Research Article

iMedPub Journals

http://www.imedpub.com

DOI: 10.21767/2394-9988.100053

Effects of Bromacil, Malathion and
Thiabendazole on Cyanobacteria Mat Growth

Abstract

Application of pesticides creates many environmental problems and exposes the
non-target organisms to health risks. This study aimed to determine the effects
of Bromacil, Thiabendazole, and Malathion to cyanobacterial mats growth.
Effects were measured as population growth reduction and metabolic activity
changes. Cyanobacteria mats showed four growth phases under laboratory
condition indicating adaptation and normal growth. Significant growth reduction
in treatments containing Bromacil and Thiabendazole were observed, whereas
treatments containing Malathion showed increased population growth to
cyanobacteria. Ammonium production was severely reduced in treatments
containing Bromacil and Thiabendazole, whereas treatment containing Malathion
had no effect on ammonium production. Mixtures containing Malathion showed
antagonistic effect, whereas mixtures containing Bromacil and Thiabendazole
showed increased effect on Electric Conductivity (EC) reduction and pH changes.
We concluded that Bromacil and Thiabendazole strongly affect cyanobacterial
mats growth; therefore, the ecosystem should be free from them to avoid damage
to the cyanobacterial mats.
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Introduction

Cyanobacteria are important organisms in the ecosystems. They
produce oxygen [1], organic nitrogen [2], and remove pollutants
[3-5]. However, they are non-target organisms, unicellular and
typically found in mats. Pesticides may severely damage the
population growth and structure of cyanobacterial mats that
resulted in disturbance of photosynthetic activity and protein
production in the ecosystems.

Cyanobacterial mats may be exposed directly to pesticides or
indirectly throughout their metabolites. So far, it has been shown
that pesticides reach cyanobacterial mats through waste water
[6,7].

Application of pesticides resulted in food contaminations [8],
hazards human life [9-12], and other organisms [13] that are not
being targeted. Mixtures of pesticides may produce or reduce
the effect than the single compound. This phenomenon can be
referred as additive synergistic or antagonistic effects [14]. The
harmful effects of pollutants on aquatic organisms [15-17] have
been studied.

Several articles tested the responses of cyanobacterial mats to
pesticide concentration in single form [7,18,19] or mixed form
[20,21] Bromacil, Malathion, and Thiabendazole are herbicide,
insecticide, and fungicide respectively. They are widely used in
Gaza Strip, Palestine, for indoor and outdoor pest management
and their applications created many environmental problems.
Several authors revealed their toxicity to fish (EI-Nahhal et
al., 2015, Hams 2015), but the information about their effects
on aquatic organisms, especially cyanobacteria is limited. We
designed this work to test the responses of cyanobacteria to
Bromacil, Malathion and Thiabendazole in single and mixed
forms. The current study used biological and chemical methods
to determine the effects of Bromacil, Thiabendazole, and
Malathion.

Materials and Methods

Bromacil, purity 99.7%, purity 99.2%, purchased from Novartis
and Malathion was supplied by the Ministry of Agriculture in
Gaza, Palestine. Physical and chemical properties are shown in
Table 1. Chemical structures are shown in Figure 1. Bromacil,
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Thiabendazole and Malathion were dissolved separately (29.76
mg) in 1000 ml distilled water and used as stock solution. The
following concentration ranges (0-5.8 mg L) were prepared and
tested.

Collection and laboratory culturing of
cyanobacteria

All cyanobacterial mat samples were collected and prepared
for the experimental work as described by EI-Nahhal et al. [7]
The collected cyanobacteria were exposed to direct sunlight
for several weeks before testing to insure adaptation to the lab
condition and to evaluate the growth phases. Population growth
of the cyanobacteria was measured by monitoring the optical
density of growth solution using a spectrophotometer at a wave
length of 680 nm. Growth phases of cyanobacterial mats were
monitored in the lab 60 watt tungsten lamps using a 12-light: 12-
dark cycle [7] during incubation periods ranged from 0-192 hrs.
Average of total dissolved salts was 3337 + 238 and pH value was
8.53+0.38.

Preparation of cyanobacterial mats stock
suspension

Stock suspension of cyanobacterial mats was prepared as
previously described [22-24].

