquid media for one time only.
Degradation studies were also done by incubating various herbicide concentrations in liquid
media for 0, 10,15,20,25, and 30 days with cyanobacterial mats. Herbicides degradation in
the liquid media was evaluated by bioassay technique using wheat and Jew's Mallow as test
plants. Growth reduction was evaluated by % Growth reduction = 100*(Pc -Pt)/Pc where Pc,
Pt is plant growth of the control sample and treatment respectively. Influence of various
concentrations of cyanobacterial mats on herbicide biodegradation were evaluated by adding
20, 40, 60 and 80 ml bacterial suspension to the herbicide concentrations in each pot of the
experiments either in liquid media or in soil. Results showed that acetochlor and diuron were
stable in soil and active. Degradation of acetochlor in soil experiments was shown after 15
day, but degradation was not complete at all tested concentrations. Degradation in liquid
media was nearly complete comparing with soil experiment. Kinetics study of degradation
showed that acetochlor concentration disappeared from soil after 25 day indicating influence
of cyanobacterial mats to the degradation of acetochlor. Degradation of diuron was about
%70 at the lowest concentration, while at high concentration degradation was not completely
performed. Kinetic study did not show end of degradation due to the possible toxicity of
Diuron to cyanobacterial mats. Biodegradation of cyanobacterial mats showed that increasing
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the concentration of cyanobacterial mats enhanced the degradation of herbicides. The
interesting results of this study is that cyanobacterial mats can degrade acetochlor completely
and diuron partially at concentrations below the toxicity level. This approach can be applied
for soil and/or water remediation from herbicide residues. Further studies are needed to
isolate and identify active cyanobacteria.
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Chapter 1
Introduction
The use of chemical pesticides has brought benefits such as the increment of
agricultural production, soil productivity and products quality, which is reflected in
economical benefits, vector disease control and in general, in public health. However,
due to only 10 percent of applied pesticides reach to the target organism, a high
percentage is deposited on non target areas (soil, water, sediments) and impacts to non
target organism such wild life, besides affecting public health. Due to the extensive
pesticides use, currently there are polluted sites with these compounds (mainly soils),
besides of the production of great amounts of pesticide wastes, stored obsolete
pesticides and empty containers. For this reason, it is necessary to generate strategies
for waste treatment and/or for the bioremediation of polluted sites. The biological
treatment is an important technology from an economical and environmental point of
view. Currently, the use of native or genetically modified organism to degrade or
remove pesticides has emerged as a powerful technology for in situ remediation.
There are reports of different organisms (bacteria, algae, yeasts, fungus and plants),
characterized in relation to their genome and the enzymes that they produce that can
be used for waste treatment or bioremediation of soil and water. (Ma et al., 2011).
Acetochlor and diuron are herbicides widely used in the Middle East and worldwide.
They

belong

to

chloroacetamide

and

phenylurea

groups

respectively.

Chloroacetamide group used as a selective pre-plant incorporated and pre-emergence
herbicides, one of the most widely used member of this group, is acetochlor.
Acetochlor has the following chemical name: 2-chloro-N-(ethoxymethyl)-N-(2-ethyl6-methylphenyl) acetamide (Tomlin, 2000). It is commonly used to control annual
grasses and some broad-leaved weeds, applied as pre-emergence, pre-plant and
incorporated with other pesticides. The chloroacetamide are also reported to inhibit
protein synthesis (Ashton & Crafts, 1981), although Matthes et al., (1998) reported
that these herbicides inhibit the elongation of the very long chain fatty acids. The
precise site of action of acetochlor is not known, but it is currently thought that it
inhibits the synthesis of the very long chain fatty acids (Naturforch, 2002). The
phytotoxic chloroacetamide have no effect on the formation of long chain fatty acids
1

with up to 18 C-atoms, but the synthesis of fatty acids with 20 – 23 C-atoms are
strongly inhibited (Jayesh et al., 2007).
Diuron (N-(3, 4-dichlorophenyl)-N, N-dimethyl urea) is one of the phenyl urea
herbicide derivatives which is an important group of weed control used predominantly
either pre or post-emergence treatment of cotton, fruit, cereal and other agricultural
crops (Kidd & James, 1991). It was also used in urban and industrial areas, as an
active ingredient in antifouling boat paints and in algaecide formulations used in
fountains and aquaculture (Sørensen et al., 2008). It is a systemic herbicide, easily up
taken from soil solution by the root system of plants and rapidly translocated into
stems and leaves by the transpiration system, moving primarily via the xylem. Diuron
inhibits Hill reaction in photosynthesis, limiting the production of high-energy
compounds such as adenosine triphosphate (Hess and Warren, 2002). It is stable in
neutral temperatures hydrolyzed by acid and alkalis and decomposes at 180-190 º C
(Helliwell et al., 1998).

Several reports demonstrated the potential of different types of anaerobic
microorganisms isolated from polluted sediments to utilize both aliphatic and
aromatic compounds (Safi et. al., 2003 Safi 2004,). The significance of cyanobacterial
mats in bioremediation studies realized with the interesting observations after the Gulf
war (August 1990 until February 1991). During this war a large amount of crude oil
was released into the Gulf. About 500,000 tons of this crude oil drifted from the
Kuwait coasts to severely pollute about 770 km of the Saudi Arabian coasts as well
(Sorkhoh et al., 1992). The Gulf environment was therefore confronted with this great
oil spill and forms of higher life on the oil contaminated beaches were seriously
affected. Interestingly, after the oil spill, massive microbial mats, dominated by
cyanobacteria such as Microcoleus sp. and Phormidium sp., colonized the oiled
sediments (Hoffmann, 1996 Hopner et al., 1996,). The presence of these
cyanobacterial mats was remarkably associated with oil pollution, so that oil-free
sediments were free of such mats. In addition, this kind of mats had not been
previously reported in the region, except in the unpolluted Abu Dhabi mats (Golubic,
1992).

2

The appearance of microbial mats was also correlated with the disappearance of oil
compounds, perhaps indicating a self-cleaning activity in these polluted sites. Abed et
al., (2001) observed a similar phenomenon in the highly polluted site of Wadi GazaPalestine at the Mediterranean coast. This stream receives a variety of pollutant
sources such as diesel oil, hydrocarbons, sewage, pesticides, solid waste as well as
agricultural and industrial discharges. In spite of this high level and varied sources of
pollution, microbial mats also developed there.
1.1 Analysis of the problem
The frequent application of Acetochlor and Diuron has created environmental
problems to soil and ground water systems due to their residues and possible leaching
and/or runoff to the ground or surface water. These residues tend to be harmful to the
plant growth in the next crop cycle and to the living organisms including human being
who used the contaminated water. These residues must be removed and/or remediate
from soil and or water systems to have clean and environmentally sound systems. Our
idea to remediate soil and/or water system based on using cyanobacterial mats as a
biological remediator for contaminated soil and or water system.
1.2 Objectives
The main objective of this research is to study biodegradation of Acetochlor and
Diuron herbicides in soil and aquatic media by cyanobacterial mats collected from
Wadi Gaza. The specific objectives are:
1.

To study of acetochlor/diuron biodegradation in soil by cyanobacterial
mats.

2.

To investigate of acetochlor/diuron biodegradation in aquatic media by
cyanobacterial mats.

3.

To assess the effects of different concentrations of cyanobacterial mats on
biodegradation of acetochlor and diuron herbicides.

1.3 Research questions
1.

What are the biodegradation abilities that cyanobacterial mats have with
respect to the soil and water contamination with herbicides
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2.

What are the possible toxicities that the herbicides have on the tested
degraders (cyanobacterial mats)

3.

What are the optimum concentrations of cyanobacterial mats that necessary
to perform the biodegradation if possible

4.

What are the best media for biodegradation

5.

Which plants are more sensitive to the used herbicides in the experiments

4

Chapter 2
Literature review
2.1 Environmental distribution of acetochlor
Extensive use of pesticides has direct effects on the agroecosystem by reducing the
abundance and diversity of non-target organisms (Pimentel, 1992), pollution of
groundwater (Gilliom et al., 2006) and toxicity to humans and other mammals
(Ecobichon et al., 1990). The reduction of soil biota diversity is usually caused by
pesticides. Pesticides have significant impact on some biological functions such as the
decomposition of soil organic matter and the availability of soil nutrients (Andrén and
Lagerlöf 1983). Soil disturbance also affects ecosystems in a severe way by changing
the biotic, chemical and physical properties of the soil (Elliot et al., 1991; Doran and
Parkin, 1996).
Acetochlor was among herbicides that were frequently present in streams and
groundwater. Furthermore, Acetochlor was dictated as a major cause of ground and
surface water contamination (William et al., 2005). Dana et al., (1996) studied the
acetochlor in the hydrologic system in the Midwestern United States through the U.S
Geological Survey. The results indicated the existence of acetochlor in the collected
and analyzed water samples. It was detected in 29% of the rain samples from four
sites in Iowa, and 17% of the stream samples from 51 sites across nine states.
Balinova, (1997) studied the leaching behavior of acetochlor, its determined as
compared with two congener compounds, alachlor and metolachlor. The leaching
profiles of the herbicides in columns with different types of soil and their capacity
factors in reverse phase High Performance Liquid Chromatography (HPLC) were
compared. The herbicide is classified as a leacher in soil and its potential for
contamination of ground water is comparable with those of alachlor and metolachlor.
El-Nahhal et al., (2001) studied the leaching behavior of acetochlor and found low
concentrations at deeper soil depths. Leaching of acetochlor was also restricted in soil
profile by the use of organo-clay formulations. DATCP (2000) studied 72 Wisconsin
wells and found more than 80% of private drinking water and shallow monitoring
wells had low contaminations from alachlor, metolachlor and acetochlor.
5

