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Abstract

Diazinon is an organophosphate insecticide widely used in agriculture. Its
persistence and toxicity in aquatic environments pose significant risks to both
ecosystems and public health. Recently, biodegradation has emerged as an
effective and sustainable method for pollutant removal. In this study, the
potential for aerobic granule formation from diazinon-adapted activated sludge
was evaluated in a sequencing batch reactor. During the adaptation phase, a
reactor with a working volume of 1200 mL was inoculated with activated sludge.
Initially, glucose was used as the carbon source, which was gradually replaced
with diazinon. After 11 weeks, diazinon with a COD concentration of 300 mg/L
was used as the sole carbon source. The entire adaptation period, considering the
removal of carbon, nitrogen, and phosphorus, lasted 14 weeks. Subsequently,
aerobic granule formation was carried out in an SBR with a working volume of
0.8 L, operated in 6-hour cycles for 60 days at ambient temperature and pH=
7+ 0.2 (adjusted using sulfuric acid and sodium hydroxide). Aeration and mixing
were provided by an air pump at a velocity of 5 cm/s. During the adaptation
phase, a removal efficiency of 72.33% was achieved at an influent concentration
of 300 mg COD/L. After granule formation, the removal efficiency increased to
94.33% under the same conditions. Brown-colored aerobic granules up to 3 mm
in diameter formed, with an SVI3¢/SVIs ratio of 0.96. The protein-to-
polysaccharide (PN/PS) ratio reached 1.64, indicating good structural cohesion.
The results of this study indicate that aerobic granules derived from activated
sludge, adapted to diazinon, have a high potential for the biological removal of
this pollutant. These findings can serve as an effective and sustainable solution
for treating diazinon-contaminated wastewater on an industrial scale and for
reducing the environmental impacts of this toxin in water resources.
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Investigation of the biodegradation of diazinon by ...

1. Introduction

Human exposure  to pesticides like
organophosphate  diazinon, known for its
neurotoxicity via acetylcholinesterase inhibition,
poses significant health risks-even at trace levels-
in water (Dargahi et al., 2019; Pirsaheb et al.,
2014; Samarghandi et al., 2019). Diazinon,
moderately hazardous per the World Health
Organization and persistent in urban waters, has
traditionally been removed by physical and
chemical methods (Drufovka et al., 2008; Xu et
al., 2013).

Recently, aerobic granular sludge® in
sequencing batch reactors® has shown promise for
efficient, resilient biological removal of such
pollutants alongside simultaneous nutrient
removal (Chen et al., 2024; Truong and Bui,
2023; Desireddy et al., 2022). Microbial
adaptation in these systems enhances contaminant
degradation under stress, supported by Ca?* and
Mg?* for granule stability (Kang et al., 2024; Guo
et al., 2022; Liu et al., 2010). This study
developed a stepwise adaptation replacing
glucose with diazinon to cultivate robust biomass,
with AGS evaluated for biomass concentration,
settling ability, EPS content, and COD removal
efficiency at ambient temperature and pH=710.2,
providing valuable insights for optimizing
organophosphate wastewater treatment.

2. Materials and methods

2.1. Seed sludge and materials

Diazinon (98% purity) was sourced from Tif Sabz
Company, and other chemicals (99% purity) from
Merck, Germany. Activated sludge* was collected
from the secondary clarifier of the Aria Hospital
wastewater treatment plant in Rasht. All
experiments were conducted at ambient
temperature, pH=7+0.2, and dissolved oxygen of
2 mg/L.

2.2. Adaptation phase

AS with a mixed liquor suspended solids
concentration of 4.18 g/L and a Mixed Liquor
Volatile Suspended Solids®/MLSS ratio of 0.7
was introduced into an SBR with a 1200 mL
working volume. Glucose was initially used as
the carbon source and gradually replaced by
diazinon, which became the sole carbon source
after 11 weeks, completing a 14-week adaptation
period. The nutrient ratio of C:N:P was
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maintained at 100:5:1. Hydraulic retention time’
was set at 48 hours, settling time at 1 hour, with a
50% exchange volume.

2.3. Granulation phase

A 0.8 L cylindrical SBR was used to form AGS,
inoculated with diazinon-adapted AS (MLVSS 3
g/L). Synthetic wastewater with glucose, Ca?",
and Mg?* was fed in 6-hour cycles. Settling time
was gradually shortened and aeration time
increased to promote granulation, improving
selection of fast-settling microbes, biomass
density, and system stability.

2.4. Evaluation of granules for diazinon
removal

To assess diazinon removal by AGS, a period
with simultaneous feeding of diazinon and
glucose at an HRT of 48 hours was conducted to
prevent toxic shock. After 9 days, diazinon was
supplied as the sole carbon source at
concentrations matching the adaptation phase to
enable comparison of pollutant removal between
granules and AS.