Responses of cyanobacterial mats to the tested
compounds

Responses of cyanobacterial mats to different concentrations of
Bromacil, Malathion and Thiabendazole on cyanobacterial mats
were estimated as population growth. In these tests, the effects
of five concentrations in the range of 0-29.76 mg L were tested.
In this procedure, 1 ml of stock suspension of cyanobacterial
mats were added to the above-mentioned concentrations to
reach a volume of 25 ml using Erlenmeyer flasks under gentle
shaking to insure normal distribution of cells. Percentage of
growth was determined by recording the optical density, and
then percentage growth inhibition was determined according to
El-Nahhal et al. [24].

Effects of Tested Compounds on the
Metabolic Activity of Cyanobacteria

Effects on electric conductivity, pH, dissolved
oxygen
Effects of the tested compounds on the Electrical Conductivity

(EC) of the growth media were measured using a digital electronic
device (model, manufacturer, UK). Using El-Nahhal et al. [24]

Table 1: Physicochemical properties of the tested compounds (these
data are collected from Tomlin 2000).

Solubility in Hen
Name water m‘g, Lt Kow l08P const;‘rln pka
Bromacil 807-1283 1.88 = 9.27
Thiabendazole 30-160 2.39 2.78% 107-8 4.79
Malathion 145 2.75 - -
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Figure 1 Chemical structures of the tested compounds.
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with a slight modification, %EC reduction was determined and
regressed over concentrations to determine the concentration
required to cause 50% inhibition.

Dissolved Oxygen (DO) values were also determined using a DO
meter. Using EI-Nahhal et al. [24], DO% reduction was determined
and regressed versus concentration to obtain the required
concentration that led to 50% reduction of DO production.
Similarly, pH values were determined using a digital pH-meter.
El-Nahhal et al. [24] was used to determine % reduction.

Fresh biomass of cyanobacterial mat was collected by centrifuging
10 ml bacterial suspension at 10,000 g for 25 min. The supernatant
was removed and tubes were air dried. The weight of the tube
plus cyanobacterial mat was determined. Knowing the weight of
the tube before and after the experiment, the determination of
bacterial weight using EI-Nahhal et al. [24] enabled calculation of
biomass reduction.

Effects of binary mixtures

Solutions of Bromacil, Thiabendazole and Malathion were
prepared and mixed together to form binary mixtures having
ratios 1:1 (v/v). The above-mentioned concentration range was
prepared and tested.

Effects on ammonium production

Based on Nessler method and El-Nahhal et al. [25] modification,
concentrations of ammonium hydroxide in the growth media
of cyanobacterial mats were determined by adding appropriate
amount of Nessler Reagent (K,Hgl,) to 50 ml of growth media and
allowing the reagent to react with the ammonia present in the
sample (under strongly alkaline conditions) to produce a yellow-
colored species. A series of standard solutions of ammonium
hydroxide in the range of 1-5 ppm were prepared and allowed to
react with Nessler reagent (K,Hgl,) in alkali media to form yellow
color measured at 420 nm. The intensity of the color indicates
the concentrations of ammonium hydroxide in the growth media.
The linear regression equation between the optical density at 420
nm and the standard concentrations was used to determine the
concentrations of all unknown samples of ammonium hydroxide.

Effects of Chemical Mixtures (ECM)

Effects of chemical mixtures were calculated by Hermens et al.
[26] equation with slight modification. Accordingly, based on the
ECM value, the mixture toxicity can be subdivided into 4 groups:

2 This article is available in: http://www.imedpub.com/applied-science-research-and-review/
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Antagonistic effect (ECM<0), no addition effect (ECM=0), partial
addition effect (0<ECM<1) and concentration addition effect
(ECM 2 1).

Statistical analysis

Each experiment consists of five replicates. Averages and standard
deviations of the growth was determined and used to determine
% growth inhibition. T-test was used to detect differences among
treatments.

Results

Growth phases of cyanobacterial mats under lab
condition

Growth phases of cyanobacterial mats under lab conditions
showed four phases, which are as follows: Lag phase, log phase,
stationary phase and decay phase.

Single Test
Effects on population growth

Effects of Bromacil, Thiabendazole and Malathion on
cyanobacterial mats growth are shown in Figure 2. It is clear that
Bromacil and Thiabendazole have a strong positive association
between the tested concentrations and growth inhibition
of cyanobacterial mats, whereas Malathion has a negative
association coefficient.