Konda and Pasztor (2001) investigated the environmental behavior: movement,
distribution, persistence, and runoff by rainfall of acetochlor and atrazine, the
maximum detected residues of atrazine and acetochlor in stream water were 1 order of
magnitude higher than the maximum residue limit specified by the European Union
(EU) for environmental and drinking water (0.1 µg/L for individual compounds and
0.5 µg /L for total pesticides).
The drinking water assessment was conducted using the parent acetochlor as the
residue of concern (United States Environmental Protection Agency. USEPA, 2006).
However, there are two degradates of acetochlor which may be found in drinking
water. These degradates are acetochlor sulfonic acid and acetochlor oxanilic acid.
However, extensive surface and ground water monitoring data for acetochlor and its
two degradate have been collected as required by the USEPA under the conditional
registration of acetochlor. These monitoring studies showed that both the acetochlor
sulfonic acid and acetochlor oxanilic acid degradates have been detected in water
samples (both groundwater and surface water).
Similarly to other organic pollutants, the environmental fate of the acetochlor is
strongly related to its adsorption properties (Lengyel and Foldenyi, 2003). Adsorption
on soil is one of the most important factors for controlling acetochlor movement in
soil. The leaching behavior of acetochlor was determined by El-Nahhal et al. (2001)
as compared with two congener compounds, alachlor and metolachlor (2 herbicide
members from chloroacetamide group). Acetochlor is classified as a leacher in soil
and its potential for contamination of ground water is comparable with those of
alachlor and metolachlor.
Xiaoyin et al., (2011) found that 52.4% of 21 soil samples collected during the high
flow period in 2009 contained acetochlor and 100% of 23 soil samples collected
during the average flow period in 2010 could detect acetochlor. The concentration of
acetochlor ranged from 0.03 to 11.76 µg /kg in sediments and 0.47 to 709.37µg/kg in
riparian soils.
Despite of its high ecological risk and wide application, there are very little data
available for the distribution of acetochlor in surface water and bottom sediments in
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rivers and streams. Previous studies based on sorption and degradation experiments
have shown that acetochlor presents a risk of soil contamination, especially in
phaeozem (Xiao et al., 2005; Zhou et al., 2006; Chao et al., 2007)
2.2 Acetochlor and health
Chloroacetamide herbicides are known as human health hazards, for instance several
toxic endpoints such as: nasal tumors, thyroid tumors, and liver tumors, their
mechanism of action is poorly understood. Several chloroacetanilides have been
shown to induce glutathione-dependent cytotoxicity in cultured animal and human
cells (Deirickx, 1999). Nearly, most chloroacetamide herbicides demonstrate
carcinogenic activity, leading to chromosome breakage events. This genotoxic
activity is evident in vitro at low concentrations of the chloroacetamide, often less
than 200 μg/ml, with some activity evident at 1-10 μg/ml, suggesting that such very
low exposures in vivo may have the capacity to induce clastogenic events leading to
such adverse effects as tumors. In addition genotoxic activity is induced in vitro by
the toxic dialkyquinoneimine metabolites of chloroacetanilides (Hill et al., 1997).
Hurley et al., (1998) reported that acetochlor was among other pesticides which can
produce significant incidences of thyroid, bone, granular stomach and nasal cavity
tumors in rats, and of liver and lung tumors’ in mouse. The mutagenicity of
acetochlor, alachlor, butachlor, and metolachlor has been reviewed thoroughly by
Dearfield et al., (1999). Acetochlor and alachlor have been found to cause increases in
nasal tumors in rats (USEPA 1986, 1987, 1989, 1990, 1992, 1996).
With a wide use of acetochlor to agricultural lands, it had undoubtedly resulted in
pollution in adjacent surface waters and thus posed a potential risk to a range of
aquatic organisms (Xiaoyin et al., 2011). For example, it had been shown that
acetochlor could induce metamorphosis of ranid species and accelerated T-3-induced
metamorphosis in amphibians (Crump et al., 2002; Li et al., 2009). So far, the
USEPA (2006) has classified acetochlor as a B-2 carcinogen and acetochlor
registration can be canceled if its concentration exceeds 0.10 µg/L in groundwater or
2.0 µg/L as an annual average in surface water. Thus, investigations on the
environmental distribution of acetochlor are important for both ecological risk
assessment and agro-environmental protection
7

The USEPA classified acetochlor as “likely to be carcinogenic to humans” based on
increased incidence of lung tumors in male and female mice, histiocytic sarcoma in
female mice and nasal epithelial tumors, and thyroid follicular cell adenomas in male
and female rats. Studies in the rat evaluating thyroid and liver effects following
dietary administration of acetochlor at various dose levels indicate that acetochlor
may disrupt thyroid-pituitary homeostasis (USEPA, 2006).
2.3 Biodegradation of acetochlor
Feng et al. (2008) studied the biodegradation of acetochlor by soil microbes and
reported that acetochlor was easy degraded by soil microbes, and bacteria contributed
more than fungi in the degradation process.
Lengyel and Foldenyi (2003) studied acetochlor as a soil pollutant, the results
demonstrated low value of adsorption coefficients. This indicates that acetochlor is a
rather mobile pollutant of the soil posing a potential danger to the aquatic
environment. Persistence of acetochlor in two New Zealand field soils was measured
by Ma et al., (2004) over two years and the data were used to identify models that
adequately describe acetochlor persistence in the field, The time for 50% (DT50) and
90% (DT90) of initial acetochlor loss was approximately 9 and 56 days, and 18 and
63 days at low and high application rates, respectively. Application rate significantly
affected the DT50 and DT90 values in the Hamilton soil, but not in the Horotiu soil.
Faster acetochlor loss in the Horotiu soil possibly resulted from the higher soil
organic carbon content that retained more acetochlor near the soil surface where
higher temperature and photolysis accelerated the loss.
2.4 Environmental distribution of diuron
Diuron is a non-volatile, as indicated by its low vapor pressure of 6.90 x10-8 mm Hg
(25º C), and a low Henry’s law constant of 5.10 x 10 -10 atm m3 mol-1. It is unlikely to
be dispersed in air over a large area and has a low tendency to volatilize from water or
moist soils. Volatilization is insignificant except when diuron is exposed on the soil
surface for several days or weeks under hot, dry conditions (Hess and Warren, 2002).
Diuron has relatively low soil adsorption coefficient, while its hydrolysis and aqueous
photolysis half-lives are relatively long. Consequently diuron is both mobile and
8

