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Abstract: The research aimed to measure the effectiveness of Azolla microphylla in reducing petroleum hydrocarbon 
in brackish water. A completely randomized design was used with two factors: pollutant concentration (factor A) and 
A. microphylla addition (factor B). A consisted of A1 (10 ppm), A2 (20 ppm), A3 (30 ppm), A41 (40 ppm), and A5 
(50 ppm). B consisted of B1 (50 g) and B0 (0 g of A. mycrophilla). The experimental units contained 10 L of water 
planted with fern (50 g) and control (B0). Analysis of variance shows that A. microphylla has a significant effect on the 
reduction of petroleum hydrocarbons in brackish water. The plant reduced levels of this pollutant by up to 36%. Without 
A. microphylla plants, the pollutant was decreased to 14-22% only. The pollutant reduced the leaf chlorophyll of the 
fern to 39.5%. The higher the pollutant level, the lower the chlorophyll content. 
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1. Introduction 

Petroleum hydrocarbon pollution is a significant environmental concern caused by releasing petroleum 
products into the environment, often due to spills, leaks, or improper disposal. Control of petroleum hydrocar-
bon pollution in waters has been carried out mechanically, chemically, and biologically. Effective treatment 
methods vary depending on the extent of contamination, the type of hydrocarbons involved, and the environ-
mental context. Some common treatment approaches include physical, chemical, thermal, and biological meth-
ods. Physical methods may include 1) containment and recovery using oil booms and skimmers are used to 
contain and recover free-floating hydrocarbons from water surfaces. 2) Excavation of contaminated soil can 
be excavated and removed for treatment or disposal. 3) Soil washing involves using water and/or chemical 
agents to wash out contaminants from soil. 4) Soil vapor extraction (SVE) techniques can evaporate volatile 
organic compounds from contaminated soils. 

Chemical methods may involve oxidation since some chemical oxidants (like hydrogen peroxide or potas-
sium permanganate) can break down hydrocarbons into less harmful substances. The use of surfactants can 
enhance the solubility of hydrocarbons, making them easier to extract from soils and sediments. Some chem-
ical stabilization can immobilize pollutants and reduce their bioavailability in contaminated media. Biological 
methods include bioremediation and phytoremediation. This natural process uses microorganisms to degrade 
petroleum hydrocarbons. It can occur in situ (at the contamination site) or ex situ (after removing contaminated 
material for treatment). While phytoremediation involves some plants absorbing and degrading petroleum hy-
drocarbons through their root systems, making this a sustainable option for remediation. 
  

https://creativecommons.org/licenses/by-sa/4.0/


2 Syahril Nedi et al. 
 

Dehnavi & Ebrahimipour (2022) stated that bioremediation technology is an efficient, cost-effective and 
environmentally friendly method. Bioremediation is the safest for the environment (Nedi et al. 2010). Phytore-
mediation is easy to apply by utilizing the ability of aquatic plants to control hydrocarbon petroleum pollutants. 
(Wang et al. 2017). The selection of plant types that can reduce hydrocarbon pollutants is important for con-
trolling water quality (Galal et al. 2018). 

The Mediterranean seaweed Caulerpa prolifera, in conjunction with epiphytic bacteria, exhibits resistance 
and diesel degradation capabilities, especially in moderately polluted environments, by changing the bacterial 
community structure to enhance hydrocarbon breakdown (Caronni et al. 2023, Effendi et al. 2020). Addition-
ally, water hyacinth (Eichhornia crassipes) has been shown to reduce TPH (total petroleum hydrocarbons) by 
79%, significantly improving water quality by increasing dissolved oxygen levels (Nedi et al. 2023). Similarly, 
Neptunia oleracea, has shown the ability to survive in liquid petroleum waste and reduce ammonia and sulfide 
levels, indicating its potential as a phytoremediation agent for liquid petroleum waste (Hardestyariki & Fitria 
2023). 

