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INTRODUCTION

Photobioreactors are a novel strategy, envi-
ronmentally and energy-friendly with broad pros-
pects and stainability for the production of renew-
able fuels, wastewater treatment, and CO

2 fixation 
(Wang et al., 2025a; Wang et al., 2025b; Yas and 
Ibrahem, 2025). These systems’ microorganisms 
depend on the light intensity, system design, hy-
drodynamics, CO

2
, temperature, pH, and nutrients 

(Razzak et al., 2024). The productivity of activat-
ed sludge systems is famous for high-quality wa-
ter (El Moussaoui, 2022) requiring limited setting 
up and operation space and low pests and odor 
(Noyola et al., 2019). However, 50 – 90% of all 
energy costs were consumed via the aeration op-
eration (Drewnowski et al., 2019). To reduce the 
cost and improve the treatment process, the bio-
logical processes in the activated sludge system 

are integrated with visible light (Yas and Ibrahem, 
2025). AS consists of a complex community of 
microorganisms containing many species of vi-
ruses, bacteria, algae, fungi, protozoa, and pro-
tists (Al-Hussieny et al., 2015). Bacteria play the 
most important role in decomposing and biologi-
cal oxidation of organic substrates, nitrification 
of ammonia, accumulation of phosphorus, and 
denitrification of nitrate and form the main con-
stituent of activated sludge (Bitton, 2011) about 
(95%) (Al-Hussieny et al., 2015). They respond 
differently to light depending on the wavelength, 
exposure period, light/dark cycle, and light inten-
sity (Razzak et al., 2024). Among these bacteria, 
are P. stutzeri, a Gram-negative bacterium, and 
L.cremoris, a Gram-positive bacterium, which
has ecological significance and a wide range of
biotechnological applications according to (Hus-
sein et al., 2022; Segundo et al., 2024).
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P. stutzeri has gained significant attention for 
its successful participation in the treatment of in-
dustrial pollutants such as uranium contamination 
remediation (Yu et al., 2022), the possibility of 
injecting it into wells to reduce the viscosity and 
density of oil, and the remediation of contaminat-
ed soil (Wei et al., 2023; Segundo et al., 2024). 
L. cremoris protects against radiation damage and 
forms biofilms with antimicrobial effects against 
ten pathogens such as Escherichia coli and Pseu-
domonas aeruginosa. The specific growth rate of 
Pseudomonas syringae was faster when exposed 
to blue LED light at (470 nm) (Kuo et al., 2012). 
Also, exposure to blue light at (410 nm) inhibited 
the formation of a membrane of Pseudomonas ae-
ruginosa at increasing intensity levels at 75.225, 
and 450 J. cm-2 (Martegani et al., 2020). Wave-
length affected pigment and biomass production 
of P. aeruginosa NR1. Biomass of P. aeruginosa 
NR1 and pigment production was increased, espe-
cially with pigment the productivity was doubled 
under appropriate light wavelength. Maximum ex-
tracellular pigment production was achieved un-
der red, blue light, and darkness. Yellow and green 
lights are appropriated for maximum intracellular 
pigment production (Rehman et al., 2020). Gram-
positive and Gram-negative species were success-
fully inactivated by LED light’s wavelength (405 
nm) (Maclean et al., 2009). Govarthanan et al., 
(2019) studied the growth of Erythrobacter spp. 
at different wavelengths of light. The growth of 
Erythrobacter spp. was optimized under blue light 
at (470 nm), and the order of bacterial growth was 
blue light > white light > green light > red light 
> yellow light > control (without treatment). Ac-
cording to Yang and Zhao (2023), visible light en-
hanced the microbial metabolic/enzymatic degra-
dation of aromatic hydrocarbon pollutants by mi-
croorganisms reaching 85% at 8 days. In addition, 
bacteria showed good hydrolytic ability of several 
insoluble active pharmaceutical substances, such 
as fluoxetine and diclofenac, reaching (88, and 
20%), respectively. Al-Shammary et al. (2020) 
found that exposed S. aureus, Pseudomonas ae-
ruginosa, and Mycobacterium fortuitum to visible 
light (405 nm) caused the most obvious killing ef-
fects at 10 min (power 230 mW) with loss of vi-
ability of ≥ 96%, while, decreased at 532, and 650 
nm by ≥ 51%, and 37%, respectively. Lipovsky 
et al. (2022) found that high-intensity visible light 
(400–800 nm) kills bacteria, while low-energy 
white light promotes bacterial proliferation. The 
toxic effect of light was due to the induction of 

reactive oxygen species (ROS) production. The 
production of ROS after blue light (400–500 nm) 
illumination was higher than red light (500–800 
nm). Blue light (415 nm) induced more ROS pro-
duction than 455 nm, which caused a reduction in 
the colony counts of S. aureus and E. coli after 
illumination with equal intensities of these two 
wavelengths. With low intensities of wavelengths 
415 and 455 nm, the proliferation of S. aureus 
increased but the viability of E. coli decreased. 
Galo et al., (2021) found that Gram-positive bac-
teria, Staphylococcus aureus, and Gram-negative, 
Pseudomonas aeruginosa exposed to blue light 
(470 nm) due to inhibition of the growth about 
75% after 24 hours at 284.90 J/cm2, 13.19 mW/
cm2 and 6 hours. However, these bacteria could 
resume growth within 48 hours after removing 
the light source. Besides that, red light (660 nm) 
did not have any inhibition with both bacteria at 
603.44 J/cm2, 27.93 mW/cm2.