The effects of these compounds can be visualized in Photo 1.
The normal growth of bacteria can be seen in the green color
in the control samples (CO) and reduction in the color occurred
gradually to become clear solutions at C5 and C6, the highest
tested concentrations.

Effects on Metabolic Activities of

Cyanobacterial Mats

Effects on the Electric Conductivity (EC) of the
growth media

Effects of the tested compounds on the EC of growth media are
presented in Figure 3. It can be seen that EC% reduction is greater
as the concentrations of Bromacil and Thiabendazole increased.
Bromacil has stronger effects than Thiabendazole, which showed
low inhibition. Malathion did not show growth inhibition.

Effects on the pH value of the growth media

Influence of the tested compounds on the pH values of
cyanobacterial mats growth media are shown in Table 1.
Bromacil and Thiabendazole reduced the pH value of the growth
media below that of the control sample. Treatments containing
Malathion increased the pH values higher than the control
sample.

Effects on Dissolve Oxygen (DO)

This experiment is based on measuring the increase of dissolved
oxygen in the growth media of cyanobacterial mats. Results

© Under License of Creative Commons Attribution 3.0 License
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are presented in Figure 4. Treatments containing Bromacil or
Thiabendazole reduced the dissolved oxygen content by 25 and
15% respectively as compared with the control sample, whereas
treatments containing Malathion did not reduce the dissolved
oxygen.

Binary Test

Effect of binary mixture

Effect of binary mixtures on population growth, EC and pH of
growth media are shown in Figures 5 and 6.

Binary mixtures reduced percentage growth inhibition of
cyanobacterial mats (Figure 5), increased EC% reduction (Figure
6) and elevated pH value (Table 1) of growth media above the
control sample in mixtures containing Malathion.

Effects on ammonium hydroxide production in
the growth media

Influence of the tested compounds on ammonium concentrations
are shown in Table 2. Ammonium concentrations in the growth
media were reduced due to Bromacil and Thiabendazole
treatment lower than the control treatment. Malathion
treatment enhanced ammonium concentrations above that of
the control sample indicating growth of cyanobacterial mats.

The effective concentration of each compound (EC_ ) required
to reduce 50% of cyanobacterial mat growth is presented in
Table 2. It is observed that Thiabendazole had the lowest EC_
value (1.79 mg L") indicating higher toxicity than Bromacil (EC_,
value of 12.36). Moreover, mixtures not containing Malathion
(Thiabendazole+Bromacil) had a lower EC, value (5.06 mg L™) as
compared to those containing Malathion (Bromacil+Malathion)
that had a higher EC_ value (13.14 mg L*). Furthermore, R? values
associated with the analysis were in the range of 0.8123-0.9767
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Figure3 Effect of the tested compounds on the EC of the growth
media of cyanobacterial mats. Statistical analysis did
not detect significant differences between Bromacil and
Thiabendazole p-value=0.345. Significant differences
were detected with Malathion p-values were 0.013 and

0.022. j

N

ISSN 2394-9988 Vol.4No. 1:2

~

30 A
25 4
20 i 5
£ 151 -
2 0 A ¢ Bromacil
E & W Thiabendazol
o 51 Malathion
2
e 0 \
20
-5
-10
-15
20 -~
Conc mg/l
Figure 4 Effect of the tested compounds on the dissolved oxygen
K production by cyanobacterial mats. j
80.00 A
70.00 A
@
£ 60.00 A
k= ®
i 50.00 -
E ¢ =
= 4000 1
z
£ 30.00 -
© .
2 20.00 - # Thia + Broml
M Thia+ Mal
10.00 -
Brom + Mal
0.00 & T T T ]
0 5 10 15 20
Conc mg/l
Figure 5 Effects of mixtures of the tested compounds on the
growth of cyanobacterial mats. Statistical analysis
showed significant difference between mixtures that did
not contain Malathion and those containing Malathion:
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p-values: 0.321, 0.177 and 0.271 indicating no significant
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indicating a strong positive association. So far, Bromacil and/or
Thiabendazole did generate 100% growth inhibition at 96 h. This
may be due to ionization potential of the compound (Table 1).

In mixture tests, the concentrations of particular pesticides were
half their values in the corresponding individual tests, but mixing
Bromacil and Thiabendazole produced growth inhibition similar
to two fold concentrations of the individual test. This indicates
that mixing Bromacil and Thiabendazole produced additive
effects [26].

