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ABSTRACT

The present study deals with inactivating harmful algae blooms (HABs) in the fresh water samples
by using algicidal bacteria (Bacillus subtilis). The inactivation process was performed under the direct
sunlight and optimized using central composite design (CCD) based on three independent factors
included time (1-6 h), bacterial supernatant dosage (1-10 mL 100 mL™) and pH (5-8). The results
revealed that the maximum inactivation of HABs was achieved with 1.61 mL 100 mL™, within 6 h
and pH 8, the reduction was 6 vs. 5.78 log and 90.22 vs. 87.767% of the chl a reduction (observed and
predicted, respectively, R*= 0.976). The inactivation mechanism was explained based on the analysis
of untreated and treated HABs cells by field emission scanning electron microscope with energy
dispersive X-ray spectroscopy (FESEM-EDX), Fourier transform infrared spectroscopy (FTIR) and
Raman spectroscopy which revealed a damage in the cell wall structure due to the effect of algicidal
substances. Moreover, FTIR analysis showed that the damaging of HABs was due to the adverse
effect of algicidal substance, which lead to the damage of protein and carbohydrate structure of the
HABs cell wall. These results further demonstrate that the algicidal bacteria can effectively inhibit

HABs cells in the freshwater.
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1. Introduction

Harmful algae blooms (HABs) defined as a natural pro-
cess occur due to the overgrowth of algae on the surface
of natural water systems. HABs have the ability to pro-
duce different types of the toxins such as hepatotoxins, and
neurotoxins which might be transmitted into the human
through the drinking water. The released toxins cause, diar-
rhoea, vomiting, eye irritation, skin rashes and respiratory
symptoms. These symptoms are used as an indication for
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the infections, since there are no specific diagnostic proce-
dures for these toxins in human blood [1,2]. The occurrence
of water toxicity with HABs is more common among the
countries which depend on the water desalination such as
Saudi Arabia. Fahad dam at Bisha represent one of the natu-
ral water system which has HABs due to the contamination
of these water with the sewage effluents [3]. The utilization
of these waters as drinking water represents a real hazard
for the human due to the presence of toxins. The studies
have revealed that the reverse osmosis (RO) technology is
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not enough to remove the HABs toxins from the fresh water
due to the high solubility and zwitterion properties of
these substances, which allow it to diffuse through the RO
membrane. Moreover, the HABs cause several operational
problems for RO system due to the clogging of the filters [4].

The chemical and physical treatment of HABs recorded
more than 90% of the inactivation percentage [5,6]. However
both methods are considered as unacceptable techniques
due to the toxic by-products which caused a serious sec-
ondary contamination and effect negatively on the aquatic
organisms in the natural water system [7]. The biological
control method appears to be the best alternative for inacti-
vating the HABs in the water systems [8]. The process might
be carried out by using algicidal microorganisms which has
exhibited high inactivation rate of HABs (>95%) [9,10]. The
studies in the literature have revealed that many of the bac-
terial species which can be used for controlling the algae
blooms by producing algicidal agents have the ability to
inactivate the algae cells. Algicidal substances are biological
substrates produced by bacteria such as Phaeocystis globosa,
Prorocentrum donghaiense, Pseudomonas sp., Bacillus sp.,
Aeromonas sp. and Heterosigma akashiwo [11,12]. However,
the challenges for the utilization of these organisms in envi-
ronmental technologies lie in the founding an appropriate
strain which have the ability to survive under different envi-
ronmental conditions. Nonetheless, most algicidal bacteria
cleave the algae cells by secreting algicidal substances [13].
Moreover the optimization process based on the main envi-
ronmental factors might enhance the inactivation process.
Response surface methodology (RSM) is one of the best sta-
tistical program which might achieve the highest inactiva-
tion rate within limited experimental runs [14]. RSM can be
effectively implemented when a response or some responses
of interest are affected by many variables [15]. Therefore, the
aim of the present work is to optimize the inactivation of
HABs by algicidal bacteria in the freshwater using RSM. The
inactivation mechanism of HABs was investigated using
field emission scanning electron microscope with energy
dispersive X-ray spectroscopy (FESEM-EDX), Fourier trans-
form infrared spectroscopy (FTIR) and Raman spectroscopy.