This paper presents a novel technological 
method to investigate the possibility of stimula-
tion or inhabitation of P. stutzeri and L. cremoris 
isolates from activated sludge under modern con-
ditions in a tube test exposed to visible light beams 
(white, red, and blue) at an exposed time of (240, 
480, 720, 1200, and 1440 minutes) (Bertrand, 
2019; Wang et al., 2023). According to the study 
by (Mira and Hall, 2022), optical density was used 
to evaluate the growth after determining the maxi-
mum wavelength absorption by bacteria. Three 
experimental groups were used under similar 
conditions in a self-controlled and manual system 
tightly isolated from the external environment. 
The effect of the wavelengths and exposed time on 
specific growth rates was studied. The model was 
used to describe bacteria growth. Meanwhile, the 
results of the experimental data and the specific 
growth rate of bacteria were discussed.

MATERIALS 

All the glassware and Petri dishes used in 
the experiment were made by Zhejiang Bio-
land Biotechnology Co., Ltd., and Scott Duran 
manufacturer (DURAN, Germany). Tube test 
consists of colorless properties and low absorp-
tion spectra between 310 to 2200 nm. The light 
was provided via a light-emitting diode (LED) 
(Indian origin) of 50 W, 50 Hz, and 220–230 V. 
The chemical materials used in the study are dis-
played in Table 1.
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EXPERIMENTAL PROGRAM

System setup

Figure 2a shows a system designed to accli-
matize wastewater samples to obtain activated 
sludge. A plastic bucket (20 liters) was used, tight-
ly isolated from the external environment by glass 
wool. A submersible pump (8L/h) was placed at 
the bottom of the bucket to provide the required 
ventilation. The temperature was set using a heat-
er 600 W, that was automatically controlled by 
a thermostat. Figure 1 shows a laboratory-scale 
system designed for the treatment of activated 
sludge and bacteria diagnosis via light wave-
lengths. The batch reactor was designed using a 
plastic container (150L × 25W × 15H mm), with 

light transmittance of more than (95%). It was 
isolated from the surrounding environment us-
ing an aluminum cabinet (1900L × 950W × 400H 
mm) divided into several shelves. The window 
was covered with glass wool to prevent light from 
reaching an external source and maintain the tem-
perature. A variable resistor was used to regulate 
the light intensity. An automatically controlled 
heating and cooling system was created using an 
Arduino device. The required wavelengths were 
provided by light–emitting diode lamps installed 
(200 mm) away from the samples on both sides of 
the cabinet, with a 200 mm gap between the reac-
tor and the LED. An electric mixing motor (note, 
used only when taking samples for measurement) 
was installed above each reactor and connected 

Table 1. Chemicals used in this study
Chemical Concentration (g/l) Supplier

Blood Agar 50 Bhiwadi-301019, Rajasthan, India

Nutrient Agar 28 Bhiwadi-301019, Rajasthan, India

Nutrient Broth 15 Bhiwadi-301019, Rajasthan, India

Brain heart infusion (BHI) broth 34 Sisco Laboratories Pvt. Ltd., India.

Eosin-methylene blue agar 30 Model NO.CM0136 Nanjing, China

MacConkey Agar 40 Bhiwadi-301019, Rajasthan, India

Catalase (bovine liver) ----- E0026-2000-5000u, Njduly, China

Mannitol Salt Agar 30 Verna, Goa-403722, India

Oxidase ----- Verna, Goa-403722, India

Gram stain ----- Model: E0218, Nanjing, China

Normal saline solution 0.85 HG-0.9-500-B China

Gram stains ----- HiMedia Laboratories, India

Glycerin ----- Infinator Pvt Ltd, India

Figure 1. Schematic diagram of the experimental setup of activated sludge
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to a finned fan raised above the bottom of the re-
actor base (50 mm). The reactor was equipped 
with two air diffusers connected by plastic pipes 
to two pumps. Electricity energy was provided 
by a solar power system of 50 Hz and 220 volts. 
Temperature, pH, and intensity were measured by 
a thermometer (DP–1K55–796C), a digital pH 
meter (pH–280: pen type), and a digital lux me-
ter (MESTEK, LM610; 0~100000 Lux, made in 
China), respectively.