Discussion

The tested compounds Bromacil, Thiabendazole and Malathion
are pesticides widely used to control weed, fungi and insects.
They belong to different chemical groups and have different
modes of action [27]. Their chemical structures and physico-
chemical properties Table 1 showed considerable solubility in
water with possible ionization due to pKa values. They also have
different hydrophobicity due to variation in K Log P. These
properties enable the compounds to have different fates in
the ecosystem. Whenever, they are present as mixtures some
chemical or physico-chemical modifications may occur and
enable two molecules to behave as a single large one [28].

Growth phases of cyanobacterial mat under lab
condition

Growth of cyanobacterial mats under lab conditions showed
four growth phases during 150 hour (h) (data not shown). These
results agree with the previous studies [7,22]. So far, adaptation
phase (lag phase) lasting in 24 h followed exponential growth (log
phase) lasting up to 72 h, then a stationary phase up to 100 h
followed by a sharp decay up to 150 h. This indicates that the life
cycle is too short and the bacteria can start new growth phases.
The diversity of cyanobacterial mats in the collected samples
may undergo community changes due to different laboratory
conditions.

Effects on population growth

Responses of cyanobacterial mats to Bromacil and Thiabendazole
concentrations (Figure 2) clearly show a strong positive association
between the tested concentrations and growth inhibition of
cyanobacterial mats, whereas effect of Malathion has a negative
association coefficient. These data suggest that Bromacil and
Thiabendazole have a direct effect on cyanobacterial mats,
whereas Malathion has no effect.

Moreover, Percent Growth Inhibition (GI%) of cyanobacterial
mats increased linearly as concentration of Bromacil and
Thiabendazole increased in the growth media up to 7.4 mg L.
The explanation is that cyanobacterial mats have a diversity of
sensitive and tolerant species. The sensitive one cannot survive
at concentrations equal or below 7.4 mg L?, whereas the tolerant
species can survive at high concentrations. This explanation agrees
with recent results [24], which reported on similar observations
with different organisms. In contrast, increased concentrations
of Malathion showed negative values of GI%. These data indicate
that Malathion did not inhibit cyanobacterial mat growth. The

© Under License of Creative Commons Attribution 3.0 License
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explanation of these results is that cyanobacterial mats degrade
Malathion molecules to non-toxic fragments and use them as
a source of energy. These results agree [4,5], which reported
the derivative ability of cyanobacterial mats for Acetochlor
and Diuron. Further support to our results is in Singh et al. [29]
report that stated higher levels of Malathion degradation in soil
due to a mixed culture of three bacterial strains. In contrast,
Ibrahim et al. [30] investigated the growth of three strains
of filamentous cyanobacteria under different concentrations
of Malathion and found a sharp decrease in the growth of
filamentous cyanobacterial by increasing the concentration of
Malathion. These variations are due to community structure of
cyanobacterial mats and/or the temperature, intensity of light
and/or relative humidity in laboratory. Statistical analysis showed
significant variations (p-values 0.001-0.0014).

A green color in the control samples (CO) (Photo 1) and reduction
in the color occurred gradually to become clear solutions at C5
and C6, the highest tested concentrations.

Effects on the Electric Conductivity (EC) of the
growth media

The data in Figure 3 clearly show that EC% reduction is greater
as the concentrations of Bromacil and Thiabendazole increased
in the growth media. EC% reduction was more pronounced
in the case of Bromacil and reached about 25%, whereas the
same concentration of Thiabendazole did not exceed 10%. For
Malathion, a negative value was obtained indicating no inhibition.
However, for all cases a strong positive association between
the tested concentrations and EC% reduction was observed. R?
values were above 0.96.

Long-term effects (data not shown) of tested compounds on
the EC of growth media of cyanobacterial after 96 h did not
show significant differences between this and previous results
(Figure 3). EC% reduction was more pronounced in the case of
Thiabendazole than Bromacil and reached about 63%. In case
of Malathion, % inhibition had a negative value indicating no
inhibition of the EC of the growth media (p-values=0.006 and
0.043). The explanation is during the growth of cyanobacterial
mats many metabolic reactions are involved that are responsible
for the production of ionic metabolites. It is well established
in the literature that the electrical conductivity of solutions
depends upon the concentrations and mobility of charged
particles of varying sizes. A culture medium in which bacteria are
living and dying is a heterogeneous system, the composition and
complexity of which are constantly changing.

