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Abstract Developing effective, affordable, and recoverable heterogeneous catalysts is one of the

foremost challenges in modern chemistry. Mn(III) complexes of 5-(4-aminophenyl) �10, 15, and

20-triphenyl porphyrin 1 immobilized covalently on polymethyl methacrylate (PMMA) 2 and

poly(methyl methacrylate –co- styrene) (PMMA/ST) 3 were synthesized, characterized, and applied

for degradation of malathion with H2O2 in aqueous solution. Mn(III) porphyrin complex anchored

on cross linked polymers 4 and 5 show high catalytic activity for malathion (pesticide) degradation

in an aqueous solution with green oxidant H2O2. The catalytic efficacy of malathion degradation

was highest with the Mn(III) porphyrin complex covalently anchored on (polymethyl

methacrylate-co-styrene) 5. The optimum conditions, including the effect of pH, catalyst concentra-

tion, and H2O2 concentration on the degradation of malathion, were investigated. The reuse and

stability of catalysts were examined, and the findings proposed that the Mn(III) porphyrin complex

5 has no noticeable changes in the removal efficiency up to five consecutive cycles. GC–MS analyses

showed that the degraded compounds and intermediates formed from malathion degradation were

non-toxic to E. coli bacteria. For the degradation of dissolved malathion pesticides in an aqueous
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solution, the use of Mn(III) porphyrin complex 5 in the presence of H2O2 has the potential to be

advantageous.

� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Using chemical fertilizers and pesticides in agricultural processes is cat-

egorized as very harmful to the environment and human health

(Ahmed et al., 2011; Kalyabina et al., 2021; Zaller et al., 2022). How-

ever, fertilizers and pesticides are used most for livestock and crop pro-

tection from insects, weeds, and pests (Bai et al., 2010; Fenner et al.,

2013; Hassaan and El Nemr, 2020). Malathion [O,O-dimethyl-S-(1,2-

dicarbethoxy)ethyl phosphorodithioate] is an organophosphorus insec-

ticide widely used in agriculture to boost crop yield by reducing the

negative impacts of insects and other pests. Most organophosphorus

pesticides are highly toxic and act as potent inhibitors of acetyl-

cholinesterase (AChE), a critical cholinergic enzyme that plays a vital

role in neurotransmission by substituting acetylcholine (Kaushal et al.,

2021; Rajagopalan et al., 2023). Malathion and its resultant byprod-

ucts in various environmental mediums such as soil, surface water,

air, and groundwater have resulted in significant contamination. This

contamination has been found to have adverse effects on aquatic life

(Vormeier et al., 2023) and other living organisms (Juraske et al.,

2007; Sarangapani et al., 2016) due to the high levels of toxicity asso-

ciated with these substances.

Presently, diverse techniques are employed to eliminate particular

residual pesticides from water and soil. Several methods have been

employed to reduce emerging contaminants (ECs) concentrations in

water. These methods include biodegradation, sand filtration, microfil-

tration, membrane bioreactor, plant-microorganism combined tech-

nology, and activated carbon adsorption (Parida et al., 2021).

However, it has been observed that these methods are inadequate in

achieving the desired reduction of ECs during water treatment, as

per the permissible limits (Lafi and Al-Qodah, 2006; Malakootian

et al., 2020).

The highly efficient and novel method with the ability to break

down toxic pesticides into less harmful by-products is the advanced

oxidation process (AOPs). Several techniques have been approved

for the degradation of different types of pesticides from aqueous sys-

tems, such as ozone (Pandiselvam et al., 2020), the Fenton process

(Pandiselvam et al., 2020), adsorption (T. Wang et al., 2020), plasma

(Liu et al., 2021), and metalloporphyrins (Lage et al., 2019; Martins

et al., 2022; Rebelo et al., 2009).