Experimental sets

The study was divided into two sets. Set 1, 
raw wastewater was collected from two positions 

to prepared of activated sludge. A system was 
designed to acclimatize the activated sludge for 
(10 days) as shown in Figure 2a. Then another 
system was designed to expose the activated 
sludge to wavelengths of light (white, red, blue) 
and control (unlit) for (5 days). This system de-
tail was shown in Figures 1, (see Figures 2b, and 
3a). At the end of (5 days) of treatment, samples 
from activated sludge were taken to isolate and 
diagnose bacteria. In set 2, diagnosed bacteria 
were inoculated into the nutrient broth in tubes. 
Test tubes were incubated in a cabinet (Figure 
3a) and exposed to LED light (white, red, blue) 
and control (unlit) for 1440 minutes (Table 2) 
(Asgari et al., 2023).

Figure 2. The photograph illustrates: a – adaption of activated sludge for 10 days (unlit), 
b – activated sludge exposed to wavelengths of light for 5 days

Figure 3. (a) Photograph of the experimental setup, (b) enlargement of the highlighted section of the photograph (a)
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Activated sludge preparation

All experimental steps were done accord-
ing to standard methods (Rice et al., 2012). Raw 
wastewater (RWW) was collected from sewage 
systems at a depth of 0.1–0.3 m) taken from Al-
Zab, and Al-Hawija cities, affiliated to Kirkuk 
Governorate. RWW was acclimated for 10 days 
under continuous feeding and aeration until the 
mixed liquor-suspended solids (MLSS) reached 
2000–3500 mg/l. Samples from MLSS were tak-
en into batches reactors with an operating volume 
of 3 liters. The pH and temperature were adjusted 
to 6.6–7.8, and 30±0.5 – 33±0.5 °C, for photobio-
reactors. These reactors were exposed to wave-
lengths (white, red, and blue light) and the control 
(unlit) for a specified time according to Table 1. 
The AS samples were obtained from a laboratory-
scale activated sludge system (aerobic butch reac-
tor) as described in (Hassuon, 2008).

Isolation and diagnosis of bacteria

Bacteria were isolated after exposing acti-
vated sludge to wavelengths of visible light for 
5 days. During the experiment required to isolate 
bacteria, (1 ml) of the activated sludge sample 
was taken from the photobioreactor and diluted 
10-5,10-10, and 10−15 by a normal saline solution 

(Figures 4a). A single colony of strains was in-
oculated onto nutrient agar. These plates were 
kept in an incubator at 37 °C for 24 hours, and 
then left at 28 °C for 5–7 days (Sam, 2021). The 
isolated bacteria were subjected to complete cul-
tural, microscopic (Model; Leica DM2000 mi-
croscope), morphological, and biochemical ex-
aminations and even the species was identified 
using the Vitek2 (Bergey, 1994; Da Silva, 2018). 
Treatment, analysis, and testing were conducted 
in laboratories of the Technical Institute Hawija, 
General Hospital Hawija, and Al-Raya Central 
Specialized, Bab Al-Muadham, Baghdad.

Pre-culture preparation

P. stutzeri, and L. remoris (Figure 5a, and 5b) 
were reactivated. Strains were grown in a sterile 
nutrient-rich (BHI) broth. Before each experi-
ment, bacteria were inoculated into normal saline 
solution (ten-fold dilutions up to a factor of 10-6), 
by spread 100 µL)by Drygalski spatula onto nutri-
ent agar to obtain a colony count of approximately 
3 × 105 CFU/ml. Plates were incubated at 37 °C 
for 24 hours (Figure 4b) (Lalucat et al., 2006; 
Alegría et al., 2013; Da Silva et al., 2018). pH was 
maintained at 7.00±0.02 (Koupaie, 2017).  Hand 
count and ImageJ software determined the num-
ber of colonies grown on plates. The number of 

Table 2. Operating parameters in the experimental
LED light Intensity, (W m-2) Wavelength, (nm) Exposure time, (min)

White, Red, Blue, and    
Control (unlit)

96±4.02, 40±4.89, 120±2.07, 
and 0.00±0.05

(620-650), (620-700), (430-
480), and (~0.0)

240, 480, 720, 960, 1200, and 
1440

Figure 4. (a) – colony-forming of AS (exposed to wavelength light at 5 days) sample inoculated on nutrient agar 
at 21 days, 21–25 °C, (×1015/ml); (b) – a pure colony of L.cremoris inoculated on nutrient agar and incubated for 

48 hours at 28 °C, at diluted: (1) ×104/ml, and (2) ×102/ml
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colony-forming units (CFU/ml) was calculated 
using Equation 1 (Da Silva et al., 2018). 