relatively persistent, and is therefore prone to off-site movement in surface runoff, and
migration to ground water (Moncada, 2004). Its sorption is highly correlated with
organic matter (Spurlock and Biggar, 1994).
Andrieux et al., (1997) assessed losses of diuron via runoff from vineyards under
natural Mediterranean climate conditions. They concluded that the persistence of
diuron coupled with tillage may provide the potential for leaching. In contrast, no-till
practices have been shown to contribute to ground water contamination under certain
California conditions.
Braun and Hawkins (1991) conducted a rainfall runoff monitoring study in a citrusgrowing region of Tulare County, California and provided strong evidence that the
widespread regional presence of simazine and diuron in ground water is at least
partially attributable to contaminated runoff water entering dry wells. Similar results
were previously reported (Braun and Hawkins 1991., Spurlock et al., 1997).
Furthermore diuron was also detected in surface water (Powell et al., 1996).
Struger et al., (2011) studied occurrence and distribution of sulfonylurea and related
herbicides in central Canadian surface waters 2006-2008. They found that surface
water sampling in 2006-2008 measured the occurrence of sulfonylureas and related
herbicides (SUs) during base flow conditions and wet weather events. Flumetsulam
(29.2%), diuron (36.5%) and fomesafen (25.3%) were most frequently detected over
the course of the study. Typical SU concentrations were in the low parts per trillion
range; however, maximum concentrations of fomesafen (873 ng/L), linuron (856 ng/L)
and diuron (2,900 ng/L) approached or exceeded 1 μg/L. The temporal trend in SUs
showed a correlation with application periods. In general, detections of SUs were more
frequent where rotation of row crops was more intense. Sampling during wet-weather
events indicated potential for a range of SUs to be flushed into surface waters at
relatively high concentrations.
In addition, diuron is moderately to highly persistent in soils. The commonly reported
average field dissipation half-life is 90 days, although such half-lives are typically
highly variable (Kidd and James, 1991).
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2.5 Diuron and health
Diuron is toxic to fish and aquatic invertebrates, LC 50 (48 hr) values for diuron range
from 4.3 to 42 mg/L in fish, and range from 1 to 2.5 mg/L for aquatic invertebrates.
The LC50 (96hr) is 3.5 mg/L for rainbow trout (EXTOXNET, 1996).
Residues of diuron was detected in milk, fat body, muscles, liver and kidney of cows,
cows fed with very low doses of diuron in their diets (EXTOXNET, 1996).
Domingues et al., (2011) studied diuron exposure in male Wister rats and they found
that diuron exerts systemic and target-organ toxicity, mainly at higher concentration.
This research records the potential mutagenic, teratogenic, reproductive and
carcinogenic effects of diuron. Federico et al., (2011) investigated the genotoxic
effects of fenuron, chlorotoluron, diuron, and difenoxuron by analyses of
chromosomal aberrations (CAs) and sister chromatid exchange (SCE) in exposed
mammalian cells (Chinese hamster). They found that phenylurea herbicides induced
direct genotoxic activity, but the cytogenetic effects were greatly enhanced after
metabolic conversion. Finally the scientists concluded that these data, together with
other information on phenylurea herbicides, are of great interest from the
environmental point of view, and for human health.
2.6 Biodegradation of diuron
Microbial degradation is the primary means of diuron dissipation from soil.
Photodegradation is not considered a primary dissipation route, but losses can be
significant if diuron remains on the soil surface for several days or weeks (Hess and
Warren, 2002). Bulcke et al., (2000) evaluated the enhanced biodegradation of diuron
in soil after treatment with 3 kg ai/ha. In plots treated with the same herbicide for 12
years, the soil half-life was 37 days. In other plots that hadn’t been previously treated
the rate of diuron, soil dissipation was 2.2 times lower, indicating moderately
enhanced biodegradation in the previously treated plots. Enhanced degradation has
been reported in studies of agricultural soil samples previously exposed to diuron
indicating that a microbial adaptation to diuron degradation is possible in soil
(Rouchard et al., 2000; Piutti et al., 2002; Dellamatrice and Monteiro, 2004).
Several diuron-degrading bacteria have been isolated from different agricultural soils
(Cullington and Walker, 1999; El Deeb et al., 2000; Sørensen et al., 2001; Widehem
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et al., 2002; Dellamatrice and Monteiro, 2004) and river waters (Batisson et al.,
2007). It has been shown that different fungi, obtained from either various culture
collections or freshly isolated from agricultural soils, are capable of degrading diuron
(Weinberger and Bollag, 1972; Fratila et al., 1999; Khadrani et al., 1999; Castillo et
al., 2006). However, neither the bacterial nor the fungal diuron strains have
conclusively been shown to mineralize the ring structure of diuron.
The most efficient and well characterized degraders of diuron presented so-far are the
two closely related Arthrobacter strains D47 (Turnbull et al., 2001) and N2 (Tixier et
al., 2002; Widehem et al., 2002) isolated from British and French agricultural soils
previously treated with phenylurea herbicides. These strains are closely related to A.
globiformis and they both degrade broad spectra of phenylurea herbicides, including
both N, N-dimethyl- and N-methoxy-N-methyl substituted phenylureas, directly to
their corresponding aniline metabolites without any further degradation (Tixier et al.,
2001; Dejonghe et al., 2003).
Mineralization of diuron in environmental samples has rarely been studied and in one
of the few cases where 14C-ring-labelled diuron has been used to monitor degradation,
mineralization half-lives of 444 days from previously untreated soil and 77 days for
soil previously exposed to diuron were reported (Dellamatrice and Monteiro, 2004).
Sørensen et al., ( 2008) studied rapid mineralization of diuron by Variovorax sp.
SRS16 in pure culture and within a two-member consortium and they concluded that
a constructed coculture consisting of A. globiformis strain D47 and Variovorax sp.
SRS16 appeared highly efficient at mineralizing realistic diuron concentrations in the
range detected in different contaminated soil and water resources.
A Gram-positive, Micrococcus sp. strain PS-1 capable of utilizing phenylurea
herbicide diuron as a sole carbon source at a high concentration (up to 250 ppm) was
isolated from diuron storage site by selective enrichment study. It was studied for the
degradation of diuron and a range of its analogues (monuron, linuron, monolinuron,
chlortoluron and fenuron). The shake flasks experiments demonstrated fast
degradation of diuron (up to 96% at 250 ppm within 30 h incubation) Sharma et al.
(2010)
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2.7 Microbial mats
Microbial mats are accretionary, cohesive, macroscopic accumulations of microbial
communities, which are often laminated and grow at the sediment-water (occasionally
sediment-air) interface (Pierson 1992). They develop in time as a result of microbial
growth, sediment trapping and binding in the organic matrix, and sedimentation
(Margulis et al., 1980). These benthic, organo-sedimentary structures stabilize
unconsolidated sediment and develop in stationary or flowing systems, intertidal areas
and covering rocks or within them as endolithic communities. Their extension ranges
from a few square centimeters (as in small thermal springs) to several square
kilometers (hypersaline mats, intertidal flats). They vary in thickness from massive
accumulations measured in meters, such as those in the Arabic Gulf and Red Sea
region, to thin biofilms less than a few millimeters. Different mat systems have
distinct morphologies, community compositions and biogeochemistry. Microbial mats
are considered to be one of the oldest and smallest ecosystems on earth, sharing vary
close morphological similarities to their alleged fossil Precambrian analog, the
stromatolites (Walter et al., 1992, Van Gemerden 1993). Cyanobacterial mats are
distributed worldwide in a surprisingly wide rang of environments including
hypersaline ponds lakes, hot springs, alkaline lakes, marine intertidal flats, fresh water
lakes, hot and dry deserts and ice-covered Antarctic lakes (Amelio et al., 1989,
Pierson 1992, Stahl 1995,).
Cyanobacterial mats are composed of physiologically different groups of
microorganisms such as cyanobacteria and diatoms as oxygenic phototrophs,
chemolithottrophic colorless sulfur bacteria, anaerobic phototrophic purple sulfur
bacteria, anaerobic sulfate-reducing bacteria as well as aerobic heterotrophs.
Cyanobacteria constitute a group of prokaryotic microorganisms able to carry out
oxygen photosynthesis (Garcia-Pichel 2000). They are the dominant primary
producers in many environments including microbial mats (Van Gemerden 1993,
Stahl 1995). They may contribute largely to the global primary production in oceans
(Schmidt et al., 1991).
They have less important groups such as nitrifying and denitrifying bacteria and
methanogenic bacteria. (Revsbech et al., 1983, DesMarais 1995, Stahl 1995).
Cyanobacteria dominate the upper few millimeters of most mats, where high primary
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production occurs, and providing physical support to the sediment. Their
photosynthetic activity drives the rest of the microbial community.
All cyanobacteria are able to synthesize chlorophyll A as photosynthetic pigment
while most of them synthesize phycobiliproteins as light-harvesting pigments. They
exist in different morphologies including unicellular and filamentous forms
(Castenholz et al., 1989). Unicellular cyanobacteria may exist as single cells,
suspended or benthic, or aggregates. Filamentous morphotypes may be thin or thick,
single trichome or bundles either with or without a sheath. Some cyanobacteria form
heterocyst’s, specialized cells unable to perform oxygenic photosynthesis, which are
the sites of nitrogen fixation. Cyanobacteria have different modes of metabolism with
the capacity to switch from one mode to another (Stahl, 1995).
2.8 Microbial mats and pollution remediation
The significance of cyanobacterial mats in bioremediation studies realized with the
interesting observations after the Gulf war (August 1990 until February 1991). During
this war a large amount of crude oil was released into the Gulf. About 500,000 tons of
this crude oil drifted from the Kuwait coasts to severely pollute about 770 km of the
Saudi Arabian coasts as well (Sorkhoh et al., 1992). The Gulf environment was
therefore confronted with this great oil spill and forms of higher life on the oil
contaminated beaches were seriously affected. Interestingly, after the oil spill,
massive microbial mats, dominated by cyanobacteria such as Microcoleus sp. and
Phormidium sp., colonized the oiled sediments (Hopner et al., 1996, Hoffmann,
1996). The presence of these cyanobacterial mats was remarkably associated with oil
pollution, so that oil-free sediments were free of such mats. In addition, this kind of
mats had not been previously reported in the region, except in the unpolluted Abu
Dhabi mats (Golubic, 1992).
The appearance of microbial mats was also correlated with the disappearance of oil
compounds, perhaps indicating a self-cleaning activity in these polluted sites. Abed et
al., (2002) observed a similar phenomenon in the highly polluted site of Wadi GazaPalestine at the Mediterranean coast. This stream receives a variety of pollutant
sources such as diesel oil, hydrocarbons, sewage, pesticides, solid waste as well as
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agricultural and industrial discharges. In spite of this high level and varied sources of
pollution, microbial mats also developed there.
Since these mats are obviously recalcitrant to high level of pollution, it is assumed
that they contain communities that possess oil-degrading ability. In the Gulf mats,
photosynthetic microorganism, particularly cyanobacteria demonstrated their ability
to degrade both aliphatic and aromatic hydrocarbons and herbicides (Safi, 2004).
Kuritz and Wolk (1995) demonstrated the potential of Anabaena sp. and Nostoc
ellipsosporum for the degradation of the highly chlorinated pesticides lindane.
Naphthalene could be metabolized to 1-naphthol by Oscillatoria sp. strain JCM and
Agmenellum quadruplicatum (Cerniglia et al., 1979). Further experiments on
naphthalene oxidation by 18 different cyanobacterial and microalgal strains showed
that

this

aromatic

hydrocarbon

was

readily

degraded

by

photosynthetic

microorganisms (Cerniglia et al., 1980). Other studies showed the ability of
Oscillatoria sp. strain JCM to oxidize biphenyl to 4-hydroxybiphenyl (Cerniglia et al.,
1980) and Agmenellum quadruplicatum to metabolize phenanthrene to trans-9,10dihydroxy-9,10-dihydrophenanthrene and 1-methoxy-phenenthrene (Narro, 1985).
Cyanobacteria may contribute indirectly to the biodegradation process by immobilizing
such bacteria in their mucilage, thus preventing them from being washed out. In
addition, cyanobacteria also provide these bacteria with the oxygen produced by
photosynthesis and the fixed nitrogen needed for their activity in the degradation
processes (Radwan et al., 2000).
Several reports demonstrated the potential of different types of anaerobic
microorganisms isolated from polluted sediments to utilize both aliphatic and
aromatic compounds (Safi et al., 2003, Safi 2004). Several strains of sulfate-reducing
bacteria isolated from sulfide-rich marine sediments and a North Sea oil tank were
able to oxidize anaerobically hydrocarbons in crude oil (Rabus et al., 1993, Rueter et
al., 1994, Harms et al., 1999). Desulfobacula toluolica was the first sulfate-reducing
bacterium in pure culture that oxidizes toluene under strictly anaerobic conditions
(Rabus et al., 1993). Other newly isolated strains of iron-reducing and denitrifying
bacteria were also able to anaerobically oxidize different hydrocarbons (Lovely and
Lonergan 1990, Rabus and Widdel 1995, 1996, Rabus et al., 1999). Compounds like
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ethylbenzene, toluene, n-anilines and the aromatic plant hydrocarbon p-cymene were
degraded by such microorganisms.
Research on Wadi Gaza was initiated with the assumption that microbial systems
grown in polluted sites could be better candidates for biodegradation studies (EPRI
report, 2003). Wadi Gaza is an indispensable part of natural life in Palestine and has
an interesting history and rich biodiversity in terms of fauna and flora (Abd Rabou,
2008).
Our approach for studying biodegradation of herbicides in soil based on the idea that
cyanobacterial mats were able to remove organic pollution from water. The idea
behind using bioassay technique to evaluate biodegradation of herbicide in soil based
on the fact that bioassay technique is more sensitive than chemical technique as
previously reported by El-Nahhal 2004. In this method we determined the remaining
concentration of the herbicides in soil as reported by El-Nahhal (2003) and El-Nahhal
et al., (2005).
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Chapter 3