Our results are in line with Owens et al.; Parsons and Sturges
[31,32], which revealed a definite correlation between
conductivity and the amount of ammonia and amino nitrogen
produced by Putrefactive anaerobes. However, Parsons and
Sturges [32] concluded that the increase in conductivity of
cultures of Putrefactive anaerobes accounted by the increase in
concentration of ammonium salts.

These data suggest that the tested compound have a rapid effect
on electric conductivity reduction and no progressive effect
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was obtained at the same concentration. The explanation is
similar to those given above, apart from the fact that the tested
compounds may block the release of ionic fragments throughout
the cytoplasm membrane of cyanobacterial cells and result in
a reduction of ionic fragments in the growth media. Statistical
analysis revealed significant differences.

Effects on the pH value of the growth media

So far, treatments containing gradient concentrations of Bromacil
and Thiabendazole reduced the pH value of the growth media
below that of the control sample, whereas treatments containing
Malathion increased pH values above that of the control sample
Table 2. These data indicated pH reduction of the growth media
from alkaline value of 8.39 £+ 0.16 or 8.28 + 0.39 to a more neutral
of 7.21 + 0.44 and 7.25 £ 0.14 for the case of Bromacil and
Thiabendazole respectively, whereas the pH values for the case
of Malathion tend to increase from 8.3 £ 0.24 to a more alkaline
pH range as the tested concentration increased and reached to
8.75 £ 0.11. The explanation is that Bromacil and Thiabendazole
reduced the growth of cyanobacterial mats. Under this condition,
the production of alkaline fragments (e.g. ammonia) is reduced.
Accordingly, adrop of pH value of the growth media was observed.
In addition, atmospheric CO, may react with the growth media
and form weak carbonic acid that result in further drop of the
pH value of growth media. This is in agreement with EI-Nahhal
[33] who revealed that the acidity of certain solutions resulted
from CO, reaction with water system. Moreover, the rise in pH
values, as in case of Malathion, resulted from the normal growth
of cyanobacteria and production of ammonia that reacted with
the growth media and formed ammonium hydroxide Figure 2.
Our explanation agrees with Allison et al. [34] who revealed that
the alkaline reaction in the growth media of bacteria is due in
part to ammonia production. Further support to our discussion
is provided by the data (determination of ammonium) presented
in Table 3. Most cyanobacteria have optimum growth between
pH 7.5 and about 10. The changes obtained in the pH of the
growth media due to addition of the tested compounds are still
in the optimum pH value of cyanobacterial mat growth [35]. It
can be concluded that the pH changes were more pronounced
in Bromacil and Thiabendazole than for Malathion. It may be
suggested that cyanobacterial mats are totally suppressed with
acidic media below pH 4.

ISSN 2394-9988 Vol.4No. 1:2

Effects on Dissolve Oxygen (DO)

Effects of the tested compounds on the dissolved oxygen
production by cyanobacterial mats indicate linear relationships
of DO% reduction due to increase of Bromacil and Thiabendazole
concentrations in the growth media (Figure 4). The regression
coefficients R? (0.98). So far, DO% reduction did not exceed 30%
in both cases. The explanation is that Bromacil and Thiabendazole
reduced the photosynthetic activity as shown in population
growth reduction, and thus the reduction of cyanobacterial
mat growth consequently reduced the production of oxygen
(Figure 3). Moreover, it has been reported that Bromacil
is a photosynthetic electron transport inhibitor, whereas
Thiabendazole inhibits mitosis of cells [27]. Furthermore, the
low observed DO% reduction in both cases is due to the fact that
the experimental tests were done under atmospheric conditions
(full aeration) where full oxygen exchange with growth media of
the tested concentration may take place. Accordingly, there is an
auto-atmospheric compensation of oxygen in the experimental
vessel, and consequently, low DO% reduction values were
obtained during the experimental work. It appears that Malathion
decreased the DO% reduction and made it a negative value.
Moreover, the negative value increased linearly with Malathion
concentration. The regression coefficient (0.98) indicates strong
positive association. Despite the high value of R?, Malathion
has weak effects on %DO reduction. These results agree with
Tomlin [27] which revealed that Malathion is a cholinesterase
inhibitor activated by metabolic oxidative desulfuration to the
corresponding oxon. Moreover, these results are in agreement
with Figures 3 and 4.