2. Materials and methods
2.1. Experimental set-up

The experimental set up of the current work consisted of
bacterial isolation and subculture, algicidal bioassay, HABs
sample preparations and algicidal activity experiments.
The Factorial Complete Randomized Design (3 x 1 x 1) in
duplicates was used to study the optimal factors affecting the
inactivation process with three (3) independent factors, One
(1) dependent factors (log reduction of HABs) and 1 control.
The inactivation process was conducted with 1,000 mL of
the fresh water sample for each run.

2.2. Water samples

The freshwater samples (20 L) with HABs were collected
from Fahad Dam in a plastic bottle (20 L) and transferred to the
analytical laboratory in an ice box and subjected to analysis
within 24 h. The presence of HABs in the freshwater sample

was determined using the KDHE procedure as described by
the Kansas Department of Health and Environment, USA
[16]. The method was performed based on the formation of
upper layer on the surface of firewater after the sample was
kept in a cold refrigerator overnight [16]. The HABs studied
in the present work belongs to Microcystis aeruginosa based
on the cell morphology of the cells as determined using SEM.

2.3. Algicidal bacterial strain

Bacillus subtilis strain (Fig. 1) was isolated from the sec-
ondary effluents sample using direct-plate technique on the
nutrient agar (NA) medium according to APHA [18]. The bac-
terial strain was identified based on the morphological and
culture characteristics according to the procedure described
by Brown [19]. The bacterial strain was sub-cultured in 1 L
of nutrient broth, incubated in the shaker at 30°C, 150 rpm
for 24 h. The bacterial culture was centrifuged at 11,000 rpm
for 10 min. The supernatant was used for the algicidal activ-
ity bioassay and inactivation process. The primary algicidal
activities for isolated bacteria were tested against HABs in
the LB medium according to Tian et al. [20]. The algicidal
activity (%) was determined according to Eq. (1):

Algicidal activity (%) =1- D peament 109 6

t control

where D, (cells/mL) and D, (cells/mL) are the cell
densities of treatment and control of HABs with and without

bacteria, respectively; t (h) stands for the inoculation time.

2.4. Optimization of algicidal inactivation of HABs

The inactivation of HABs in the fresh water samples by
algicidal bacteria was optimized using the central compos-
ite design (CCD) which was selected to create a significant
better model compared with other methods of Design-
Expert software program. Besides, the CCD requires a
smaller number of experiments, where 15 experimental
runs were performed in the current work to determine the
linear and quadratic effect of bacterial supernatant dosage

Fig. 1. B. subtilis in the freshwater samples (20,000x).
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Table 1
Coded and un-coded levels of the independent variables
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Factor Symbol Level
Low (-1) Middle (0) High (+1)
Dosage (mL 100 mL") . 1 55 10
Time (h) ) 1 3.5 6
pH 5 5 6.5 8

(x,) (1 to 10 mL L), time (x,) (1 to 6 h) and pH (x,) (pH 5 to
8) as well as the interaction between these factors and their
effect on the inactivation of HABs. The ranges of the inde-
pendent factors (high and low) were represented as min-
imum (-1), intermediate (0), and maximum (+1) (Table 1).
The quadratic model for the log reduction of HABs as a
function of the independent factors is illustrated in Eq. (2):

n on

Y= BO + Zi'(:l Bixi + Zf:l Biixi2 + zz Biix"xf (2)

i=1i<j

while the comparison between the experimental data and
the coded variable is represented as Eq. (3).

g, ~[HL+LL]/2 -

X ==
" [HL-LL]/2

where x, is the coded variable, ¢, is the experimental data,
HL is the maximum value of the independent variable, and
LL is the minimum value of the independent variable.