MATERIALS AND METHODS
The experimental work of this study was executed at AL-Azhar University
laboratories. The experimental work started in 2008 and was completed in 2009.
3.1. Acetochlor and diuron herbicides
Analytical grade acetochlor and diuron purity 98% and 99.8% were purchased from
ChemService USA and Flulka, Germany respectively.
Acetochlor, Common name acetochlor; Structural formula:

IUPAC name 2-chloro-N-ethoxymethyl-6-ethylaceto-o-toluidide; Chemical Abstracts
name

2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-methylphenyl) acetamide; Physical

Chemistry: Mol. Wt. 269.77; M. f. C14H20ClNO2; Form Clear viscous liquid, tech. is a
wine red to yellow or amber oil; M.p. 10.6 oC; B.p. 172 oC/5 mmHg; V.p. 400± 130
mPa (20 oC); Kow log= 4.14; Henry 3.83 x 10-1 Pam3 mol-1 (calc.); S.g./ density
1.1221 (20 oC); Solubility: Water 223 mg/ l (25 oC); Soluble in diethyl ether, acetone,
benzene, chloroform, ethanol, ethyl acetate, and toluene; Stable for over 2 years at 20
o

C (EC formulation); F.p. 160 oC (Tag closed cup); Uses Used pre-emergence or pre-

plant to control annual grasses, certain annual broad-leaved weeds and yellow
nutsedge in maize (at 3 kg/ha), peanuts, soya beans, cotton, potatoes and sugar cane;
Mammalian Toxicology: Acute oral LD50 for rats 2148 mg/kg.
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Diuron, Common name diuron; Structural formula:

IUPAC name 3-(3,4-dichlorophenyl)-1,1-dimethylurea; Chemical Abstracts name N(3, 4-dichlorophenyl)-N, N-dimethyl urea; Physical Chemistry: Mol. Wt. 233.1; M. f.
C9H10CL2N2O; Form Colourless crystals; M.p. 158-159 oC; V.p. 1.1 x 10-3 130 mPa
(25 oC); Kow logP= 2.85±0.03 (25 oC); Henry 7.04 x 10-6 Pam3 mol-1 (calc.); S.g./
density 1.48; Solubility: In water 36.4 mg/ l (25 oC), In acetone 53, butyl stearate 1.4,
benzene 1.2 (all in g/kg, 27˚C), Sparingly soluble in hydrocarbons; Stability: Stable in
neutral media at normal temperature, but hydrolyzed at elevated temperatures,
Hydrolysed by acids and alkalis, Decomposes at 180-190 oC; Uses: Total control of
weeds and mosses on non-crop areas, at 10-30 kg a.i/ha.; Selective control of
germinating grass and broad-leaved weeds in many crops, including asparagus, tree
fruit, bush fruit, citrus fruit, vines, olives, pineapples, bananas, sugar cane, cotton,
peppermint, alfalfa, forage legumes, cereals, maize, sorghum, and perennial grassseed crops, at 0.6-4.8 kg/ha.; Phytotoxic residues in soil disappear 1 season at these
lower rates; Mammalian Toxicology: Acute oral LD50 for rats 3400 mg/kg (Tomlin,
2000)
Technical amounts of acetochlor (200 mg/L) and/or diuron (31.3 mg/L) were
dissolved in 1L distilled water and used as a stock solution throughout the
experiments. Each stock solution of the herbicide was used to prepare the standard
solutions. Further dilutions were made to obtain the needed concentration as planned
in the experiments. The following concentrations of both herbicides were prepared
and tested 0.055, 0.110, 0.220, 0.440, and 0.880 mg/kg soil.
3.2. Collection of cyanobacterial mat samples
Following the procedure described by Abed and Garcia (2001) and Safi et al., (2001)
the samples of cyanobacterial mats were collected from several locations in Wadi
Gaza. The cyanobacterial mats usually grow as floating materials on water surface.
The samples were collected by using plastic pot fixed on long stake.
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The collected cyanobacterial mats were transferred to a 20 liter plastic pot and
brought to the laboratory of Al Azhar University. The samples are physically filtered
through 2 mm mesh sieve and then diluted by tap water free from chlorine or any
disinfecting agents. The dilution was 1:1 ratio. Due to long period of laboratory
experiments, the collection of cyanobacterial mats was repeated several times as
necessary required.
3.3 Soil collection and analysis
Soil samples were collected from 0-30 cm of agricultural land top, located in Al
Zawaida village in the Middle Governorate of Gaza Strip which has no history of
acetochlor or diuron application in the past 10 years. Soil samples were physically and
chemically analyzed. The soil samples were sieved using 2 mm mish size then they
were sterilized using an autoclave (SS-325-Automatic High-Pressure-Steam Sterilizer
Class I-B). Soil sterilization was done by adding 6 kg soil to polyethylene packets and
saturates them with water for 48 hours. Then they were transported to smaller nylon
envelops that are tolerant to high temperature. The soil samples were kept in the
autoclave under 120 ˚C for 1.5 hours and then were left for cooling. The cooled soil
was transferred to black plastic pots having 4 holes in the bottom, for the execution of
the experiment.
3.4 Bioassay technique
The idea behind using bioassay technique to evaluate the herbicides activity of
acetochlor and diuron based on the fact that bioassay technique is more sensitive than
chemical technique beside the fact that it can determine low concentrations and it is
environmentally friendly as previously reported by El-Nahhal (2004). Irrigation water
used in all experiments was obtained from Al Azhar University well where no
chlorination process was used for disinfection. However, each irrigation water amount
obtained from the well was analyzed in advance before irrigation to insure that water
is chlorine free. This is essential since it affects the growth of bacteria.
3.4.1 Selection of sensitive plants to acetochlor and diuron
For acetochlor experiments, Wheat (Triticum sp) and foxtail (Setaria virides) were
used as test plants for bioassay studies (El-Nahhal et al., 1998a and b). For diuron, the
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available information about the sensitive bioassay plants was not sufficient;
accordingly several plants were tested for diuron sensitivity as follows: kidney bean,
corn, wheat, jew's mallow, rocket and chard.
3.4.2 Test of seeds germination and herbicides efficiency
Before starting the experimental phase both germination rates of used seeds were
tested as following the procedure described below.
In this experiment 10 seeds of the test plants were sown in plastic pots, irrigated with
water and kept in the growth chamber for 14 days. Then the germinated seeds were
calculated and divided by the total number of sown plants.
The herbicidal activity of acetochlor and diuron against the test plants were
tested according to the procedure described by El-Nahhal et al., (1998a and b). In this
procedure gradient concentration below the solubility limit was prepared and added to
several plastic pots containing 10 seeds of the test plants.

The pots were then

transferred to the growth chamber for 2 weeks and irrigated as necessary. After 2
weeks growth inhibition % of the tested plant was calculated according to the
following equation:
% Growth Inhibition = 100*(Pc -Pt)/Pc

(1)

Where Pc and Pt are the shoot heights of the control and the treated samples at any soil
depth
3.5 Biodegradation of acetochlor and diuron by cyanobacterial mats
Biodegradation of acetochlor and diuron by cyanobacterial mats was studied based on
the method previously reported by El-Nahhal (2003) and El-Nahhal et al. (2005), the
remaining concentration of the herbicides in soil was determined. In this procedure a
linear dose-response relationship was initiated from the above mentioned
concentrations. Based on regression analysis the necessary equation to evaluate the
remaining concentration at the corresponding value of growth inhibition was
determined in this study.
Twenty ml of cyanobacterial mats suspension was mixed with 340 gm soil pots and
left for 20 days before the cultivation and application of acetochlor herbicide.
Acetochlor was applied in the cultivation day. Six different concentrations (0.000,
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0.055, 0.110, 0.220, 0.440 and 0.880 mg/kg soil) were used. Each concentration has 5
replicates. The same concentrations were used in all the next experiments.

3.5.1 Incubation of herbicides with cyanobacterial mats directly in pots
In this experiment, soil samples (340g/pot) were incubated with cyanobacterial mat
and kept wet for 2 weeks. Then, the soil samples were mixed with the required
herbicide concentrations. The pots were transferred to the growth chamber for 2
weeks, and 10 seeds of the test plant were sown in each pot. The pots were irrigated
with 20 ml water free of chlorine. The germinated seeds were irrigated with water as
required. The growth of the test plants were taken as indicator of herbicide
degradation according to equation 1.
Soil samples were saturated with water free from chlorine along with
cyanobacterial mats and the test herbicide concentrations in glass bottles. The bottles
were transferred to the growth chamber for 2 weeks and then the soil samples were
transferred to plastic pots for bioassay. The pots were left in the growth chamber for 2
weeks and the growth of the test plants were used as indicator of herbicidal
degradation according to equation 1.
3.5.2 Incubation of herbicides with cyanobacterial mats at a liquid media
In this procedure, the tested concentrations of acetochlor or diuron were separately
incubated with cyanobacterial mats in liquid media. In these experiments the tested
herbicide concentrations were prepared and transferred to glass bottles and 20 ml of
cyanobacterial mats were added to each bottle and complete to the required volume
with tap water free from chlorine. The bottles were transferred to the growth
chambers for 20 days. In this technique the sterilized soil samples were transferred to
plastic pots. Ten seeds of the test plant were sown in each pot. The pots were
organized as groups according to the tested concentrations of each herbicide. Then
each group member was irrigated with 20 ml of the tested concentration for one time
only. The pots were then kept wet by addition of few drops of irrigation water. The
pots were let in the growth chamber for 2 weeks and then the growth was calculated
according to equation 1. Growth of the test plant was taken as indicator of the
biodegradation of the herbicides. Biodegradation experiments were tested by bioassay
using equation (1).
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3.5.3 Influence of different incubation periods
In this procedure the tested acetochlor or diuron concentrations were incubated with
20 ml cyanobacterial mats in liquid media for 5,10,15,25 and 30 days. Then the liquid
media was used to irrigate pots pre-planted with 10 seeds of the test plant. For control
experiment herbicide concentrations were incubated in a liquid media without
cyanobacterial mats for the same period of time. Growth inhibition was taken as
indicator of herbicides concentrations, and calculated according to equation (1).
3.5.4 Influence of various cyanobacterial mats concentrations
Following the procedure described above, 40, 50, 60 and 80ml of cyanobacterial mats
suspension were added to the tested concentration of herbicides for constant period.
The liquid media used to irrigate pots pre-planted with10 seeds of test plant. Growth
inhibition was taken as indicators of herbicides concentration, according to equation
(1).
3.5.5 Effect of light or hydrolysis on degradation of diuron
The tested concentrations of Diuron without cyanobacterial mats were exposed to
sunlight in August during the degradation experiments to evaluate the satiability and
persistence. Herbicidal activity of Diuron using equation (1) was taken as an indicator
of stability.
3.6 Statistical analysis
The experiment design was randomized block. The growth inhibition data and main
effects and interactions were analyzed by ANOVA test using Excel program. T-test
was used to detect the significant difference among treatments. Average and standard
deviation was calculated for each concentration and used as error bars in the
appropriate figures. We marked the columns or figures with same letters where
differences are not significantly different at α= 0.05.
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Chapter 4
Results and Discussion
4.1 Collected cyanobacterial mats
The cyanobacterial mats used in this study was collected from Wadi Gaza. The Wadi
receives a variety of pollution sources such as diesel oil, hydrocarbons, sewage,
pesticides, solid wastes as well as agricultural and industrial discharges (Safi et al.,
2001). Fossil fuel pollution in Wadi Gaza, salinity, temperature and water level of the
Wadi change seasonally, leading to marked changes in the appearance of the mats. In
the western part, salinity ranges between 1% (w/v total salts) in winter and 3.5 % in
summer and the average daily temperature varies between 15 oC in winter and 35 oC
in summer (Abed and Garcia-Pichel 2001 ). At the time of sampling, the mats were
submerged, measured water temperature was 26 oC, and the salinity was 2%.
Microbial biofilms dominated by cyanobacteria were found to develop on the
sediment surface in the presence of this high level of pollution.
Abed and Garcia-Pichel