Long-term effects of the tested compound on DO% reduction
(data not shown) had no significant effects from the acute
toxicity test. The explanation of these results is that the dead
cyanobacterial mats tend to be degraded in the growth media by
anaerobic bacteria. This reaction consumes the dissolved oxygen
in the growth media and accordingly a reduction in DO% values
was observed. These results agree with EI-Nahhal et al. [25] who
found elevated BOD values of aqueous solutions containing
sludge samples.

Effect of binary mixture

Effects of mixtures on the growth of cyanobacterial mats
indicated that mixtures containing Malathion generated

Table 2: Individual and mixture effect of Bromacil, Thiabendazole and Malathion as pH changes.

Individual effect

Mixture effect

Thiabendazole+

Conc. mgL-1 Bromacil Thiabendazole Malathion Thiabendaole+Bromacil Malathion Bromacil+Malathion
0.0 8.39+0.16 8.28+0.39 8.30+0.24 0.0 8.69 + 0.04 8.64 +0.01 8.73+0.04
1.5 8.23+0.62 7.95+0.24 8.57 £ 0.08 1.5 8.78 £0.01 8.65+0.01 8.69 + 0.02
3.0 8.17+0.11 7.84%0.22 8.66 +0.11 3.0 8.76 £ 0.05 8.67 +£0.01 8.68 + 0.02
4.5 7.74+0.60 7.76 £0.01 8.55 + 0.02 4.5 8.76 £ 0.03 8.61 +0.02 8.72£0.04
6.0 7.58+0.04 7.55+0.13 8.65 + 0.15 6.0 8.79 £ 0.05 8.66 + 0.04 8.69+0.01
7.4 7.57+0.06 7.45+0.29 8.76 £ 0.13 7.4 8.79 £ 0.02 8.63+0.03 8.68 + 0.02
14.8 7.21+0.44 7.25%0.13 8.75+0.11 14.8 8.72 £ 0.05 8.62 +0.01 8.74 £ 0.02

6 This article is available in: http://www.imedpub.com/applied-science-research-and-review/
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Table 3: EC  regression values of the tested compounds on
cyanobacterial mats.

Effective

concentration EC_

Bromacil 12.36 0.9767
Thiabendazole 1.79 0.9163
Malathion no toxicity 0.8123
Thiabendazole +Bromacil 5.06 0.9006
Bromacil+Malathion 13.14 0.8666
Thiabendazole+Malathion Not detected Nd

antagonistic effects and reduction in the EC_ values were
observed Figure 5. The explanation of these results is that the
differences in chemical structure Figure 1, physico-chemical
properties Table 1 and in mode of action [27] may enable the
pesticide molecules to rearrange themselves to form larger
organic molecules that pose a hindrance on the bioactive site.
Accordingly, lower interaction with the active site may occur and
consequently a reduction in the negative effect was observed.
This explanation agrees with EI-Nahhal and Safi [28] who found
reduced interaction on the adsorption sites on the clay surfaces
when two molecules of different chemical structures were mixed
together. Further support of our discussion comes from EI-Nahhal
et al. [7] who found antagonistic effects of tertiary mixtures of
herbicides containing Diuron 0.25: Diquat 0.50: Terbutryn 0.25.
In contrast, the data in Figure 6 show further reduction of EC%
due to mixture effects in all cases. This suggests a synergistic
effect on bacterial metabolic activities. The explanation is that
each molecule reacts independently with the active site and
produces cumulative effects. Furthermore, it can be suggested
that the organic molecules that are available for metabolic
reaction by bacteria become unavailable for metabolic reaction
due to possible interaction with the pesticide molecules. Under
this condition, the production of ionic parts is severely restricted,
and accordingly, an increase in EC% reduction was observed.
Moreover, damage to cyanobacterial mat tissues/cells may result
in loss of selective permeability of cell membranes. Accordingly,
movement of certain ions from cells to the growth media and
vice versa is restricted i.e., the electrical conductivity is reduced.
It can be summarized that mixtures containing Malathion showed
antagonistic effects on EC% reduction.