The inactivation process using algicidal bacteria was
performed in triplicate to obtain the accurate evaluation
efficiency of algicidal bacteria.

2.5. Preparation of HABs inoculum

The initial concentrations of HABs in the water sam-
ples were enumerated by haemocytometer with micro-
scope as described by Noman et al. [14]. The HABs inocu-
lum was prepared with 10° cells mL™ as recommended by
STAATT [21].

2.6. Algicidal inactivation processes

Fifteen experimental runs were conducted in order to
assess the efficiency of algicidal activity of substances from
B. subtilis against HABs in the freshwater. Each freshwa-
ter sample (1 L) was placed in jar test and inoculated with
different dosage of B. subtilis supernatant with algicidal
substances (1-10 mL per 100 mL of the solution), pH was
adjusted using NaOH (0.1 M) and HCI (0.1 N) to be within
the range of (pH 4-9) based on the RSM designed in the
present study. The freshwater with B. subtilis supernatant
was mixed at 100 rpm for different time (1-6 h) of HRT and
then samples were subjected for low mixing at 30 rpm for
30 min and settlement for another 6 h [21].

The inactivation of HABs was evaluated based on the
reduction in the HABs cell numbers as determined by hae-
mocytometer under microscope. The log reduction of HABs

was calculated according to Eqs. (4) as recommended by
STAATT [20].

log Reduction(log Kill) =log IT —-log RT 4)

where IT is initial numbers of HABs cells (cell mL™ of fresh-
water sample) before the inactivation process.

RT is the number of HABs cells (cell mL of freshwater
sample) recovered from a treated samples

Moreover, the chl a reduction was measured based on
the determination of the concentrations before and after each
treatment process according to Jeffrey and Humphrey [23].
Chl a was extracted from each sample by mixing 1 mL of the
water sample with 9 mL of acetone (90%). The absorbance
of the mixture was determined using spectrophotometer at
i =664, 647 and & = 630 nm. The chl a concentrations were
calculated using Eq. (5).

~1.54E,,, —0.08E,,, ()

Chl(a)(“lg] =11.85E,,
where E,, = value of absorbance at wavelength 664 nm;
E,,, = value of absorbance at wavelength 647 nm; E , = value

647
of absorbance at wavelength 630 nm.

2.7. Mechanism of algicidal activity against HABs

In order to understand the mechanism of action for
algicidal activity against HABs, the HABs cell morphology
before and after the inactivation process was imagined using
field emission scanning electron microscope with energy dis-
persive X-ray spectroscopy (FESEM-EDX) (model JEOL JSM-
7600F), Fourier transform infrared spectroscopy (FTIR) and
Raman spectroscopy (X-Plora Plus). For this purpose, 10 mL
of freshwater samples before and after the inactivation pro-
cess were subjected for the centrifugation at 6,000 rpm for
10 min. The pellets of HABs were prepared for FESEM-EDS
analysis after coating with gold powder. Moreover, the HABs
cells were also subjected for FTIR and Raman spectroscopy
analysis to determine the effect of algicidal substances on the
functional groups profile of the HABs cell wall as well as the
proteins, lipids and carbohydrates profile of the HABs cells.

3. Results and discussion
3.1. Characteristics of raw freshwater samples

The freshwater sample used in the current work con-
tained Chl a in the average of 250 ug L™ (data not shown).
The high concentration is an indication for the presence of
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high load of HABs. Moreover, KDHE test showed an upper
layer on the surface of the water sample that was tested in
the test tube which does mean that the HABs cell concen-
trations are more than 107 cells mL? (Appendix B). These
findings are consistent with the previous study conducted by
Hollister and Kreakie [24], who claimed that Chl a is asso-
ciated with various microcystin health advisory concentra-
tions. However, some of the previous studies claimed that
the presence of HABs is associated with 550 ug/L of Chl a
[24]. In the current work, the freshwater samples contained
250 pg L7 of Chl a, which is low in comparison with other
studies but, the low concentrations of Chl a do not mean the
absence of HABs, it indicates that there are HABs but the
concentrations are less than 107 cells mL™ and might increase
with the time to reach 107 cells mL™.