Metalloporphyrin has been utilized as a biomimetic catalyst for

Cytochrome P450 enzymes and has demonstrated successful outcomes

in various oxidation reactions (Lage et al., 2019). Metalloporphyrin

stability has been enhanced through their integration into solid sub-

strates, including but not limited to zeolites, silica, clays, ion-

exchange materials, carbonaceous substances, and metal oxides (Ema

et al., 2013; Ghafuri et al., 2016). This integration is accomplished

through covalent, van der Waals, or electrovalent bonding

mechanisms.

Unlike the above compound, heterogeneous metalloporphyrins

immobilized on cross linked polymers are promising and challenging

due to good catalytic activity and reusability. A limited number of lit-

erature is available on the breakdown of malathion through advanced

oxidation processes (AOPs). Tony et al. (Tony et al., 2017) examined

the degradation of malathion by chemical oxidation employing

(NaOCl, Ca(OCl)2, monochloride-isocyanuric acid (MCICA),

dichloro iso-cyanuric acid (DCICA), and trichloroisocyanuric acid

(TCICA), UV, and ozone in simulated wastewater. They discovered

that TCICA should be employed since it was more efficient than other

chlorinating materials, yielding a breakdown of malathion of 47.0%

after 12 h.
The prior literature review suggests that implementing the AOP

is an appropriate approach for the remediation of pesticide-

contaminated wastewater. However, the impact of the process param-

eters on performance effectiveness is poorly understood (Pérez et al.,

2006). This study examines the degradation of malathion to environ-

mentally less objectionable substances using the heterogeneous catalyst

Mn(III) complex of 5-(4-Aminophenyl) �10, 15, 20-

triphenylporphyrin 1 covalently immobilized on cross linked poly-

methyl methacrylate (PMMA) 2 and poly(methyl methacrylate –co-

styrene) (PMMA/ST) 3. To the best of our knowledge, this is the first

report on the degradation of malathion in an aqueous solution by

Manganese (III) porphyrin complex supported on cross linked

polymers.

2. Experimental

2.1. Materials and methods

Methyl methacrylate (99%, stabilized, CH2 = C(CH3)
COOCH3), styrene (analytical standard, C6H5CH = CH2),

and divinylbenzene technical grade, (80% C6H4(CH=CH2)2),
sodium nitritr (NaNO2, ACS, 97%), trifluoroacetic acid (CF3-
COOH), Tetra-n-butylammonium bromide, TBAB ((CH3-
CH2CH2CH2)4NBr) were supplied from Sigma Aldrich.

Merck provided pyrrole (pH > 6 (10 g/l, H₂O, 20 �C)) and
benzaldehyde. Malathion was delivered from Accustandard,
USA. All solvents and acids were supported from Loba

Chemie.

2.2. Characterization

UV/visible measurements were conducted using a Perkin-
Elmer Lambda 35 spectrophotometer.

FTIR studies were carried out on A JASCOFT/IR 6800

instrument.
HNMR spectra were measured on a Bruker AC-200

spectrometer.
GC/ MS measured on Varian GC model CP3800 and Mass

model 320x.
The Perkin Elmer 3100 Atomic Absorption Spectrometer

(AAS) was employed to detect manganese concentration.

The Mn(III)porphyrin complex morphologies with PMMA
and PMMA/ST were characterized using a scanning electron
microscope (SEM, Joel, JSM-6510LV, Japan).

2.3. Preparation of catalyst

2.3.1. Preparation of Mn(III) complex of 5-(4-Aminophenyl)
�10, 15, 20-triphenyl porphyrin 1

The free base porphyrin 5-(4-Aminophenyl) �10, 15, 20-
triphenylporphyrin, and the corresponding Mn(III) porphyrin

complex 1 was produced and purified using a previously
known technique (Adler et al., 1970; Luguya et al., 2004).