(2001) studied the diversity of cyanobacterial mats in Wadi

Gaza and showed that the Wadi was dominated by Phormidium and Oscillatoria-like
morphotypes. Furthermore, in a slurry experiment (Safi et al., 2001, Abed et al.,
2002) showed the ability of cyanobacterial mats to degrade n-octadecane, pristine,
dibenzothiophene and phenanthrene. The mats degraded these compounds rapidly
within 3 days.
4.2 Soil analysis
Soil which was collected from rural area known as pesticides free was analyzed at the
Ministry of Agriculture Laboratory. The structural analysis of the tested soil showed
that the content of sand, silt and clay were 92%, 2% and 6% respectively. The
chemical analysis showed that N% and P% were 1.5 and 1.2 respectively, whereas
Na+, K+ and Ca++ cations were 30.5, 0.4 and 29 meq/L, respectively, pH was 7.5
and EC was 5.3 Mmohs/cm.
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4.3 Bioassay technique results
4.3.1 Selection of sensitive plants
For acetochlor experiments, wheat (Triticum sp) and foxtail (Setaria virides) were
used as test plants for bioassay studies (El-Nahhal et al., 1998a and b). For diuron
several plants were evaluated by dose-response relationship by mixing the tested
concentrations with soil and distributing them to plant pots, having hole for water
drainage. In each concentration 10 seeds of jew's mallow (Corchorus olitorius) were
sown in each plot, irrigated with water and left to grow normally. This procedure was
repeated for the following plants: kidney bean, corn, wheat, rocket and chard. Based
on the results, the most sensitive plants for diuron were jew’s mallow, corn, kidney
bean, wheat and chard were selected, respectively.
4.4 Biodegradation of acetochlor
4.4.1 Dose-response relationship of acetochlor
Responses of wheat plants to different concentrations of acetochlor are shown in
Table 4.1 and Figure 4.1.

Table 4.1 Dose response relationship of acetochlor and wheat growth
Acetochlor Conc.
% Growth

%Inhibition Growth

0.000

100

0.0

0.055

100

0.0

0.110

86.2

13.8

0.220

65.5

34.5

0.440

41.3

58.7

0.880

7.9

92.1

(mg/kg soil)
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1

Figure 4.1 Dose response relationship of acetochlor and wheat growth
inhibition
It can be seen that a linear relationship of low concentrations of acetochlor and wheat
growth has been established (R2= 0.9556, and Y=112.77X). This relationship allows,
as using the equation shown in Figure 4.1, to estimate the remaining concentrations of
acetochlor. This bioassay determination was previously reported (El-Nahhal 2003).
4.4.2 Effect of acetochlor on wheat growth without incubation of cyanobacterial
mats
Effect of acetochlor alone without incubation with cyanobacterial mats on wheat
growth is shown in Table 4.2 and Figure 4.2. It can be seen that acetochlor inhibited
the growth of wheat as its concentration increased in the soil up to 0.88 mg/kg. It is
obvious that there was a linear reduction in wheat growth is shown from the control
samples (0.0 acetochlor) up to the highest concentration 0.88 mg. Furthermore, the
effect of acetochlor is more pronounced at higher concentrations than at low ones.
Statistical analysis indicates significant differences among concentrations. Columns
with the same letters wherever the differences are not significant at level of 0.05.
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Table 4.2 Effect of acetochlor on wheat growth without incubation of
cyanobacterial mats
Acetochlor Conc. (mg/kg soil)

% Growth

0.000

100

0.055

90.8

a

9.2

0.110

78.5

b

21.5

0.220

69.1

b

30.9

0.440

30.8

c

69.2

0.880

15.5

d

84.5

%Inhibition Growth

a

0.0

120

% Growth

100
80

a

a

b

60

b

40
c

20

d

0
0

0.055

0.11

0.22

0.44

0.88

Acetochlor conc. mg/kg soil

Figure 4.2 Effect of acetochlor on wheat growth without incubation with
cyanobacterial mats
4.4.3 Incubation of acetochlor with cyanobacterial mats directly in pots
Effect of cyanobacterial mats in the degradation of acetochlor after 2 weeks period of
incubation in soil is shown in Table 4.3 and Figure 4.3. The presented results show
similar wheat growth in the control and the lowest concentration (0.055 mg/kg soil).
These results indicated that acetochlor relatively disappeared from soil due to possible
degradation by cyanobacterial mats. Growth reductions were obvious at high
acetochlor concentrations (Figure 4.3). Nearly moderate concentrations are still
persistent in soil as shown by the growth reduction of wheat. Comparison between
growth in the control and the treatment with the lowest concentration indicated no
differences. These results were also confirmed by the statistical analysis. These data
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indicated possible mineralization of acetochlor at low concentration, which agrees
with Dictor et al., (2008) who studied acetochlor mineralization and fate of its two
major metabolites in two soils under laboratory conditions. Furthermore, at high
concentrations the statistical analysis discriminate significant differences among
concentrations as shown by the letters presented on percent growth columns (Figure
4.3). In these cases p-values were below 0.05.
Table 4.3 Effect of acetochlor on wheat growth after 2 weeks of incubation with
cyanobacterial mats
Acetochlor Conc. (mg/kg soil)

% Growth

%Inhibition Growth

0.000

100

a

0.0

0.055

100

a

0.0

0.110

86

b

14

0.220

65

c

35

0.440

41

d

59

0.880

8

e

92

120

% Growth

100
80
60

a

a
b

40

c

20
d

0
0

0.055

0.11
0.22
Acetochlor conc. mg/kg soil

0.44

e
0.88

Figure 4.3 Effect of acetochlor on wheat growth after 2 weeks of incubation
with cyanobacterial mats
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In addition, the remaining concentrations of acetochlor were estimated according to
the equation presented in Figure 4.1 and presented the data in Table 4.4. It can be seen
that the treatments with cyanobacterial mats contained lower remaining concentration
of acetochlor. Comparison between the initial concentrations added and the remaining
indicated the activity of cyanobacterial mats as acetochlor degraders. These results are
in accord with Dong et al., (2011) who studied the isolation and degradation
characteristics of acetochlor-degrading strain A-3 and found that strain A-3 could
degrade acetochlor effectively. The growth and degradation process were affected by
environmental media, and the degradation of acetochlor could be controlled by
changing the composition of the culture (Dong et al., 2011).
Table 4.4 Initial and remaining concentrations of acetochlor after 2 weeks of
incubation with cyanobacterial mats

Initial acetochlor conc. (mg/kg soil)