Earlier studies suggested that Azolla filiculoides can tolerate crude oil concentrations of up to 0.2%, with 
biodegradation rates of total aliphatic and aromatic hydrocarbons reaching up to 94% and 81%, respectively, 
at these concentrations (Kösesakal et al. 2016, Kumari et al. 2019). Further research showed that A. filiculoides 
can effectively degrade polycyclic aromatic hydrocarbons (PAHs) in freshwater contaminated with crude oil. 
The bioremediation potential of A. filiculoides is concentration-dependent, with the most effective removal 
observed at crude oil concentrations ranging from 0.05% to 0.2% (Kösesakal 2018). 

Among the various species, A. microphylla has shown particular promise due to its rapid growth, nitrogen 
fixation ability, and pollutant reduction effectiveness, making it an ideal candidate for this study. One of the 
advantages of this plant is Azolla's fast growth rate, with a doubling time of 2-5 days under optimal conditions. 
One of the advantages of this plant is Azolla's fast growth rate, with a doubling time of 2-5 days under optimal 
conditions. Increasing its utility in large-scale applications makes it a viable option for sustainable bioremedi-
ation efforts (Golzary et al. 2019). This fern absorbs large amounts of atmospheric CO2, which can be con-
verted into biomass for various applications, including biofuel production (Hamdan & Houri 2022). In addi-
tion, Azolla's ability to grow in wastewater and reduce contaminants such as NH4–N, NO3–N, PO4–P, and 
selenium further underscores its utility in environmental remediation (Miranda et al. 2016). 

Azolla filiculoides and Landoltia punctata have been used to complement each other in wastewater treat-
ment, achieving phosphate reductions of up to 93% and demonstrating their potential in treating various pol-
lutants, including hydrocarbons (Miranda et al. 2020). Other researchers report this bioremediation ability is 
further supported by the ability of A. pinnata to degrade TPH up to 92% in petroleum-polluted freshwater, 
significantly outperforming unplanted controls (Mostafa et al. 2021). Among the various species, A. micro-
phylla has shown particular promise due to its rapid growth, nitrogen fixation ability, and pollutant reduction 
effectiveness, making it an ideal candidate for this study. This study, therefore, aims to evaluate the effective-
ness of A. microphylla in reducing petroleum hydrocarbon pollutants in brackish water environments, building 
on its demonstrated potential in bioremediation applications. 

2. Methodology 

2.1. Time and place 

This experimental research was conducted from November 2023 to January 2024. Brackish water was col-
lected from the Port of Dumai, Indonesia (Figure 1). A. microphylla was taken from the Marine Biology La-
boratory, Riau University collection. Experiments and analyses of samples were carried out at PT's field labor-
atory. Lagio, Pekanbaru, Indonesia. 
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Fig. 1. Research location in Dumai City, Indonesia 
 

2.2. Research methodology 

This study used a completely randomized design (CRD) with two factors, namely factor A (concentration 
of petroleum hydrocarbon) and factor B (addition of A. mycrophilla). Factor A consists of five levels, namely 
A1 (10 ppm), A2 (20 ppm), A3 (30 ppm), A41 (40 ppm), and A5 (50 ppm). Factor B consists of 2 levels, 
namely B1 (addition of 50 g of A. microphylla) and B0 (control or without A. microphylla) (Sekhar et al. 2019). 

2.3. Research procedures 

This research consists of 3 stages, namely a) preparation stage, b) preliminary tests, and c) implementation 
of trials. a) the preparation stage includes providing all 20 L basin equipment, water checker, and portable 
chlorophyll meter type KWF YLS. Petroleum hydrocarbons are Pertamina DEX (diesel fuel with the best 
quality and low sulfur content produced by PT Pertamina Persero), seawater (salinity 3%o), and distilled water 
for dilution. b) preliminary test stage (14 days), namely a preliminary test to determine the range of petroleum 
hydrocarbon concentrations used in carrying out the test (lower threshold concentration and lower threshold 
concentration). Preliminary tests were carried out after the acclimatization process was carried out. Acclima-
tization is the adaptation process (14 days) of A. microphylla plants to the test media environment. c) test 
implementation stage. The preliminary test results determined a concentration range of 10-50 ppm as the pe-
troleum hydrocarbon concentration. A rectangular container with a volume of 20 L (30 units) was filled with 
10 L of 3 ppt salinity water, and A. mycrophilla was placed into and maintained for 14 days (Nedi et al. 2023). 
This is intended to see the effectiveness of reducing total levels of petroleum hydrocarbons by A. mycrophilla 
at different concentrations. All treatment units were repeated 3 times, and the position of each unit was placed 
randomly. The ability of A. mycrophilla to release organic compounds into the rhizosphere, such as amino 
acids and fatty acids, supports microbial communities that degrade hydrocarbons, thus enhancing the biore-
mediation process (Kösesakal 2018). This symbiotic relationship between plant and microbes contributes to 
the observed reductions in hydrocarbon concentrations. 