Sodium nitrite (100 mg, 1.45 mmol) was added to tetra phe-

nyl porphyrin (500 mg, 0.815 mmol) dissolved in trifluo-

http://creativecommons.org/licenses/by/4.0/
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roacetic acid (50 mL). The mixture was stirred at room temper-
ature for 3 min, then poured into 100 mL of water and
extracted with dichloromethane four times. The organic layer

collected was rinsed numerous times with saturated aqueous
NaHCO3 and water, and the solvent was then drawn out under
a vacuum. The residue (5-(4-Nitrophenyl) �10, 15, 20-

triphenylporphyrin) obtained was dissolved in 50 mL concen-
trated HCl, and tin (II) chloride (1.1 g, 0.975 mmol) was added
carefully while stirring, heated to 65 �C for 1 h under nitrogen,

and then poured into 500 mL of cold water. The pH was
adjusted to 8 using an ammonium solution, and dichloro-
methane was used to extract the aqueous solution until it
was colorless. The organic layer obtained evaporated under

vacuum, and the final residue recrystallized from methanol,
yielding 410 mg (82%) of 5-(4-Aminophenyl) �10, 15, 20-
triphenylporphyrin.

1H NMR (CDCl3) d ppm: �2.82(2H, s, inner NH), 4.14
(8H, s, Ph-NH2), 6.96 (2H, d, ArH), 7.672 (9H, m, ArH),
7.89 (2H,d, ArH), 8.13 (6H, m, ArH), 8.84 (8H, s, pyrrole-

bCH). UV–Vis (CHCl3) kmax: 417, 514, 551, 589, and 645.
Mn(III) porphyrin complex 1 was obtained by refluxing 5-

(4-Aminophenyl) �10, 15, 20-triphenyl porphyrin

(200 mg,0.32 mmol) with Manganese (II) Acetate (624 mg,
3.2 mmol) in 70 mL of N, N-dimethylformamide for 3 h.
The solution was cooled at room temperature under stirring.
DMF was removed by distillation under a vacuum and washed

with distilled water. Then the residue was dissolved in 20 mL
of CHCl3 and filtered to get ride impurities. The solvent was
removed under vacuum, and a dark-green solid of Mn(III)por-

phyrin complex 1 was obtained (Adler et al., 1970). The soret
band of the dark-green solid 1 obtained after the metal inser-
tion reaction was 479 nm in CHCl3 instead of 417 nm of the

free base.

2.3.2. Synthesis of cross linked poly methyl methacrylate

(PMMA) and its copolymer with styrene (PMMA/ST)

Poly methyl methacrylate (PMMA) 2 and its copolymer with
styrene (PMMA/ST) 3 (Fig S1) were synthesized following a
Scheme 1 Structure configuration of malathion,
previously reported procedure (Akelah et al., 1986) to form
two types of supported polymer, polymethyl methacrylate
PMMA 2 and PMMA/ST 3.
2.3.3. Synthesis of Mn(III) porphyrin complex 1 supported on
cross linked polymers (2,3)

A 0.5 g of polymers, PMMA 2 or PMMA/ST 3, and 40 mg of

Mn(III) porphyrin complex 1 were added to 20 mL of DMF
and 0.3 g (10 mmol) tetra-n-butyl ammonium bromide
(TBAB) as catalyst was stirred at 100 �C for 2 days. The resins

were obtained by filtration, washed with water and methanol,
and dried under a vacuum (Scheme 1) yielding 92% of Mn(III)
complexe immobilized covalently on polymethyl methacrylate

4 and 88% of Mn(III) complexe immobilized covalently on
(polymethyl methacrylate-co-styrene) 5. Using atomic absorp-
tion spectroscopy (AAS), the Mn content determined for resins

(4, 5) were 2.68 and 1.85 mg, respectively.

2.4. Catalyzed degradation of malathion by Mn(III) porphyrin
complex supported on cross linked polymer (4 &5) by H2O2

Oxidation degradation of malathion catalyzed by Mn(III) por-
phyrin complex supported on cross linked polymer (4 &5) by
H2O2 was carried out as the following method. A 50 mL ali-

quot of deionized water was placed in a 100 mL Erlenmeyer
flask. A 20 mL aliquot of 0.01 M malathion in methanol and
50 mg of catalyst were added to the solution. The oxidative

reaction was initiated by adding 100 mL aliquot of 1 mM aque-
ous solution of H2O2 under stirring at 150 rpm at room tem-
perature. An aliquot was withdrawn at regular intervals, and

the remaining malathion concentrations were measured using
a GC - NPD detector with the standard method (EPA method
507) (Moriya et al., 1983).