3.2. Optimization of HABs inactivation by algicidal bacteria

The optimization for inactivating HABs in the freshwa-
ter samples by using different dosage of algicidal bacteria
was studied as a function of three independent variables
including bacterial dose (1-10 mL per 100 mL), time (1-6 h)
and pH (5-8). The optimization study was carried out in
order to determine the best operating parameters at which
the maximum inactivation of HABs is achieved. Hence,
the CCD was employed with 15 treatment runs (designed
by Design-Expert version 10), which performed to cover
all possible combination of factor levels (Table 2). Among
the treatment runs, four runs was used to represent two-
level factorial design, six runs represents star points (axial
points), while five runs at the centre. The log reduction
(Response variables) was calculated according to Eq. (4).

Table 2

The validity of first and second order model was analysed
using ANOVA (p < 0.05, with 95% of confident level).

The maximum log reduction of HABs in freshwater
within the investigated ranges as displayed in Table 2 was
determined with 5.5 mL 100 mL™, after 3.5 h at pH 6.5 of
which the predicted and experimental log,, reductions were
the log reduction was 5.7 vs. 4.38 log, cell mL, respectively.
The minimum reduction was noted with 1 mL 100 mL",1 h
and pH 5, where the log reduction was 2.98 vs. 2.17 log,  cell
mL of experimental and predicted data, respectively. By
contrast, the highest chl a reduction was recorded with
1 mL 100 mL™, 6 h and pH 8, where the chl a reduction was
87.76% vs. 83.38% of experimental and predicted results,
respectively. The lowest reduction was observed with 1 mL
100 mL?, 1 h and pH 5, where 32.13% vs. 27.75% of chl a
was removed. These findings indicated that the algicidal
substances from B. subtilis have become more effective at
moderate pH and after 3.5 h.

The results of ANOVA indicated that a significant model
for inactivating HABs (y,) and removal of chl a (y,) (p <0.0336
and 0.0072) with the determination coefficients (R?) equal
to 0.9146 and adjusted R* was 0.7610 for y, reduction and
R*>=0.9548, Adj. R*>= 0.8748 for y,, indicating the aptness of
the model (Table 3). Both x, and x, factors exhibited positive
and significant coefficient (p < 0.0084 and 0.0059) with y, and
y,, while x, has a negative and non-significant coefficient
(p > 0.05) with both dependent variables (y, and y,) (Table 4).
The quadratic analysis for the effect of independent factors
on the inactivation process were non-significant (p > 0.05),
indicating that none of the independent factors has a second-
ary influence on the inactivation process.

The regression model with the significant coefficients
(at 95% confidence level) is given by Egs. (6) and (7).

Log reduction of HABs in freshwater by algicidal substances from B. subtitles as a response for independent factors

Run X X, X, Y, Y,
Observed Predicted Observed Predicted

1 1.414 0.000 0.000 5.62 6.05 75.77 80.15
2 -1.000 -1.000 -1.000 2.60 2.17 32.13 27.75
3 0.000 0.000 0.000 5.70 4.38 86.45 75.90
4 1.000 1.000 -1.000 3.70 3.28 45.88 41.49
5 0.000 0.000 -1.414 4.80 523 72.74 77.12
6 0.000 0.000 0.000 454 4.38 77.89 75.90
7 0.000 0.000 0.000 431 4.38 72.43 75.90
8 0.000 0.000 1.414 4.70 5.12 77.37 81.75
9 1.000 -1.000 1.000 5.00 4.57 78.98 74.60
10 0.000 0.000 0.000 4.09 4.38 74.66 75.90
11 0.000 -1.414 0.000 0.20 0.63 20.67 25.05
12 -1.414 0.000 0.000 0.50 0.93 25.86 30.25
13 -1.000 1.000 1.000 5.80 5.37 87.76 83.38
14 0.000 0.000 0.000 4.09 4.38 76.82 75.90
15 0.000 1.414 0.000 5.78 6.21 80.32 84.70

x, (dosage, mL/L); x, (time, min); x, (pH), y, (Log reduction); y, (Chl a reduction).