	 𝐶𝐶𝐶𝐶𝐶𝐶/𝑚𝑚𝑚𝑚 = 𝑐𝑐
𝑑𝑑·𝑣𝑣 (1) 

 

𝑢𝑢 = 𝑙𝑙𝑙𝑙𝑙𝑙2 · 𝑂𝑂𝑂𝑂1
𝑂𝑂𝑂𝑂0

· 1
𝑡𝑡  (2) 

 
 ℇ = ℎ · 𝑣𝑣 = ℎ·𝑐𝑐

𝜆𝜆  (3) 
 

	 (1)

where:	c – the number of colonies on the count 
plate; d – the dilution rate of the counted 
plate; v – the inoculated volume of this 
dilution (ml).

Rinsing procedure

The isolated P. stutzeri; and L. cremoris were 
cultured in tubes containing nutrient broth and in-
cubated at 37 °C for 24 h in aerobic conditions. 
The nutrient broth was incubated at 37 °C for 24 h 
in aerobic conditions and was inoculated via P. 
stutzeri and L. cremoris in test tubes (25 ml) using 
a pipette (100 µml) of (~3 ×105 CFU ml-1). It was 
exposed to white, red, and blue LED lights with 
control (without treatment) for 1440 minutes as 
specific parameters and values in Table 2 (Figure 
2a, and b). The procedures were performed under 
sterile conditions and bacterial cultures were incu-
bated at a temperature from 30±0.5 to 33±0.5 °C. 
Spectrophotometric measurement of developing 
turbidity at regular intervals can be used as an indi-
cation of increasing cellular mass of P. stutzeri, and 
L. cremoris and was recorded in the wavelengths 
(500, and 340 nm) in a cuvette with a path length 
of 1 cm. The concentration of bacteria was evalu-
ated at 240, 480, 720, 960, 1200, and 1440 minutes 
(as an average of three experiments). The bacteria 
strains were exposed to LED light white, red, blue, 
and control (unlit) for 1440 minutes (Pham and 
Nguyen, 2020; Asgari et al., 2023).

Analytical methods

The collection of raw wastewater samples and 
accumulation of activated sludge was done accord-
ing to the Standard Methods for Examination of 
Water and Wastewater (Rice et al., 2012). The ef-
fects of exposure to bacterial strains were evalu-
ated by optical density every (240–1440 minutes) 
(Da Silva et al. 2012). The growth of bacteria was 
estimated by measuring OD500 and OD340 for P. 
stutzeri; and L. cremoris, respectively, using a VIS 
spectrophotometer model 721. The specific growth 
rate (μ) was described through a first-order kinetic 
model (Equation 2) (Sorokin and Krauss,1958).

	

𝐶𝐶𝐶𝐶𝐶𝐶/𝑚𝑚𝑚𝑚 = 𝑐𝑐
𝑑𝑑·𝑣𝑣 (1) 

 

𝑢𝑢 = 𝑙𝑙𝑙𝑙𝑙𝑙2 · 𝑂𝑂𝑂𝑂1
𝑂𝑂𝑂𝑂0

· 1
𝑡𝑡  (2) 

 
 ℇ = ℎ · 𝑣𝑣 = ℎ·𝑐𝑐

𝜆𝜆  (3) 
 

	 (2)

where:	ODo and OD1 – optical densities (nm) at 
the beginning and end of the time (t).

Physicochemical characteristics

Table 3 presents the physicochemical char-
acteristics of the sampled raw wastewater. It was 
analyzed according to Standard Methods for Ex-
amination of Water and Wastewater, and standard 
for the Ministry of Environmental, Iraq.

RESULTS AND DISCUSSION

Results of colonies formation

Table 4 shows colonies forming on sterile nutri-
ent agar after exposing activated sludge to wave-
lengths (white, red, and blue light) with control 

Figure 5. (a) P. stutzeri; (b) L. cremoris on nutrient agar after 48 hours at 28 °C
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(unlit) for 5 days. Two serial dilutions (1010, and 
1015) were counted, while, the colonies at (105) were 
neglected because it too numerous to count. A high 
percentage of P. stutzeri and L. cremoris were ob-
served in the photobioreactor of red light (49.397, 
and 13.33%), otherwise, high inhibition occurred 
in the photobioreactor of white, and blue light (30, 
and 63.334%) relative to the control, respectively.

Result of optical density

OD
500

, and OD
340 of Gram-negative P. stutzeri 

and Gram-positive L. Cremoris, respectively, at 
different wavelengths of LED light, exposed time 

(240, 480, 720, 960, 1200, and 1440 minutes), 
and fixed intensity, are shown in Figures 6 and 7. 
One-way analysis of variance (ANOVA) revealed 
that the variation of wavelengths of light was sig-
nificant (p < 0.01) with exposed time.