The degradation rate constant (kobs) of malathion was esti-

mated by applying the least-square approximation method to
the equation C/Ci = exp (-kt), where C and Ci are pesticides
concentration at time t (in min) and t = 0, respectively.
PMMA, PMMA/ST, and Mn(III)porphyrin.
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2.5. Recovery and reuse of supported Mn(III) porphyrin
complexes

The cross linked polymers supported by Mn(III)porphyrin
complex (4,5) were reused from the reaction mixture by simple

filtration, washing the catalyst with distilled water several
times, and then recycled for subsequent experiments.

2.6. Toxicity assay

The study employed the reduction assay technique to assess
the toxicity of malathion degradation products, utilizing the
Gram-negative Escherichia coli strain (ATCC25922). The uti-

lization of the resazurin dye reduction assay is a widely recog-
nized method for assessing the toxicity of various chemical
substances. A suspension of E. coli strain cells at a concentra-

tion of 105/mL was prepared in 10 mL of sterile saline solution
(Li et al., 2019).

The toxicity of the bacterial culture E. coli was assessed by

preparing reagent control, cell control, and chemical test in
2 mL vials. These vials contained 1 mL of the growth medium,
composed of 2.64 g of K2HPO4, 1.64 g of KH2PO4, 0.2 g of
glucose, 0.2 g of sodium acetate, and 1.6 g of nutrient broth

dissolved in 1 L of distilled water. Additionally, 250 mL of resa-
zurin dye solution (10 mg/mL) was added to each vial. For the
cell control and chemical test, 250 mL of bacterial cells saline

solution was also added.

2.7. Degradation experiments

The process of malathion degradation was executed by intro-
ducing 100 mL of byproducts into chemical test vials at per-
hour intervals, followed by incubation of all vials at 37 �C
for 4 h. Upon reduction, the resazurin dye changed from blue
to pink. The dye reduction process was assessed by employing
a Spectrophotometer at a wavelength of 610 nm after the elim-
ination of bacterial cells via centrifugation. The quantification

of the chemical examination toxicity on the bacterial culture
was determined by calculating the percentage inhibition of
the dehydrogenase activity, as per the provided equation:

Inh:ð%Þ ¼ ðC� BÞ=ðA� BÞx100 ð1Þ
Inh. (%) = percent inhibition at a given time, A = final

absorbance of the reagent control, B = final absorbance of
the cell control, and C = final absorbance of the chemical test.

3. Results and discussion

3.1. Structural and morphological characteristics

Using heterogeneous catalysis to create practical and environ-

mentally friendly synthetic techniques to break down pesti-
cides is quite interesting. Using the newly developed
metalloporphyrin immobilized on cross linked polymer as an
ecologically safe solid-supported catalyst with high catalytic

activity under benign conditions, malathion can be degraded
effectively, conveniently, and practically.

To verify the covalent interactions between Mn(III) por-

phyrin complex 1 immobilized on cross linked polymers
(2,3), FTIR spectra were recorded for PMMA 2. (Fig S2.a)
shows a sharp, intense peak at 1735 cm�1, indicating the pres-
ence of ester carbonyl group stretching vibration. The broad
peak appears from 1252 to 997 cm�1 due to the stretching
vibration of the C-O (ester bond). The broadband from 846

to 702 cm�1 is due to the bending of C–H. Bands of the FT-
IR spectrum for polystyrene in PMMA/ST 3 (Fig S3.a)
according to their functional groups, C–H aromatic tension

appear from 3089 cm�1 – 3016 cm�1, 2929 cm�1 and
2842 cm�1 CH2 asymmetric and symmetric tension; 1951–
1799 cm�1, aromatic ring mono substitution; 1449 cm�1 defor-

mation CH2 + C = C of the aromatic ring.
The present study investigates the main functional proper-

ties of Mn(III)porphyrin complex/ PMMA 4 and Mn(III) por-
phyrin complex (PMMA/ ST) 5. Upon loading Mn(III)

porphyrin complex onto PMMA 2 and PMMA/ST 3, the
FT-IR spectrum exhibited the emergence of bands at
1664 cm�1, indicative of N–H bending vibration, and