R

%R

0.055

0.03

54.5

0.110

0.10

90.9

0.220

0.20

90.9

0.440

0.40

90.9

0.880

0.57

64.8

R represents remaining concentrations (mg/kg soil)
It is obvious that there were decrease in all acetochlor concentrations in the presence
of cyanobacterial mats (CB mats). These results indicated that CB mats degraded
acetochlor in certain portion. Furthermore, the biodegradation of acetochlor was more
pronounced at lower concentrations (0.055, 0.110, 0.220 mg/kg) than at higher
concentrations (0.44, 0.88 mg/kg). These results agreed with Xu et al., (2008) who
tested the capability of 4 microbial communities for degrading acetochlor and found
that acetochlor concentration of 55mg/L was completely degraded by the four mixed
cultures after 4 days. Furthermore, the remaining concentration of acetochlor (Table
4.4) revealed that acetochlor degradation was not so fast in soil media. Therefore,
acetochlor or its metabolites in soil may have a toxic effect on bacterial mats; this
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argument may stand behind the low degradation whenever was acetochlor incubated
directly with cyanobacterial mats in soil. This suggestion was strongly supported by
Virag et al., (2007) who concluded that acetochlor and its photolytic degradation
products were found to be more toxic to bacteria than fungi.
In addition our results suggest that CB mats at high concentrations of acetochlor
may undergo community changes that cannot make the required degradation at the
same time. At low concentrations the degradation was high indicating that no
community changes occurred. Our suggestion agrees with Grötzsche et al., (2002)
who did not reveal any significant community changes at lower concentrations of
petroleum products degraded by cyanobacterial mats. In contrast, Wu et al., (2009)
reported that acetochlor application changed the community structure of
Pseudomonas in aquic brown soil. The diversity of Pseudomonas and the amount of
isolated Pseudomonas strains with antagonistic activity decreased with an increasing
acetochlor concentration, and the toxic effect of acetochlor reached to a steady level at
150-250 mg/kg.
4.4.4 Influence of CB mats on degradation of acetochlor at water saturated soil
condition
Influence of CB mats on degradation of acetochlor at water saturated soil condition
after 2 weeks of incubation at room temperature are shown in Table 4.5 and Figure
4.4. It is clear that there are nearly similar wheat growths in all concentrations of
acetochlor. Statistical analysis does not discriminate significant differences among
acetochlor different concentrations regardless the percent of wheat responses to the
remaining concentrations of acetochlor. It is obvious that acetochlor was degraded
completely (Figure 4.4), by incubation with cyanobacterial mats.
However, comparison between wheat growth percentage in soil incubated with
acetochlor and cyanobacterial mats together and soil incubated with cyanobacterial
mats for 2 weeks (Figure 4.3), indicates that at low acetochlor concentration
degradation was nearly similar, no significant differences were detected, whereas at
high acetochlor concentrations, degradation of acetochlor was more pronounced at
water saturated soil incubated with acetochlor and cyanobacterial mats for 2 weeks
(Figure 4.4). Statistical analysis indicated significant differences, p-value = 0.027.
The explanation of these results is that incubating acetochlor, cyanobacterial mats and
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soil in a saturated conditions, make the media suitable for cyanobacterial mats growth.
According cyanobacterial mat grow rapidly and use acetochlor molecules as a source
of energy. Similar explanation was given to degradation of phenanthrene by
cyanobacterial mats (Safi, 2004). Furthermore, incubation of cyanobacterial mat with
soil for 2 week at normal soil conditions (Figure 4.3) may not be enough time to allow
cyanobacterial mats to grow as rapid as necessary to degrade acetochlor.
Table 4.5 Effect of acetochlor on wheat growth after 2 weeks of incubation with
cyanobacterial mats in water saturated soil
Acetochlor conc.
% Growth

%Inhibition Growth

(mg/kg soil)
0.000

100

a

0.0

0.055

97.9

a

2.1

0.110

99.4

a

0.6

0.220

93.2

a

6.8

0.440

98.5

a

1.5

0.880

91.8

a

8.2

120
100

% Growth

80
60
40

a

a

a

a

a

a

0.22

0.44

0.88

20
0
0

0.055

0.11

Acetochlor conc. mg/kg soil

Figure 4.4 Effect of acetochlor on wheat growth after 2 weeks of incubation
with cyanobacterial mats in water saturated soil

29

Furthermore, the remaining concentrations of acetochlor were estimated and the
results are shown in Table 4.6.

Table 4.6 Initial and remaining acetochlor concentrations in different
treatments with cyanobacterial mats
Initial
Remaining acetochlor concentrations and its percent
acetochlor
conc.

(Soil+CB mats+

(mg/kg soil)

acetochor)

%R

mats)+acetochlor

%R

0.055

0.01

18.18

0.0

0

0.110

0.08

72.7

0.10

90.9

0.220

0.08

36.3

0.20

90.9

0.440

0.17

38.6

0.40

90.9

0.880

0.12

13.6

0.57

64.7

(Soil+CB

4.4.5 Effects of different incubation techniques on the biodegradation of
acetochlor
It can be seen that incubating acetochlor in a liquid media without cyanobacterial
mats (Table 4.7 and Figure 4.5) did not show any significant degradation and
acetochlor remains active as an herbicide as shown by wheat growth percentage
which declined as acetochlor concentration increased in the liquid media. These
results indicate that acetochlor persist water hydrolysis. Similar results were shown by
El-Nahhal (2003) who showed persistence of chloroacetanilide herbicides under field
conditions.
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Table 4.7 Effect of acetochlor on wheat growth without incubation of
cyanobacterial mats in a liquid media
Acetochlor conc. (mg/kg soil)

%Growth

%Inhibition Growth

0.000

100

a

0.0

0.055

86.5

b

13.5

0.110

42.1

c

57.9

0.220

22.6

d

77.4

0.440

9.8

e

90.2

0.880

7.5

e

92.5

120

% Growth

100
80

a
b

60
40

c

20

d

e

e

0.44

0.88

0
0

0.055

0.11

0.22

Acetochlor conc. mg/kg

Figure 4.5 Effect of acetochlor on wheat growth without incubation of
cyanobacterial mats in a liquid media
In the way around, acetochlor nearly degraded completely (Figure 4.6, Table 4.8) by
incubation with cyanobacterial mats in a liquid media. These results are in accord
with those mentioned above.
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Table 4.8 Effect of acetochlor on wheat growth after incubation with
cyanobacterial mats in a liquid media
Acetochlor Conc. (mg/kg soil)

% Growth

%Inhibition Growth

0.000

100

a

0.0

0.055

97.9

a

2.1

0.110

99.4

a

0.6

0.220

93.2

a

6.8

0.440

98.5

a

1.5

0.880

91.8

a

8.2

120
100

% Growth

80
60
40

a

a

a

a

a

a

0.22

0.44

0.88

20
0
0

0.055

0.11

Acetochlor conc. mg/kg soil

Figure 4.6 Effect of acetochlor on wheat growth after incubation with
cyanobacterial mats in a liquid media

Furthermore, the remaining concentrations of acetochlor of the data in Figure 4.6
were estimated and presented in Table 4.9. It is clear that % remaining ranged
between 1.8 and 6.8 indicating large portion of degradation.
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Table 4.9 Initial and remaining acetochlor concentrations after incubation with
cyanobacterial mats in aquatic glass bottles for 20 days
Acetochlor conc. (mg/kg soil)

R

%R

0.055

0.0015

2.7

0.11

0.004

3.6

0.22

0.004

1.8

0.44

0.011

2.5

0.88

0.060

6.8

It can be seen that wheat plant grew normally in pots irrigated with acetochlor
concentrations incubated with cyanobacterial mats for 20 days, whereas the growth
was severally reduced in liquid media containing acetochlor without cyanobacterial
mats. This indicates the stability of acetochlor as mentioned above. It is obvious from
Table 4.7, 4.8 and 4.9 that the presented data are in accord. Statistical analysis
between the 2 treatments indicated significant difference, p-value = 0.0047.
Estimation of the remaining concentration of acetochlor (Table 4.9) indicated that
large fraction of acetochlor disappeared due to possible degradation by cyanobacterial
mats. It is also obvious that the remaining concentration is nearly evenly degraded by
cyanobacterial mats regardless to the contamination with acetochlor.
4.4.6 Biodegradation of high concentrations of acetochlor
Biodegradation of high concentrations of acetochlor by cyanobacterial mats in aquatic
media is shown in Figure 4.7 and Table 4.10. It can be seen that wheat grew normally
in pots irrigated with high concentrations of acetochlor incubated with cyanobacterial
mat in liquid media. These results indicate that cyanobacterial mats were able to
degrade wide range of acetochlor concentrations (1-5 folds of field rates). The results
in this investigation agree with recent report of Munoz et al. (2011) which indicates
that microorganisms comprising two main branches of the tree of life have acquired
the ability to degrade the same novel chlorinated herbicide that has been recently
added to the biosphere. Furthermore, a recent study (Abed et al., 2002) indicated that
cyanobacterial mats were able to degrade large concentration of petroleum products.
Statistical analysis showed significant difference at the highest concentrations as
shown by different letters in the columns in (Figure 4.7). Furthermore, the statistical
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analysis at the highest concentrations (1.76-2.2 mg/kg) did not discriminate
differences. This means that degradation of acetochlor at high concentrations is
similar. This may be explained by the fact that at high concentrations some
community changes may occur and degradation may be affected.
Table 4.10 Influence of cyanobacterial mats on degradation of high
concentrations of acetochlor (1-5 folds of field rate) in aquatic media for 20
days
Acetochlor Conc. (mg/kg soil)
% Growth

%Inhibition Growth

+ cyanobacterial mats
0.000

100

a

0.0

0.440

97.4

a

2.6

0.880

98.2

a

1.8

1.320

98.8

a

1.2

1.760

90.7

b

9.3

2.200

94.4

b

5.6

120

% Growth

100
80
60

a

a

a

a

b

40

b

20
0
0

0.44

0.88

1.32

1.76

2.2

Acetochlor conc. mg/kg soil

Figure 4.7 Influence of cyanobacterial mats on degradation of high
concentrations of acetochlor in aquatic media

Furthermore, the remaining concentrations (Figure 4.7) were estimated and presented
in Table 4.11. It can be realized that large quantities were disappeared, due to possible
degradation by cyanobacterial mats. It is obvious that there is a good agreement
between the data in Tables 4.9 and 4.11.
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Table 4.11 Initial and remaining acetochlor concentrations (0.44-2.2 mg/kg soil)
after incubation with cyanobacterial mats in an aquatic glass bottles for 20 days
Initial acetochlor conc. (mg/kg soil)

R

%R

0.440

0.02

4.5

0.880

0.02

2.2

1.320

0.02

1.5

1.760

0.07

3.9

2.200

0.07

3.1

4.4.7 Kinetics of acetochlor biodegradation
Kinetics of biodegradation of acetochlor after different periods of incubation with
cyanobacterial mats (5, 10, 15, and 25 days) are shown in Table 4.12 and Figures 4.8a and
4.8b. In these experiments acetochlor was incubated in a liquid media with and

without cyanobacterial mats for various periods of time. Then the liquid media were
evaluated by bioassay to determine the residues of acetochlor in the solution. Results
of these experiments are shown in Table 4-12. It is obvious that at acetochlor
concentrations below 0.22 mg/kg soil almost completely degraded by cyanobacterial
mats after 5 days of incubating at room temperature in a liquid media. The statistical
analysis did not discriminate significant differences. However, comparison between
the growth in control samples (0.0 mg/kg) and those of high concentrations (0.44,
0.88 mg/kg) showed different growth % of wheat. Statistical analysis showed
significant deference, p-value = 0.00004.
Table 4.12 Effect of acetochlor on wheat growth after 5-25 days of incubation
with cyanobacterial mats
Acetochlor
conc.
(mg/kg soil)
0.000