Figure 6 shows all wavelengths of stimula-
tion growth of P. stutzeri at (240–1440 minutes). 
Maximum OD500 concentration was achieved un-
der white light and reached (0.4913) compared 
to control (0.2934). Following that red and blue 
light was (0.4052, and 0.2934) at 1440 minutes. 
It was noted that the optimum growth path was 
achieved with the red light. The exposure period 
(720–960 minutes) represented the exponential 

Table 3. Mean values (±standard deviation) physicochemical properties of samples
Sample
position pH EC

(mohs/cm)
Temp. 
(˚C) *

COD 
(mg/l)

BOD 
(mg/l)

TDS
(mg/l)

TSS
(mg/l)

PO4
3-

(mg/l)
NO3

-

(mg/l)
NH3

-

(mg/l)

Al-Hawija
6.156 3207.33 23.9 1720 478.5 2190 1061.33 44.467 2 20.8

±0.1405 ±130.693 ±0.509 ±180.55 ±21.5 ±277.96 ±138.123 ±20.724 ±1.471 ±11.492

Al–Zab
6.552 2133.8 22.9 1122.6 412.5 1832.2 634.4 7.962 1.887 19

±0.114 ±285.793 ±0.829 ±91.38 ±55.39 ±452.9 ±197.137 ±2.636 ±1.073 ±10.318

Note: * relevant to these tests (Table 3) only, not to treatment conditions.

Table 4. Mean values (±standard deviation) of colony-forming count after exposure activated sludge to wavelengths 
of light at 5 days

Bacteria ssp.
White light Red light Blue light Control

×1010/ml ×1015/ml ×1010/ml ×1015/ml ×1010/ml ×1015/ml ×1010/ml ×1015/ml

P. stutzeria1 16±3 0 28±6 3±2 13±2 11±1 0 0

L. cremoris2 23±3 0 18±5 0 2±1 0 43±13 1±1

Note: 1, 2 Isolated from samples from sewage systems for Al – Zab, and Al – Hawija cities, respectively.

Figure 6. OD500 of P. stutzeri exposed to LED lights with time
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growth phase of the bacteria, while control was 
between 960–1200 minutes. Finally, the results 
presented here are in agreement with several au-
thors who demonstrated the effect of blue light on 
bacterial growth (Govarthanan et al., 2019; Galo 
et al., 2022) regarding the white and red light, 
while contradicting the blue light, the reason is 
attributed to the difference in the targeted micro-
organism. The blue light (430–480 nm) was used 
due to stimulated bacteria otherwise wavelengths 
≤ 405, the latter causes cell destruction due to its 
high energy due to its proximity to ultraviolet rays 
were consistent with Kuo et al. (2012) and Mar-
tegani et al., (2020). In general, P. stutzeri growth 
was directly proportional with wavelength (that 
is, growth increases with decreasing wave energy) 
according to Equation 3 citation (Zwinkels, 2015):

	

𝐶𝐶𝐶𝐶𝐶𝐶/𝑚𝑚𝑚𝑚 = 𝑐𝑐
𝑑𝑑·𝑣𝑣 (1) 

 

𝑢𝑢 = 𝑙𝑙𝑙𝑙𝑙𝑙2 · 𝑂𝑂𝑂𝑂1
𝑂𝑂𝑂𝑂0

· 1
𝑡𝑡  (2) 

 
 ℇ = ℎ · 𝑣𝑣 = ℎ·𝑐𝑐

𝜆𝜆  (3) 
 

	 (3)

where:	ℇ – the photon’s energy; h – Planck’s con-
stant (6.626× 10-34 J·s); ʋ – the frequency 
of the wave (Hz); c – the speed of light 
(299,792,458 m/s); h×c=1239.8 (eV. 
nm); eV = 1.6022 × 10-19 (Joule).

Figure 7 shows that exposed L. cremoris 
to white and blue light led to growth inhibition 
relative to control, otherwise, red light stimu-
lated growth relative to control; maximum OD500 
reached (0.2618, 0.2902, 0.48675, 0.3986) respec-
tively, at 1440 minutes. The optimum growth was 
achieved with the red light and control (unlit). 
Also, the exponential growth phase was record-
ed between 720–960 minutes with red light and 
control, while it was achieved between 960–1200 
minutes with white and blue light. The effects of 

red and blue light were similar to those reported by 
Rehman and Dixit (2020) and Galo et al. (2021). 
The inhibitory effect of blue light was consistent 
with both (Govarthanan, et al., 2019; Martegani et 
al., 2020). This agreement indicates a high prob-
ability of inhibitory or lethal effects of L. cremoris 
within these wavelengths with varying intensity. 
But it contrasts with Kuo et al. (2012) maybe be-
cause of the type of microorganism target. The ef-
fect of white was contrary to Govarthanan et al. 
(2019) because of the low light intensity used rela-
tive to the intensity of this study.