1268 cm�1, indicative of C-N stretching vibration (Fig S2.b
& Fig S3.b).

SEM examined the surface texture of catalysts 4 and 5. The

copolymer composition affects the matrix morphology, as
shown in Fig. 1. Pure PMMA surface is rough due to the for-
mation of sticky layers Fig. 1a. The morphology was changed

with PMMA/ST copolymer Fig. 1b, and the structure consist-
ing of rigid sheets is well-distributed and well-wetted in the
matrix. When Mn(III)porphyrin complex was doped on the
surface of PMMA (Fig. 1c) and PMMA/ST (Fig. 1d), there

was no clustering of the sheet fillers observed. The presence
of metal-centered porphyrin totally affected the distribution
of nanoparticles (Zhang et al., 2022). The nanoparticles are

spherical with an average SEM diameter of 53 ± 9 nm and
61 ± 10 nm for the Mn(III)porphyrin complex with PMMA
and crosslinked PMMA/ST, respectively. The nanoparticles

formation and distribution were dependent on surface modifi-
cation, polar groups, and covalent interaction.
3.2. Catalytic degradation of malathion

In this section, the catalytic activity of the synthesized Mn(III)
porphyrin complex supported on cross linked polymers (4,5)

was studied for degradation of malathion, as a model of

organic water pollutants, in the presence of H2O2. As shown
in Fig. 2, malathion was persistent and stable in the presence
of PMMA 2 and PMMA/ST 3 without any catalyst. Only

about 10 % of adsorption occurs in PMMA 2 and 5% in
the case of PMMA/ST 3. The poor removal ratio may be
attributed to the aggregation of ST on the surface of PMMA

and their hydrophobic nature (M. Wang et al., 2020). Other-
wise, in the presence of pure H2O2 and without any catalyst,
40% degradation occurs for malathion.

The homogeneous catalysis of Mn(III) porphyrin complex

1 in the presence of H2O2 was also carried out. It can be seen
that 85% of malathion was degradable due to the activation of
the Mn(III) porphyrin complex to form high valent oxo com-

plexes Mn(V)-oxo complexes using hydrogen peroxide which
was reported previously in similar systems as shown in equa-
tions (2)&(3) (Procner et al., 2020, 2016; Saha et al., 2013).

Exposure of malathion to an H2O2-based oxidant supported
on cross-linked polymers 4 and 5 resulted in a steady increase
in degradation of malathion, with approximately 94% and

100% of the target substrate, respectively. The results demon-
strated that both catalysts supported on polymers 4 and 5



Fig. 1 SEM Images for (a) PMMA, (b) PMMA/ST copolymer, (c) Mn(III)porphyrin complex /PMMA, and (d) Mn(III)porphyrin

complex /PMMA/ST copolymer.

Fig. 2 The degradation of Malathion (initial concentration

10 mg/L(30.27 m M) 50 mL, pH = 7, T = 25◦C) under various

systems: (a) PMMA/ST (0.1 gm); (b) PMMA (0.1 g); (c)

substrate + H2O2 (1 mM), (d) Mn(III) porphyrin complex 1

(35m M) and H2O2 (1 mM); (e) Mn(III) porphyrin complex /

PMMA 4 (0.07 g, containing 35m M of Mn(III) complex 1 and

H2O2 (1 mM); (f) Mn(III) porphyrin complex (PMMA/ ST) 5

(0.1 g, containing 35m M of Mn(III) complex 1)and H2O2 (1 mM).