“As determined using Eq. (4).
’As determined using Eq. (5).
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Table 3
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ANOVA analysis of the response surface quadratic model for inactivating HABs in freshwater by algicidal substances from B. subtitles

Source Sum of DF Mean square F value p-value Prob > F
sduare vi vy v, v, Y, v,
Model 39.30 9 4.37 756.13 5.80 11.75 0.0336* 0.0072*
X, 13.11 1 13.11 1,245.34 17.41 19.35 0.0087* 0.0070*
X, 15.57 1 15.57 1,778.94 20.68 27.64 0.0061* 0.0033*
X, 5.513E-003 1 5.513E-003 10.70 7.322E-003 0.17 0.9351 0.7003
XX, 2.70 1 2.70 844.48 3.58 13.12 0.1169 0.0152*
XX, 4.48 1 4.48 477.92 5.95 7.43 0.0587* 0.0415*
XX, 6.01 1 6.01 538.19 7.99 8.36 0.0368* 0.0341*
x; 1.53 1 1.53 826.44 2.04 12.84 0.2130 0.0158*
x; 1.78 1 1.78 852.24 2.37 13.24 0.1845 0.0149*
x; 1.22 1 1.22 24.12 1.62 0.37 0.2586 0.5672
Residual 3.76 5 0.75 64.36
Lack of Fit 1.96 1 1.96 207.40 4.43 7.25 0.1055 0.0545
Pure Error 1.80 4 0.45 28.59
Cor Total 43.07 14

*R?=0.9126, Adj. R*=0.7552, **R?*=0.9548, Adj. R*>=0.8748.

Table 4

Regression coefficient and their significance of the quadratic model for inactivating HABs in freshwater by algicidal substances

produced from B. subtilis

Source Coefficient estimate Standard error F value p-value Prob > F
y‘l yz y‘] yZ y‘] yZ y‘] yz

Model 4.38 75.90 0.37 3.45 5.80 11.75 0.0336* 0.0072*
X, 1.81 17.64 0.43 4.01 17.41 19.35 0.0087* 0.0070*
X, 1.97 21.09 0.43 4.01 20.68 27.64 0.0061* 0.0033*
X, -0.037 1.64 0.43 4.01 7.322E-003 0.17 0.9351 0.7003
x,X, -1.16 -20.55 0.61 5.67 3.58 13.12 0.1169 0.0152*
X%, 1.50 15.46 0.61 5.67 5.95 7.43 0.0587* 0.0415*
X%, 1.73 16.40 0.61 5.67 7.99 8.36 0.0368* 0.0341*
x? -0.45 -10.35 0.31 2.89 2.04 12.84 0.2130 0.0158*
x2 -0.48 -10.51 0.31 2.89 2.37 13.24 0.1845 0.0149*
x2 0.40 1.77 0.31 2.89 1.62 0.37 0.2586 0.5672

y, =21.88-0.43x, —1.11x, - 5.16x, — 0.10x,x, + 0.22x x, +
0.46x,x, —0.022x7 —0.08x2 +0.18x2 (6)

y, =161.09 + 1.05x, + 1.82x, — 37.03x, — 1.82x,x, +2.30x,x, +
4.37x,x, —0.51x% —1.68x> +0.78x @)

Both dosage and time have been reported among the
factors which contribute effectivity in inactivating of HABs
[25,26]. The results in the present study are in agreement
with that reported by Zhang et al. [25], even at different inac-
tivation process. Zhang et al. [25] revealed that the time is
a critical factor in inactivating HABs; the study found that
at 5 pg mL™ of Prodigiosin, the algae cells showed cyto-
plasmic hyper vacuolization, and destruction of chloroplast

and nucleus rupture, within 2 h, while the cells lost 45.3% of
Chl a fluorescence after 24 h. In the current work, the inac-
tivation was conducted for maximum of 6 h; however, 6 log
reduction of HABs cells and 87.76% of chl a removal was
achieved indicating the effectiveness of algicidal substances
from B. subtitles for inactivating HABs in freshwater.