The data in Table 2 show the influence on pH values. In mixtures
not containing Malathion, an increase in pH values above
that of the control sample was observed, whereas in mixtures
containing Malathion, the changes in pH values were very
narrow. These results indicate antagonistic effects in the above
case. The explanation is similar to that given above. Moreover,
it can be pointed out that the tested concentrations in the
mixtures contained half concentrations of the individual test.
Consequently, they may create half or less than half of the effectin
the individual test. In addition, Malathion may act as a solubilizing
material for Bromacil or Thiabendazole as previously seen with
Benzyltrimethyl Ammonium Chloride and Phenanthrene [28],
consequently, low effect or no effect may appear. Similar effects
were found by El-Nahhal et al. [17] who revealed that mixing

© Under License of Creative Commons Attribution 3.0 License
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Diuron and Chlorpyrifos generated antagonistic effects.

It can be concluded that mixtures not containing Malathion
showed synergistic effects on pH changes, whereas antagonistic
effects were observed in mixtures which contained Malathion.

Effects on ammonium hydroxide production in
the growth media

The data in Table 4 clearly show decreased ammonium
hydroxide concentration as the concentrations of Bromacil
and Thiabendazole increased in the growth media, whereas
the concentration increased in the growth media containing
Malathion. These results are in accord with % Growth Inhibition
of cyanobacteria Figure 2, % EC reduction Figure 3, % DO
reduction Figure 4, and effects of tested compounds on pH
value of the growth media Table 2. The explanation of these
results is that cyanobacterial mats have variety of species that
can produce ammonium hydroxide through biodegradation
processes of nitrogen containing compounds such as proteins
and it derivatives. Our explanation is supported by the results
of Vince et al. who revealed that bacteria produced ammonia
from proteins and their derivatives by several processes such as
proteolysis, peptide degradation, deamination and deamidation,
which varies with type of bacterium, nutritional status, and
growth phase [36,37].

Effects of chemical mixtures

EC,, values presented in Table 2 showed that Thiabendazole had
the lowest EC, value (1.79 mg L*) indicating higher effect than
Bromacil (EC, value of 12.36). Malathion had a negative value
indicating no negative effect. Moreover, mixtures not containing
Malathion (Thiabendazole+Bromacil) had a lower EC, value (5.06
mg L?) than those containing Malathion (Bromacil+Malathion)
that had a higher EC_ value (13.14 mg L*). Furthermore, the
regression coefficients (R?) of all cases were in the range of
0.81-0.98 indicating a strong positive association between the
concentration and % growth inhibition to cyanobacteria.

The differences can be explained by two factors: the first is the
K, Value of each herbicide (Table 1). Bromacil had a K value
lower than Thiabendazole. According to its possible diffusion
from water to cyanobacterial mats, cells might take longer
time to produce the effect. Secondly, the mode of action of
Bromacil is different from other herbicides considered. Similar
observations were shown previously in other studies [17].

Table 4: Concentrations of ammonium hydroxide (um/L) in the growth
media of cyanobacterial mats treated with different compounds. Values
are average and standard deviation

Tested conc. (ppm) Bromacil Thiabendazole Malathion
0 43.13+1.04 42.13+1.48 4493 +1.38
1 34.39+1.01 39.30+1.47 45.46 +1.52
3 24.07 £1.05 31.44+1.42 46.71 +0.88
4 16.85 + 0.98 25.15+1.32 47.29+£0.91
7 11.80 + 0.93 20.12+1.24 47.86+1.41
15 8.26+0.8 16.10 £ 1.03 48.34+0.43

Note: p-values are 0.003 and 0.006
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Bromacil may inhibit photo system | and/or Il and thus reduce
population growth. Moreover, it can be hypothesized that at
low applied concentrations, cyanobacterial mats may undergo
fast adaptation and use the herbicide as a source of energy [5]
or undergo community changes [3]. Furthermore, cyanobacterial
mats may contain sensitive, tolerant and/or resistant species.
Accordingly, the sensitive species do not survive at low applied
concentrations, whereas tolerant and resistant species remain
active in the solution. Both types do not have linear responses
to herbicide concentrations. In addition, the dead cyanobacterial
mat cells remain in growth media and count as live cells when we
measure the optical density (as an indicator of bacterial growth).

In addition, each molecule has different solubility in water,
different K_ values, and different log P value (Table 1).

Mixing Bromacil and Thiabendazole produced growth inhibition

ISSN 2394-9988 Vol.4No. 1:2

similar to 2-fold concentrations of the individual test indicating
additive effects. This is in accord with the model calculation [26].
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