Catalytic activity of Mn(III) porphyrin complex 5
show high catalytic activity for malathion degradation. How-

ever, the most increased degradation was observed for the
Mn(III)porphyrin complex supported on poly(methyl
methacrylate –co-styrene) 5. This finding might be attributed

to the presence of a polystyrene hydrophobic block which is
immobilized onto the complex. Consequently, the distributed
5 onto the surface of the complex exhibits a high photore-

sponse in the visible range boosting its catalytic activity.

MnIIIðPorph:Þ þH2O2 �k ðPorph:ÞMnV ¼ OþH2O ð2Þ
ðPorph:ÞMnV ¼ OþMalathion �k MnIIIðPorph:Þ
þ degradationproducts ð3Þ

As shown in Fig. 2, Mn(III) porphyrin complex / (PMMA/
ST) 5 has been selected to optimize the experimental condi-
tions for malathion degradation.

3.2.1. Effect of pH on degradation of malathion

Malathion degradation was investigated within the pH range
of 5 to 9, as depicted in Fig. 3. Data illustrated in Fig. 3 show

that malathion degradation increased with increasing pH of
the reaction mixture from 5.0 to 9.0. Thus, the effect of pH
on the degradation of malathion is apparent. The higher the

pH of the solution, the faster the degradation of malathion
due to the more efficient generation of the active form of the
catalytic species owing to the much higher reactivity of
OOH– than H2O2. This results in agreement with the work pre-

viously published (Jin et al., 2010).
3.2.2. Effect of catalyst concentration on the rate of malathion

degradation

At various concentrations of Mn(III) porphyrin complex/
(PMMA/ST) 5 at fixed [H2O2] and [malathion], the impact
of the catalyst concentration on the degradation of malathion

was investigated. The data in Fig. 4 indicate that the rate con-
stant, kobs, exhibits a pseudo-first-order behavior and increases
proportionally with catalyst employed. A plateau is observed

when a substantial amount of Mn(III) porphyrin complex /
(PMMA/ ST) 5 was utilized (Silva et al., 2010).

3.2.3. Effect of hydrogen peroxide concentration

In the concentration range of 0.05 mM to 3 mM, the impact of
H2O2 concentration on the breakdown of malathion was stud-
ied. Fig. 5 demonstrates that the degradation rate exhibits an

upward trend as the concentration of H2O2 is elevated from
0.05 mM to 1 mM. The total degradation process is not accel-



Fig. 3 Effect of pH on malathion degradation (initial concen-

tration 10 mg/L (30.27 mM), H2O2 (1 mM), T = 25◦C) in the

presence of Mn(III) porphyrin complex (PMMA/ ST) 5 (0.14 g,

containing 50m M of Mn(III) complex 1) at (a) pH 5, (b) pH 6, (c)

pH 7, (d) pH 8 and (e) pH 9. The pH was adjusted to 5 using a

sodium acetate and acetic acid buffer mixture, and the pH was

adjusted to 6 using a sodium citrate buffer mixture. pH 7 and 8

were adjusted using potassium dihydrogen phosphate, disodium

hydrogen phosphate, and pH 9 using a borax and HCl buffer

mixture.

Fig. 4 Dependence of kobs on the concentration of Mn(III)

complex / (PMMA/ ST) 5 for malathion degradation (initial

concentration malathion 10 mg/L (30.27 mM), H2O2 (1 mM),

pH = 7 and T = 25 �C.

Fig. 5 Dependence of kobs on total H2O2 concentration for

degradation of malathion by 5. ([malathion] = 10 mg/L

(30.27 mM), Mn(III) porphyrin complex (PMMA/ ST) 5 (0.14 g,

containing 50m M of Mn(III) complex 1), pH = 7and T = 25 �C).

Fig. 6 Recycle of catalyst 4& 5 for degradation of malathion

([malathion] = 10 mg/L (30.27 mM), 50 mM Mn(III) complex,

H2O2 (1 mM), pH = 7 and T = 25◦C) after 210 min.
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erated by an additional increase in H2O2 concentration, which

establishes the rate at which the catalyst partially decomposes
(Trocha et al., 2021).