The analysis of the interaction between independent fac-
tors is presented in Figs. 2 and 3 as well as Table 4. It can
be noted that a negative interaction was recorded between x,
and x, indicating that the increasing dosage might minimize
the time required for the inactivation time and chl a reduc-
tion, but this interaction was not clear and non-significant
with y, since p value was more than 0.05 (Fig. 2a), while was a
significant with y, (p < 0.0152; Fig. 3a). By contrast, the inde-
pendent factors x, and x, as well as x, and x, occurred posi-
tive significant interactions during the inactivation process of
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Fig. 2. Three-dimensional response surface plot for log reduction of HABs in freshwater by algicidal substances produced from
B. subtilis as a response of interaction between independent factors. x, (dosage mL 100 mL™); x, (time, h); x, (pH).
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Fig. 3. Three-dimensional response surface plot for Chl a of HABs in freshwater by algicidal substances produced from B. subtilis as a
response of interaction between independent factors. x, (dosage mL 100 mL™); x, (time, h); x, (pH).
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HABs in the freshwater. The ANOVA analysis revealed that
the increasing bacterial dosage becomes more influential at
high pH at a constant time (Figs. 1b and 2b), while a short
time is required to achieve high log reduction in the HABs
at constant bacterial dosage (Figs. 2c and 3c). It can be con-
cluded that, although, the x, and x, has no significant interac-
tion, both factors have more influences at constant pH (7.5)
than that recorded as a result of interaction between x, and
x, at constant time (1.6 h) and between x, and x, at constant
dosage (1.1 mL per 100 mL).

3.3. Validation of the optimal parameters

In order to validate the best operating parameters sug-
gested by the Design-Expert, the experiment conditions
suggested by the software were tested in the laboratory.
The results for the validation of the optimal parameters are
presented in Table 5. The percentage error was investigated
for the optimization of experiments, the errors between
model and experimental values were calculated according to
the formula in Eq. (8)

Model error — Exp error
Model Error

x100

Error =

®)

The best operating parameters for inactivating HABs
in freshwater as a response for algicidal substances from
B. subtitles were tested with two suggestions to achieve high
inactivation. The inactivation of HABs in the freshwater
samples with low dosage concentrations 3.47 mL 100 mL"
within 2.62 h and at pH 5, which might achieve 4.42 log
reduction and 69.54 % of chl a reduction (R*= 0.703). The sec-
ond suggestion might be carried out with 1.606 mL 100 mL",
within 6 h and pH 8, the reduction was 6 log and 90.22% of
the chl a reduction (R*= 0.976).

A few studies have been carried out on the optimization
of HABs inactivation by RSM. However, these studies indi-
cated that pH and dosage concentrations were among the
factors which contribute effectively in the chl a reduction.
In the previous study, Hamed et al. [22] revealed that a sig-
nificant interaction was recorded between fungal dosage and
pH for removing Chl a. In comparison with other bacterial
strains, it was noted that B. subtilis strain in the current study
exhibited high efficiency in inactivating HABs, but the dos-
age used was more than that recorded with other bacterial
strains such as Bacillamide which showed excellent algicidal
efficiency against many of the HABs included (Skeletonema
costatum and Gymnodinium catenatum) with concentrations

Table 5
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ranged from EC50 value of 0.011 to 0.58 mg/L [27]. However,
the differences might be due to the use of raw algicidal sub-
stances in this work as well as the inactivation factors which
are different.