% Growth and %Inhibition Growth
5 days

5 days

10 days

10 days

15 days

15 days

25 days

25days

%G

%IG

%G

%IG

%G

%IG

%G

%IG

100

a

100

a

0.0

0.0

0.055

95.6

a

4.4

97.1

a

0.110

98.7

a

1.3

99.7

0.220

97.4

a

2.6

0.440

81

0.880

45.7

b

c

100

a

100

a

0.0

0.0

2.9

90.2

a

0.8

98.9

a

1.1

a

0.3

91.1

a

8.9

99.2

a

0.8

99.2

a

0.8

93.6

a

6.4

98

19

94.1

a

5.9

93.6

a

6.4

93.2

a

6.8

54.3

90.3

a

0.7

90.3

a

0.7

97.4

a

2.6

35

a

2

5 days

120
100
80
60
a

% Growth

40

a

a

a

b

20

c

0

10 days

120
100
80
60
a

a

40

a

a

a

a

20
0
0

0.055

0.11

0.22

0.44

0.88

Acetochlor conc. mg/kg soil

Figure 4.8a Biodegradation of acetochlor after 5 and 10 days of incubation
with cyanobacterial mats in liquid media. Effect measured as
wheat growth
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120

15 days

100
80
60

a
a

a
a

% Growth

40

a

a

20
0

25 days

120
100
80
60
a
a

40

a

a

a

a

0.22

0.44

0.88

20
0
0

0.055

0.11

Acetochlor conc. mg/kg soil

Figure 4.8b Biodegradation of acetochlor after 15 and 25 days of incubation
with cyanobacterial mats in liquid media. Effect measured as
wheat growth

Degradation of acetochlor after 15 and 25 days were shown in Figure 4.8b. The
Figure clearly demonstrated that degradation of acetochlor was almost completely
achieved after 10 days as shown by the growth percent of wheat, and this was similar
to the degradation after 15 and 25 days. Comparison of degradation after 10, 15 and
25 days clearly showed no significant differences as shown by the letters in columns
of Figure 4.8b.
Furthermore, estimation of the remaining concentrations after 5, 10, 15, and 25 days
(Table 4.13) showed close growth response, indicating similar degradation.
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It can be suggested that some residues are still exist in soil and it was below the
phyto-toxicity levels of wheat. These results are in agreement with Zhang et al.,
(2004) who showed that both of acetochlor and methamidophos had acute toxic
effects on the growth of bacteria in agricultural black soil; .Growth of free-living
nitrogen fixing bacteria was inhibited badly by methamidophos, but stimulated greatly
by acetochlor.
Table 4.13 Initial and remaining acetochlor concentrations after 5, 10, 15, and
25 days of incubation with cyanobacterial mats in aquatic media
Acetochlor

Remaining and %Remaining

conc.

0.055

5days
R
%R
0.03
54.5

10 days
R
%R
0.02
36.3

15days
R
%R
0.02
36.3

R
0.01

0.110

0.01

9

0.00

0

0.00

0

0.01

9

0.220

0.02

9

0.01

4.5

0.02

9

0.01

4.5

0.440

0.14

31.8

0.04

9

0.05

11.3

0.05

11.3

0.880

0.40

45.4

0.07

7.9

0.07

7.9

0.02

2.2

(mg/kg soil)

25days
%R
18.1

4.4.8 Effect of cyanobacterial mats concentrations on acetochlor degradation
Effect of various concentrations of cyanobacterial mats suspension on the degradation
of acetochlor is shown in Table 4.14 and Figure 4.9. It is obvious that acetochlor
concentration which was not incubated with cyanobacterial mats suspension showed
very low growth of wheat whereas, acetochlor concentration incubated with various
concentrations of cyanobacterial mats suspension below 50 ml/pot (Figure 4.9)
showed nearly similar results of acetochlor biodegradation but the growth of wheat in
the control sample was a bit higher than that in those treatments. This indicated that
biodegradation not completed after incubation with cyanobacterial mats suspension
equal to or below to 50ml/pot.
Furthermore, incubation of acetochlor with cyanobacterial mats in amounts
above 50 ml per pot (Table 4.14 and Figure 4.9) showed almost complete degradation
of acetochlor as shown by growth of wheat. Statistical analysis of the data in Figure
4.9 showed significant differences among treatments. Above 50 ml cyanobacterial
mats suspension, the statistical analysis showed no significant differences between the
treatments. While those that contained cyanobacterial mat had significant differences.
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These results clearly suggest that the concentrations of cyanobacterial mats
suspension have a great role in the degradation of acetochlor. It can be suggested that
addition of high volume of cyanobacterial mat to acetochlor concentrations a various
bacterial community may be added and the biodegradation may be enhanced. The
results of this investigation agree with Zhang et al., (2011) who studied the
biodegradation of chloroacetamide herbicides by Paracoccus sp. FLY-8 in vitro and
that study highlighted an important potential use of strain FLY-8 for the in situ
bioremediation of chloroacetamide herbicides and their metabolite-contaminated
environment which may be found in cyanobacterial community collected from aquatic
environment.
Table 4.14 Influence of various concentrations of cyanobacterial mats on
biodegradation of acetochlor (0.44 mg/kg soil) after 20 days of incubation in
aquatic media
Acetochlor conc. (mg/kg soil)
+ cyanobacterial mats (ml)

%Growth

0.0
0.44+0ml
0.44+10ml
0.44+30ml
0.44+40ml
0.44+50ml
0.44+60ml
0.44 +80ml
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%Inhibition Growth

100

a

0.0

8.3

b

91.7

82.5

c

17.5

87.2

c

12.8

91.3

c

8.7

91.2

c

8.8

96.5

ac

3.5

102

ac

-2

120
100

% Growth

80
60

a
c

40

c

c

c

ac

ac

20

b

0
0

0.44+0ml 0.44+10ml 0.44+30ml 0.44+40ml 0.44+50ml 0.44+60ml

0.44
+80ml

Acetochlor conc. (0.44mg\kg soil) + cyanobacterial mats (ml)

Figure 4.9 Influence of various concentrations of cyanobacterial mats on
biodegradation of acetochlor (0.44 mg/kg soil) after 20 days of
incubation in aquatic media
Initial and remaining acetochlor concentrations after 20 days of incubation with
various concentrations of cyanobacterial mats are presented in Table 4.15. It can be
seen that the remaining concentrations of acetochlor with cyanobacterial mats is a
function with the concentration of cyanobacterial mats. This suggested that bacterial
concentrations have significant role in the biodegradation process.
Table 4.15 Initial and remaining acetochlor concentrations after 20 days of
incubation with various concentrations of cyanobacterial mats
Initial acetochlor conc. (mg/kg soil)

R

%R

0.44+0ml

0.44

100

0.44+10ml

0.13

29.5

0.44+30ml

0.09

20,5

0.44+40ml

0.06

13.6

0.44+50ml

0.07

15.9

0.44+60ml

0.03

6.8

0.44 +80ml

0.02

4.5

40

4.5 Biodegradation of diuron
4.5.1 Dose-response relationship of diuron
Dose–response relationship of diuron (Table 16 and Figure 4.10) indicated a linear
relationship at low concentrations and strong positive association, R2 = 0.93.
Accordingly, the linear regression equation was used to estimate the remaining diuron
concentrations in the soil samples after treatment with cyanobacterial mats.
Table 4.16 Dose response relationship of diuron and jew’s mallow growth
Diuron Conc.

% Growth

%Inhibition Growth

0.000

100

0.0

0.060

53.4

46.6

0.110

36.3

63.7

0.220

23.5

76.5

0.440

17.6

82.4

0.880

18.6

81.4

(mg/kg soil)

2

y = 0.2727x + 2.0381
2
R = 0.927

1.95

1.85

1.8

log % growth

1.9

1.75

1.7

1.65
-1.5

-1

-0.5

0

log conc

Figure 4.10 Dose response relationship of diuron and jew’s mallow growth
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4.5.2. Effect of diuron on jew’s mallow growth without incubation of
cyanobacterial mats
Effect of diuron on jew's mallow growth as a test plant is shown in Table 4.17 and
Figure 4.11. It is obvious that there were decreased in jew's mallow growth as diuron
concentrations increased in the soil. Furthermore, diuron concentrations higher than
0.055 mg/kg soil gave similar growth reduction of jew's mallow plants, indicating the
sensitivity of the test plant to diuron. A sharp drop in jew's mallow growth as diuron
concentrations increased in soil was obvious in Figure (4.11). Statistical analysis
indicated significant differences between the concentrations at level 0.05 which were
indicated by different letters in the columns.
Table 4.17 Effect of diuron on jew’s mallow growth without incubation of
cyanobacterial mats
Diuron conc. (mg/kg
soil)
0.000
0.055
0.110
0.220
0.440
0.880

% Growth

%Inhibition Growth

100

a

0.0

82.1

b

17.9

9.4

c

90.6

7.8

c

92.2

6.6

c

93.4

6.1

c

93.9

120

% Growth

100
80
60

a
b

40
20

c

c

c

0.22

0.44

c

0
0

0.055

0.11

0.88

Diuron conc. mg/kg soil

Figure 4.11 Effect of diuron on jew’s mallow growth without incubation of
cyanobacterial mats
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4.5.3 Influence of cyanobacterial mats on biodegradation of diuron
Influence of cyanobacterial mats on degradation of diuron is shown in Table 4.18 and
Figure 4.12.
Table 4.18 Effect of diuron on jew’s mallow growth after incubation with
cyanobacterial mats in soil for 20 days
Diuron conc. (mg/kg
soil)

%Growth

0.000
0.055
0.110
0.220
0.440
0.880

%Inhibition Growth

100

a

0.0

97.3

a

2.7

88.1

b

11.9

74.4

c

25.6

1.9

d

98.1

1.9

d

98.1

120

% Growth

100
80
60
a
40

a

b

20

c

d

d

0
0

0.055

0.11

0.22

0.44

0.88

Diuron conc. mg/kg

Figure 4.12 Effect of diuron on jew’s mallow growth after incubation with
cyanobacterial mats for 20 days