3.2.4. Recovery and reuse for polymers supported Mn (III)

complex 4 and 5 for malathion degradation

The Mn(III) complex supported on polymers 4 and 5 was
easily recycled from the reaction media by straightforward fil-
tration, rinsed numerous times with water, and utilized for
subsequent experiments. The proportion of malathion degra-

dation after five consecutive runs was shown in Fig. 6. The
recycled Mn(III) porphyrin complex supported on PMMA –
co-ST 5 has great catalytic stability. It exhibits no notable
alterations until the third run (losses of 8%), as opposed to

the Mn(III) complex supported on PMMA 4 (losses of 20%).
According to these findings, the Mn(III) complex supported

on polymer 5 can be used again for the following degrading

experiment since PMMA/ST was securely fixed on the complex
(Fang et al., 2020).

3.2.5. Identification of the degradation products

The identification of the malathion degradation products cat-
alyzed by the Mn(III) complex/(PMMA/ST) 5 with H2O2 by



Scheme 2 The outline scheme depicts the potential pathways of malathion degradation.

Fig. 7 Effect of malathion degradation product on inhibition of

E. coli bacteria with time.
Fig. 8 Changes in UV–VIS spectra of resazurin dye reduction

assay for malathion degradation products during the degradation

interval times.

Catalytic activity of Mn(III) porphyrin complex 7
GC/MS (Scheme 2) reveals that the main products observed
were malaxon (m/z 314), 2-mercapto-succinic acid diethyl ester

with (m/z 206), diethyl malate (m/z 190)and diethyl succinate
(m/z 174), which were also agreement with published elsewhere
(Kaur et al., 1997; Tony et al., 2017).

3.2.6. Bacterial toxicity of degradation products

The resazurin dye reduction assay successfully estimates the
toxicity assays for a wide range of toxic chemicals (Brouwer,

1991; Chung et al., 2013; Eker and Kargi, 2009; Strotmann
and Eglsaer, 1995). In the presence of an active bacterial cul-
ture of E. coli, the resazurin changes color from blue to pink.

If bacterial growth is inhibited, resazurin reduction does not
occur, and a sample does not alter its blue color. If the prod-
ucts of malathion degradation on the chemical test have no
inhibition effect, then the resazurin is reduced to the pink

color. Fig. 7 shows the impact of the malathion degradation
product on the inhibition of E. coli bacteria with time. A high
percentage of inhibition was observed at the beginning of the

degradation of malathion with H2O2 catalyzed by Mn(III)
complex / (PMMA/ ST) 5. Then the inhibition percent
decreased with increasing degradation time till it reached zero

inhibition after completing the degradation of malathion, and
the cell transformed to pink, similar to the control with only
E. coli. Fig. 8 illustrates the transformation of the resazurin

dye from blue to pink as a result of the degradation of
malathion using Mn(III) complex / (PMMA/ ST) 5 over time
in the presence of H2O2. The findings suggest that the degrada-

tion products of malathion do not exhibit any inhibitory
effects, thereby indicating their non-toxicity towards bacteria.

4. Conclusion

Mn(III) porphyrin complex anchored on cross linked polymers 4 and 5

show high catalytic activity for degradation of malathion in an aque-

ous solution with green oxidant H2O2. The rate constant for malathion

degradation was found to increase with increasing the pH of the reac-

tion medium, catalyst concentration, and initial concentrations of

H2O2.
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Mn(III) porphyrin complex immobilizing on polymethyl

methacrylate-co-styrene 5 showed high stability and no significant

changes till the five runs. GC/MS showed that some leading products

are utilized in corrosion inhibitors, electroplating agents, and active

pharmaceutical ingredients.

Malathion degradation products are non-toxic to bacteria, and the

blue color of resazurin dye is wholly reduced to pink color after five

hours of degradation.
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