3.4. Inactivation mechanism of HABs cells

The results of SEM imaging showed that HABs in the
fresh water samples (before the inactivation process) have
spherical shape with smooth surface, where there was no
critical influence on the algal cells under the normal envi-
ronmental conductions were observed (Fig. 4a). In contrast,
the results in Fig. 4b revealed changes in the surface of HABs
cells which might be related to the effect of algicidal secreted
by B. subtilis [28]. According to Eckersley et al. [30] most of
HABs cells have a spherical shape, therefore, any changes
on the shape or surface of the HABs is used as indication

Fig. 4. FESEM image shows destruction of HABs cells (10,000X) in
freshwater using algicidal substances produced from B. subtilis,
(a) before the inactivation (control); (b) after the inactivation
(X=10K).

Operating parameters for achieving highest inactivation of HABs in freshwater by algicidal substances produced from B. subtilis and

as a response for independent factors

Run x, x, (h) x, v, Y, Desirability
(mL 100 L) Observed Predicted Observed Predicted

1 3.466 2.615 5 4.423 4.249 69.542 66.665 0.703

2 1.606 6 8 6 5.784 90.221 87.767 0.976

y, (Log reduction); y, (Chl a reduction).
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for inactivating or deforming HABs cells. Moreover, in the
present study, the EDS analysis found that the percentage
of nitrogen has reduced in the HABs after the inactivation
process, while the elements such as P, S were increased as
a result of their release from the cytoplasm into the surface
of the HABs (Fig. 5). The FTIR analysis for the functional
groups on the HABs cell wall was carried out to confirm the
presence or absence of the adverse effect as a result of algi-
cidal substances (Fig. 6). The results revealed a reduction
in the main functional groups which included OH, -C-H,
non-conjugated groups, C-OH; these groups are available

Element o Atomic%
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o
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Ca
Cu
Zn
Totals 100.00

I 1 2 3 4 5 -] T g 9 10
ull Scale 2856 cts Cursor: 0,000 ket

n 1 2 3 4 5 E 7 a8 g 10
Full Scale 2815 cts Cursor: 0.000 ke

Fig. 5. EDS analysis shows the element contents in the HABs
before (a) and after (b) the inactivation in freshwater using
algicidal substances produced from B. subtilis.
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Fig. 6. FTIR analysis of HABs before and after the inactivation in
reshwater using algicidal substances produced from B. subtilis.
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Fig. 7. Raman spectroscopy analysis of HABs before and after
the inactivation in freshwater using algicidal substances pro-
duced from B subtilis.

in the protein and carbohydrate compounds (amine, pec-
tin, cellulose). Therefore, the reduction in these functional
groups is indication for the effect of algicidal substances on
the protein and carbohydrate structures on the cell wall of
HABs cells. The advance analysis using Raman spectros-
copy confirmed the reduction in the amino groups due
to the destruction caused by algicidal substances (Fig. 7).
Indeed, the inactivation mechanism of algicidal activity
against HABs based on the chemical analysis of the pro-
tein and carbohydrates structure of the HABs cell wall have
not been reported before. Therefore, the current work has
contributed effectively to understand more the inactivation
mechanism of HABs by using algicidal substances.

4. Conclusion

The current work optimized the algicidal activity of
HABs by using algicidal substances from B. subtilis. The opti-
mal inactivation rate as determined based on the reduction
of log cells and Chl a was recorded with 1.606 mL 100 mL",
within 6 h and pH 8, the reduction was 6 log and 90.22% of
the chl a reduction (R*= 0.976). The SEM analysis confirmed
the damaging of HABs due to the adverse effect of algicidal
substance, which lead to the damage of protein and carbohy-
drate structure of the HABs cell wall. It can be concluded that
algicidal substances from B. subtilis is suitable for controlling
and preventing the distribution of HABS in the freshwater
systems.
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Appendix

Appendix A show the algae bloom in Fahad dam at Bisha.
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