Result of specific growth rate

Figures 8 and 9 show the relationship between 
the specific growth rate for exposed P. stutzeri 
and L. cremoris to light wavelengths (white, red, 
blue light) with time. Red light achieved a higher 
growth rate for both species of bacteria relative 
to control at the same time, it was (0.004122, and 
0.004214 min-1) compared to control (0.001579, 
and 0.002282 min-1) at (960, and 720 min), re-
spectively. In contrast, blue light achieved maxi-
mum inhibition (0.002231, and 0.001362 min-1) 
relative to control (0.001579, and 002282 min-1) 
at (≤ 480 minutes). Finally, the results of the ef-
fect of blue light presented here are not in agree-
ment with Kuo et al. (2012) because of the dif-
ferent microorganism targets, the most important 
reason was the big difference between the inten-
sity used (1.3334 Wm-2) and the intensity for this 
study (120±2.07 Wm-2). Besides that, the red light 
stimulated the growth rate, perhaps because of its 
ability to raise energy in cells due to its closeness 

Figure 7. OD340 of L. cremoris exposed to LED lights with time
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to infrared radiation. Cultivation of bacteria for 
both species required 24 hours to describe the lag, 
exponential, stationary stage. The curves for all 
wavelengths had a lag phase of ≤ 240 min. Af-
ter this time, exponential growth (log phase) was 
observed until 280 minutes, after slow-down bac-
teria growth happened. The stationary phase was 
observed after 960–1200 minutes.

STATISTICAL ANALYSIS

Statistical analysis used correlations and one-
way analysis of variance (ANOVA) significant 
differences between the levels of study using EX-
CEL version 21 at P-value <0.05.
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CONCLUSIONS

This study tested the effectiveness of vis-
ible light on bacteria performance. P. stutzeri and 
L. cremoris were treated via (white, red, and blue 
lights). All wavelengths stimulated p. stutzeri, 
and a higher growth was achieved under white 
light reached (OD

500
, 0.4913), and control (OD

500, 
0.2934) at 1440 min. Also, the red light stimulated 
L. cremoris and reached (OD340, 0.48675), and 
control (0.3986) at (1440 min). While, white and 
blue light caused inhibition of L. cremoris reached 
0.2618 and 0.2902, and control 0.3986. The spe-
cific growth rate (μ) was maximum under red light 

Figure 8. Specific growth rate (µ) of P. stutzeri with time

Figure 9. Specific growth rate (µ) of L. cremoris with time
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reach 0.004122 and 0.004214 min-1, and control 
0.001579, and 0.002282 min-1 at 960, and 720 min, 
for both species of bacteria, while, blue light due to 
inhibition reached 0.002231, and 0.001362 min-1, 
and control 0.001579, and 002282 min-1 at ≤ 480 
min-1, respectively. From the above, it is clear that 
each wavelength has a negative or positive effect 
on the growth, activity, and reproduction of bacteria 
that can be employed according to the situation to 
serve environmental applications.

REFERENCES

1.	 Alegría, Á., Delgado, S., Flórez, A. B., & Mayo, B. 
(2013). Identification, typing, and functional char-
acterization of Leuconostoc spp. strains from tradi-
tional, starter-free cheeses. Dairy Science & Tech-
nology,  93, 657–673. http://dx.doi.org/10.1007/
s13594-013-0128-3

2.	 Al-Hussieny, A. A., Obeid, S. H., Baqer, N. N., 
Hussain, S. F., & Gheni, A. (2015). The role of 
formed microorganism in sludge on processing of 
wastewater treatment. J. Life Sci, 10(10). https://
doi:10.17265/1934-7391/2015.03.003

3.	 Al-Shammary, A. A. K., Mohd Ma’amor, N. A. 
A., Chen, S. Q., Lee, K. S., & Mohd Hanafiah, K. 
(2020). Bactericidal effects of in vitro 405 nm, 530 
nm and 650 nm laser irradiation on methicillin-
resistant Staphylococcus aureus, Pseudomonas ae-
ruginosa and Mycobacterium fortuitum. Lasers in 
Dental Science, 4, 111–121. https://doi.org/10.1007/
s41547-020-00097-5

4.	 Asgari, G., Seid-Mohammadi, A., Shokoohi, R., 
Samarghandi, M. R., Daigger, G. T., Malekolka-
lami, B., & Khoshniyat, R. (2023). Exposure of the 
static magnetic fields on the microbial growth rate 
and the sludge properties in the complete-mix acti-
vated sludge process (a Lab-scale study). Microbial 
Cell Factories, 22(1), 195. https://doi.org/10.1186/
s12934-023-02207-x

5.	 Bergey, D. H. (1994). Bergey’s manual of determi-
native bacteriology. Lippincott Williams & Wilkins.

6.	 Bertrand, R. L. (2019). Lag phase is a dynamic, orga-
nized, adaptive, and evolvable period that prepares bac-
teria for cell division. Journal of bacteriology, 201(7), 
10-1128. https://doi.org/10.1128/jb.00697-18