It is obvious (Table 4.18, Figure 4.12) that considerable degradation in diuron
concentrations below 0.22 mg/kg soil were observed regardless to the statistical
variations. However, above 0.22 mg/kg soil no degradation was observed. Percent
growth of jew's mallow in response to diuron incubated with cyanobacterial mats for
20 days indicated normal growth at low diuron concentration (0.055 mg/kg) Figure
(4.12). At higher diuron concentrations (0.11 and 0.22 mg/kg soil) degradation by
cyanobacterial mats continued as shown by larger growth percent of jew's mallow
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plant. At concentrations 0.44, 0.88 mg/kg soil diuron showed sharp reduction in plant
growth indicating low degradation of diuron. The explanation of these results is that
diuron may be a toxic agent to the cyanobacterial mat. These found results agreed
with Ma et al., (2001) who found acute toxicity of herbicides including diuron to
green algae.
Table 4.19 Initial and remaining concentrations of diuron mg/kg soil after
incubation with cyanobacterial mats for 20 days
Diuron Conc. (mg/kg soil)

R

%R

0.055

0.001

1.8

0.110

0.11

100

0.220

0.20

90.9

0.440

0.43

97.7

0.880

0.57

64.7

Furthermore, the initial and remaining concentrations of diuron were shown in Table
4.19. It is obvious that the remaining concentrations of diuron were high at high initial
concentrations and low at low initial concentrations, This is maybe due to high
fraction of degradation, these results agree with the data in Figure 4.12.
4.5.4 Kinetics of diuron Biodegradation
Effect of different incubation periods of diuron and cyanobacterial mats on the
degradation process are shown in Table 4.20 and Figures 4.13a and 4.13b.
Table 4.20 Effect of diuron on jew’s mallow growth after incubation with
cyanobacterial mats for different days

Diuron
conc.

1 day

1 day

5 days

%G

%IG

%G

% Growth and %Inhibition Growth
5 days 15 days 15 days 20 days
%IG

%G

%IG

%G

20days

25 days

25 days

%IG

%G

%IG

(mg/kg soil)
0.000

100

a

0.0

100

a

0.0

100

a

0.0

100

a

0.0

100

a

0.0

0.055

27.7

b

72.3

48.1

b

51.9

57.7

b

42.3

61.5

b

38.5

68.1

b

31.9

0.110

28.1

b

71.9

42

58

40.9

b

59.1

35.7

c

64.3

47.4

b

52.6

0.220

33.5

b

66.5

39.7

b

60.3

18

82

35.6

c

64.4

29.1

b

70.9

0.440

29.6

b

70.4

48.3

b

51.7

20.4

c

79.6

27.8

c

72.2

32.3

b

67.7

0.880

22.8

c

77.2

42.4

b

57.6

21.3

c

78.7

28.3

c

71.7

17.9

c

82.1

b

c
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60
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b

b

b

c

% Growth

0

120
100

5 days

80
60
40

a
b

b

b

0.11

0.22

20

b

b

0.44

0.88

0
0

0.55

Diuron conc. mg/kg soil

Figure 4.13a Biodegradation of diuron after 1 and 5 days of incubation with
cyanobacterial mats in liquid media
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25 days

100
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0.11

0.22

0.44

0.88

Diuron conc. mg/kg soil

Figure 4.13b Biodegradation of diuron after 15, 20 and 25 days of incubation
with cyanobacterial mats in liquid media
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Degradation of diuron due to incubation with cyanobacterial mats indicates that the
process did not go so fast and no complete degradation was observed as seen by
growth reduction of Jew’s mallow plant. However, after one day of incubation little
growth of jew's mallow plant was observed indicating that diuron was still active in
soil. After 5 days of incubation small amount of diuron was degraded as seen by
increasing the growth of jew's mallow. Further degradation was also observed after 15
and 25 days but no complete degradation was observed. In contrast degradation of
acetochlor was nearly completed after 25 days of incubation. These results suggest
that diuron is a toxic agent to cyanobacterial mats at high concentrations whereas at
low concentrations bacterial mats were able to adapt themselves and survive by
degrading diuron. Statistical analysis of the data in Figures 4.13a and 4.13b indicates
significant difference among concentrations for any incubation time. Columns have
the same letter at any incubation time are not significantly different at =0.05.
Ma el al., 2001 compared between the acute toxicity of acetochlor and diuron and
indicated that the effective concentration required to kill 50% of green algae (EC50)
for diuron was 1.3 X10-3 mg/L, whereas for acetochlor was 6.76 mg/l . The low value
of diuron indicates that it is several times more toxic to green algae than acetochlor,
which agree with the presented results. Due to this high toxicity of diuron to green
algae which is a component of cyanobacterial mats, complete degradation was not
observed. In addition the tested diuron concentrations were several times higher than
the acute toxicity of green algae.
The initial and remaining concentrations of diuron were presented in Table 4.21. It
can be seen that there was an increase in degradation by time. These results suggested
that the degradation is a slowly process. Furthermore the lower degradation at 5 days
may be explained by the fact that the biodegradation metabolites have similar toxicity
to those of the parent compounds. This may stand behind the growth reduction after 5
days. The present results agreed with Ma et al., (2001) who found similar toxicity of
diuron and its metabolites.

47

Table 4.21 Initial and remaining concentrations of diuron after various periods
of incubation with cyanobacterial mats
Diuron

1day

5days

15days

20days

25days

(mg/kg
R

%R

R

%R

R

%R

R

%R

R

%R

0.055

0.02

36.3

0.02

36.3

0.03

54.5

0.02

36.3

0.02

36.3

0.110

0.08

72.7

0.10

90

0.11

100

0.08

72.7

0.10

90.9

0.220

0.16

72.7

0.11

50

0.15

68.1

0.16

72.7

0.11

50

0.440

0.21

47.7

0.26

59

0.31

70.4

0.21

47.7

0.26

59

0.880

0.28

31.8

0.29

32.9

0.30

34

0.28

31.8

0.29

32.9

soil)

Despite the discrepancy of some results in Table 4.21, it is obvious that there were a
gradient of degradation regardless to the fact that it was not completed. However, the
tested concentrations 0.11-0.88 mg/kg soil was several times higher than the effective
concentration which was required for killing 50% green algae (Ma et al, 2001)

4.5.5 Effect of light or hydrolysis on degradation of diuron
Effect of light or hydrolysis on degradation of diuron is presented in Table 4.22 and
Figure 4.14. It is clear that responses of jew's mallow plants to various concentrations
of diuron after 20 days of exposure to light without cyanobacterial mats indicate high
percent of growth reduction. These results indicated that diuron was stable against
hydrolysis or photochemical degradation. An interesting outcome of the data in figure
4.14 was that the stability of diuron occurred under light or aquatic hydrolysis.
Table 4.22 Effect of diuron on jew’s mellow growth after 20 days of exposure to
light without cyanobacterial mats
Diuron conc. (mg/kg soil)

% Growth

0.000

100

0.055
0.110
0.220
0.440
0.880

32

a

b

%Inhibition Growth
0.0
68

31.8

b

68.2

20.9

c

79.1

24.3

c

75.7

27.5

c

72.5
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100
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70
60
50

a

40
30

b

20

b

c

c

c

0.11

0.22

0.44

0.88

10
0
0.00

0.06

Diuron conc. mg/kg soil

Figure 4.14 Effect of diuron on jew’s mellow growth after 20 days of exposure
to light without cyanobacterial mats
Comparison of the data in Figure 4.11 and Figure 4.14 indicated that growth reduction
in Figure 4.11 was higher than in Figure 4.14. This indicates that diuron slightly
undergone photochemical degradation as shown by increased growth percent.
Nevertheless, the data in Figure 4.14 and the estimated remaining concentrations of
diuron (Table 4.23) indicated the stability of diuron against photochemical
degradation.
Table 4.23 Initial and remaining concentrations of diuron after 20 days of
exposure to light without cyanobacterial mats
Diuron conc. mg/kg

R

%R

0.055

0.045

81.8

0.110

0.10

90.9

0.220

0.19

86.3

0.440

0.26

59

0.880

0.32

36.3
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Chapter 5
Conclusion, Recommendation, and Obstacles
5.1 Conclusion
Biodegradation approach includes:
1.

Collecting cyanobacterial mats from Wadi Gaza and incubating it with soil at
a saturation level and/or in liquid media for adaptation.

2.

Incubation of cyanobacterial mats with acetochlor and diuron herbicides in
liquid media at laboratory condition.

3.

Biodegradation of acetochlor and diuron were successfully occurred by
cyanobacterial mats at low concentrations.

4.

Kinetic studies indicated that acetochlor fully degraded after 25 days in liquid
media while diuron did not completely degrade due to possible acute toxicity
at high concentrations. Kinetic studies for diuron indicated considerable
degradation levels.

5.

Biodegradation of both herbicides was very fast at low concentrations and
more pronounced at liquid media than at soil media.

6.

Kinetics studies indicated that acetochlor concentrations disappeared from the
liquid media after 25 days of incubation with cyanobacterial mats whereas
diuron existed even after 25 days of incubation. These concluding remarks
suggested that acetochlor can easily be degraded by cyanobacterial mats and
diuron can be toxic to cyanobacterial mats at the high tested concentrations.

7.

It can be concluded that application of cyanobacterial mats to soil containing
various concentrations of acetochlor and low concentrations of diuron could
be degraded by cyanobacterial mats within a period of time equivalent to 30
days.

8.

These encouraging and promising results illustrated that cyanobacterial mats
can be used for bioreduction of soil and/or water pollution by herbicides.
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5.2 Recommendations
1. Further research on other herbicides biodegradation by cyanobacterial mats.
2. Further research on quantity of herbicides biodegradation by cyanobacterial
mats.
3. Further research on kinetic of herbicides biodegradation by cyanobacterial
mats.
4. Further research on isolation and identification of cyanobacterial mats to know
the efficient species for herbicides biodegradation.

5.3 Obstacles
1. Chemical analysis was not possible in Gaza Strip due to absence of High
Performance Liquid Chromatography (HPLC) and/ or Gas Chromatography
(GC).
2. Difficulties in collections and breeding of cyanobacterial mats in the
laboratory.
3. Difficulties in field application of cyanobacterial mats to soil for remediation
of pollution.
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