2.5. Analytical methods

COD, pH, MLSS, MLVSS, and sludge volume
index?®  were regularly measured following
standard procedures (APHA, 2005). Extracellular
polymeric  substances’ from granules was
extracted ultrasonically (Felz et al., 2016) and
polysaccharides'® and proteins™ were quantified
using phenol-sulfuric acid (Dubois et al., 2002)
and Bradford assays (Kielkopf et al., 2020). Total
EPS was calculated by summing protein and
polysaccharide contents.

3. Results and discussion

3.1. Adaptation process

Diazinon concentration was gradually increased
from 25 to 300 mg COD/L over 14 weeks to
avoid toxic shock. Early toxicity caused
decreased COD removal despite rising MLSS,
with a critical toxicity threshold between 100-150
mg COD/L. Eventually, microbial adaptation
stabilized COD removal (72.33%) and MLSS
growth up to 6340 mg/L as glucose was fully
replaced by diazinon (Fig. 1). Compared to prior

research, this biological method achieved
satisfactory ~ diazinon removal at higher
concentrations, while advanced oxidation

methods excelled only at lower levels (Toolabi et
al., 2018).
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Fig. 1. a) Changes in COD and b) MLSS concentrations in relation to changes in diazinon COD
concentration at ambient temperature and pH=7+0.2

3.2. Granulation process

The feeding cycle in granulation was 6 hours, and
settling time was gradually reduced from 10 to 5,
then to 1 minute to select particles with better
settling and wash out poorly settling sludge.
These changes promoted formation of dense,
larger AGS. SVl and SVIs indices were used to
evaluate granule quality, and the SV13,/SVI;s ratio
close to 1 indicated improved settling and
compact granules (Silva et al., 2022; Castellanos
et al., 2021; Shahriari and Khayati, 2024). After
60 days, significant decreases in SVlz and SVls
and an increase in SVI3/SVIs to 0.96 indicated
transition from flocculent process (Fig. 2).
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Fig. 2. Values of SV, SVIs and SVI5/SVls in

the granulation process in the aerobic bioreactor
process at ambient temperature and pH=7+0.2

3.3. EPS concentration

EPS, composed of PS, PN and other
macromolecules, is secreted by microorganisms
(Ding et al., 2015). During granulation, both EPS
quantity and the PN/PS ratio increased, reflecting
higher PN growth compared to PS and enhanced
granule formation. The increase in hydrophobic
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PN improved granule stability and structural
strength (De Sousa Rollemberg et al., 2022; Xu et
al., 2025). The PN/PS ratio of about 1.64 in this
study highlighted PN’s key role in maintaining
granule stability and balanced PS for EPS matrix
formation. The values of PN, PS and PN/PS are
given in Table 1.

Table 1. PN, PS, PN/PS and EPS content in AS
and aerobic granules

76

EPS (mg/g MLVSS)

System—Eps — Ps PN PN/PS
AS 31.23+155 16+0.82 15.23+0.45 0.95
AGS 6%’;21 23.23+0.95 38.23+1.2 1.64
3.4. Diazinon removal by AGS

AGS  adapted to increasing  diazinon
concentrations, maintaining stable removal

(94.33%) after two weeks. Their dense structure,
diverse microbes, and protective EPS (with
higher PN/PS ratio) enhanced toxin resistance and
biodegradation, resulting in better COD, nitrogen,
and phosphorus removal than AS systems due to
their structural and biological advantages.

4. Conclusion

The study demonstrated that AGS developed
from diazinon-adapted AS provide an effective
approach for removing this pollutant. Over 14
weeks of adaptation, COD removal reached
72.33%, and after 60 days, dense granules with
favorable settling rates and an SV13y/SVIs ratio of
0.96 were formed. COD removal by granules
increased to 94.33%, indicating their high
biological activity. A PN/PS ratio of 1.64
reflected structural cohesion of the granules.
Gradual carbon source replacement helped
maintain granule stability against diazinon
shocks.
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Fig. 2. a) Changes in COD and b) MLSS concentrations in relation to changes in diazinon COD concentration

at ambient temperature and pH=7%0.2
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Table 1. Process parameter values in the acclimation phase

Parameter PO,*P (mg/L) NH,4-N (mg/L) COD (mg/L)
Influent 3 15 300
Effluent 0.8+0.2 6+0.56 83.01+10

Removal percentage 70+£0.44 60+0.72 72.33£2.71

Fig. 3. a) Aerobic granules on day 14, b) A.erobic granules on day 60 of the process
at ambient temperature and pH=7%0.2
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Fig. 4. Values of SVlz, SVIs, and SVI5/SVIs in the
granulation process in the aerobic bioreactor process
at ambient temperature and pH=7+0.2
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Table 2. Content of PN, PS, PN/PS and EPS in activated sludge and aerobic granules

Bioreactor EPS (mg/g MLSS) PS (mg/g MLSS) PN (mg/g MLSS) PN/PS
Activated sludge 31.23+£1.55 16+0.82 15.23+0.45 0.95
Aerobic granules 61.46+2.34 23.23+0.95 38.23%1.2 1.64
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Fig. 5. Percentage of COD removal by aerobic granules

at ambient temperature and pH=7+0.2
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