7.	 Bitton, G. (2011). Wastewater microbiology. John 
Wiley & Sons.

8.	 Da Silva, N., Taniwaki, M. H., Junqueira, V. C., 
Silveira, N., Okazaki, M. M., & Gomes, R. A. R. 
(2018). Microbiological examination methods of 
food and water: a laboratory manual. CRC Press. 
https://doi. org/10.1201/9781315165011

9.	 Drewnowski, J., Remiszewska-Skwarek, A., 

Fudala-Ksiazek, S., Luczkiewicz, A., Kumari, S., & 
Bux, F. (2019). The evaluation of COD fractionation 
and modeling as a key factor for appropriate opti-
mization and monitoring of modern cost-effective 
activated sludge systems. Journal of Environmental 
Science and Health, Part A, 54(8), 736–744. https://
doi.org/10.1080/10934529.2019.1592531

10.	El Moussaoui, T. (2022). Studies on the activated 
sludge process crucial parameters controlling olive 
mill wastewater treatment. Science of The Total En-
vironment, 838, 156455. https://doi.org/10.1016/j.
scitotenv.2022.156455

11.	Galo, I. D. C., Prado, R. P., & Dos Santos, W. 
G. (2021). Blue and red light photoemitters as 
approach to inhibit Staphylococcus aureus and 
Pseudomonas aeruginosa growth. Brazilian Jour-
nal of Biology,  82, e231742Lipov. https://doi.
org/10.1590/1519-6984.231742

12.	Govarthanan, M., Kamala-Kannan, S., Selvankumar, 
T., Mythili, R., Srinivasan, P., & Kim, H. (2019). Ef-
fect of blue light on growth and exopolysaccharides 
production in phototrophic Rhodobacter sp. BT18 
isolated from brackish water. International journal 
of biological macromolecules, 131, 74–80. https://
doi.org/10.1016/j.ijbiomac.2019.03.049

13.	Hassuon, R. R. A, (2008). Treatment of Liquid Waste 
of Tikrit Dairy Factory Using Anaerobic filter fol-
lowed by aerobic treatment, [Thesis, Department 
of Civil Engineering, College Engineering, Tikrit 
University; not publiction.

14.	Hussein, S. A. M., Kareem, R. A., Al-Dahbi, A. 
M. H., & Birhan, M. (2022). [Retracted] Investi-
gation of the Role of Leuconostoc mesenteroides 
subsp. cremoris in Periodontitis around Abut-
ments of Fixed Prostheses.  BioMed Research 
International,  2022(1), 8790096. https://doi.
org/10.1155/2022/8790096

15.	Koupaie, E. O. H. (2017). Radio frequency sludge 
hydrolysis as an energy efficient alternative to mi-
crowave and conductive heating for advanced an-
aerobic digestion (Doctoral dissertation, UNIVER-
SITY OF BRITISH COLUMBIA (Okanagan).

16.	Kuo, F. S., Chien, Y. H., & Chen, C. J. (2012). Ef-
fects of light sources on growth and carotenoid con-
tent of photosynthetic bacteria Rhodopseudomonas 
palustris. Bioresource Technology, 113, 315–318. 
https://doi.org/10.1016/j.biortech.2012.01.087

17.	Lalucat, J., Bennasar, A., Bosch, R., García-Valdés, 
E., & Palleroni, N. J. (2006). Biology of Pseudomo-
nas stutzeri. Microbiology and molecular biology 
reviews,  70(2), 510–547. https://doi.org/10.1128/
mmbr.00047-05

18.	Maclean, M., MacGregor, S. J., Anderson, J. G., & 
Woolsey, G. (2009). Inactivation of bacterial patho-
gens following exposure to light from a 405-nano-
meter light-emitting diode array.  Applied and 



11

Ecological Engineering & Environmental Technology 2025, 26(6), 1–11

environmental microbiology,  75(7), 1932–1937. 
https://doi.org/10.1128/AEM.01892-08

19.	Martegani, E., Bolognese, F., Trivellin, N., & 
Orlandi, V. T. (2020). Effect of blue light at 410 
and 455 nm on Pseudomonas aeruginosa bio-
film. Journal of Photochemistry and Photobiology 
B: Biology, 204, 111790. https://doi.org/10.1016/j.
jphotobiol.2020.111790

20.	Mira, P., Yeh, P., & Hall, B. G. (2022). Estimat-
ing microbial population data from optical den-
sity.  PLoS One,  17(10), e0276040. https://doi.
org/10.1371/journal.pone.0276040

21.	Noyola, A., Padilla‐Rivera, A., Morgan‐Sagas-
tume, J. M., Güereca, L. P., & Hernández‐Padilla, 
F. (2012). Typology of municipal wastewater treat-
ment technologies in Latin America. Clean–Soil, 
Air, Water, 40(9), 926–932. https://doi.org/10.1002/
clen.201100707

22.	Pham, T., & Nguyen, T. (2020). A study to use 
activated sludge anaerobic combining aerobic for 
treatment of high salt seafood processing wastewa-
ter. Current Chemistry Letters, 9(2), 79-88. DOI: 
10.5267/j.ccl.2019.8.002

23.	Razzak, S. A., Bahar, K., Islam, K. O., Haniffa, 
A. K., Faruque, M. O., Hossain, S. Z., & Hossain, 
M. M. (2024). Microalgae cultivation in photobi-
oreactors: Sustainable solutions for a greener fu-
ture. Green Chemical Engineering, 5(4), 418-439.
https://doi.org/10.1016/j.gce.2023.10.004

24.	Rehman, N. N. M. A., & Dixit, P. P. (2020). Influ-
ence of light wavelengths, light intensity, tempera-
ture, and pH on biosynthesis of extracellular and 
intracellular pigment and biomass of Pseudomona-
saeruginosa NR1. Journal of King Saud University-
Science, 32(1), 745–752. https://doi.org/10.1016/j.
jksus.2019.01.004

25.	Rice, E. W., Bridgewater, L., & American Public 
Health Association (Eds.). (2012). Standard meth-
ods for the examination of water and wastewater 10. 
Washington, DC: American public health association.

26.	Sam, T. (2021). Cultivation and identification of 
filamentous bacteria from twelve wastewater treat-
ment plants in South Africa (Doctoral [phD] disser-
tation), Cape Peninsula University of Technology.

27.	Segundo, R. F., De La Cruz-Noriega, M., Cabanil-
las-Chirinos, L., Otiniano, N. M., Soto-Deza, N., 
Rojas-Villacorta, W., & De La Cruz-Cerquin, M. 
(2024). The potential use of pseudomonas stutzeri as 
a biocatalyst for the removal of heavy metals and the 
generation of bioelectricity. Fermentation, 10(2), 

113. https://doi.org/10.3390/fermentation10020113
28.	Sorokin, C., & Krauss, R. W. (1958). The effects 

of light intensity on the growth rates of green al-
gae.  Plant physiology,  33(2), 109. https://doi.
org/10.1104/pp.33.2.109

29.	Wang, M., Chen, H., Cheng, J., Wang, Y., & 
Zheng, H. (2025) a. Mechanism of molecular com-
munication and bacterial community succession 
in microalgal bacterial biofilms under different 
photoperiods.  Journal of Environmental Man-
agement,  373, 123905. https://doi.org/10.1016/j.
jenvman.2024.123905

30.	Wang, R., Yao, X., Semiat, R., & Kong, B. (2025) 
b. Development and application of a comprehen-
sive numerical simulation model for microalgal 
pneumatic photobioreactors.  Bioresource Tech-
nology,  418, 131962. https://doi.org/10.1016/j.
biortech.2024.131962

31.	Wang, S., Guo, Z., Ding, X., Li, L., Jin, Z., Zhang, 
C., & Fan, G. (2023). The Effect of Light on Ni-
trogen Removal by Microalgae-Bacteria Symbio-
sis System (MBS). Water, 15(11), 1991. https://doi.
org/10.3390/w15111991

32.	Wei, F., Xu, R., Rao, Q., Zhang, S., Ma, Z., & Ma, 
Y. (2023). Biodegradation of asphaltenes by an in-
digenous bioemulsifier-producing Pseudomonas 
stutzeri YWX-1 from shale oil in the Ordos Ba-
sin: Biochemical characterization and complete 
genome analysis. Ecotoxicology and Environmen-
tal Safety, 251, 114551. https://doi.org/10.1016/j.
ecoenv.2023.114551

33.	Yang, F., & Zhao, F. (2023). Mechanism of visible 
light enhances microbial degradation of Bisphenol 
A. Journal of Hazardous Materials, 443, 130214. 
https://doi.org/10.1016/j.jhazmat.2022.130214

34.	Yas, E. A., & Ibrahem, M. M., (2025). Stimulation 
of activated sludge biomass using artificial visible 
light.  Journal of Ecological Engineering,  26(4): 
https://doi.org/10.12911/22998993/199818

35.	Yu, Q., Yuan, Y., Feng, L., Sun, W., Lin, K., Zhang, 
J., & Peng, Q. (2022). Highly efficient immobiliza-
tion of environmental uranium contamination with 
Pseudomonas stutzeri by biosorption, biominer-
alization, and bioreduction. Journalof Hazardous 
Materials,  424, 127758.https://doi.org/10.1016/j.
jhazmat.2021.127758

36.	Zwinkels, J. (2015). Light, electromag-
netic spectrum.  Encyclopedia of Color Sci-
ence and Technology,  8071, 1–8. https://doi.
org/10.1007/978-3-642-27851-8_204-1