2.4. Measurement of TPH and chlorophyll content 

Total petroleum hydrocarbons (TPH) analysis was conducted on days 0 to 7 and 14, using the ASTM 7066-
04 method with FTIR (Fourier Transform Infra Red). Chlorophyll levels were also measured for the same 
period using the KWF YLS-A Portable Chlorophyll Meter, GJS, Germany (Nedi et al. 2023). 

2.5. Water quality measurement 

Observations of water quality parameters (temperature, pH, dissolved oxygen, and salinity) were carried 
out every day (9.00 AM) in situ using a Horiba U-52G-10 Multi-Parameter Water Quality Meter water quality 
checker (Nedi et al. 2023). 
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2.6. Data analysis 

Data from measurements of TPH, chlorophyll content of A. microphylla plant leaves, and water quality 
parameters were tabulated in tabular form and analyzed statistically through analysis of variance (ANOVA), 
regression, and correlation at a significance level of 99 and 95%. All findings were then discussed descriptively. 

3. Result and Discussion  

3.1. Reduction of petroleum hydrocarbons 

The results of this study indicate that A. microphylla influences reducing petroleum hydrocarbon levels in 
brackish water for all concentrations. The initial concentration of each experimental treatment also influenced 
the percentage reductions. The decrease continued to occur during the experiment. The average content in the 
10 ppm treatment A1B1 was lower than A1B0 both on day 7 (6.033 < 9.877) and on day 14 (3.967 < 5.410). 
The same thing also happened in the treatment with a petroleum hydrocarbon content of 20 ppm, where in ex-
perimental unit A2B1, the petroleum hydrocarbon content was lower than A2B0 both on day 7 (11.077 < 17.244) 
and day 14 (8.047 < 9.299). In the experimental unit with a petroleum hydrocarbon content of 30 ppm, the av-
erage A3B1 was lower than A3B0 both on day 7 (15.950 < 24.927) and day 14 (11.077 < 13.878). A similar 
phenomenon has been observed in treatments with 40 and 50 ppm hydrocarbon petroleum levels, both on day 
7 and day 14. More detailed data is presented in Table 1. 

 
Table 1. Reduction of petroleum hydrocarbon concentrations (ppm) by A. microphylla in brackish water 

No.   Treatments 0 days 7 days 14 days 

1. A1B1 (PH at 10 ppm with AM) 
10.000 6.130 4.000 
10.000 5.990 3.890 
10.000 5.980 4.010 

Average 10.000 6.033 3.967 
Standard of deviation 0.000 0.084 0.067 

2. A1B0 (PH at 10 ppm without AM) 
10.000 9.822 5.411 
10.000 9.986 5.387 
10.000 9.822 5.433 

Average 10.000 9.877 5.410 
Standard of deviation 0.000 0.077 0.023 

3. A2B1 (PH at 20 ppm with AM) 
20.000 11.232 8.142 
20.000 11.020 8.070 
20.000 10.980 7.930 

Average 20.000 11.077 8.047 
Standard of deviation 0.000 0.135 0.108 

4. A2B0 (PH at 20 ppm without AM) 
20.000 17.245 8.972 
20.000 16.244 9.678 
20.000 18.242 9.246 

Average 20.000 17.244 9.299 
Standard of deviation 0.000 0.999 0.356 

5. A3B1 (PH at 30 ppm with AM) 
30.000 15.821 11.032 
30.000 16.050 10.976 
30.000 15.980 11.223 

Average 30.000 15.950 11.077 
Standard of deviation 0.000 0.117 0.130 

6. A3B0 (PH at 30 ppm without AM) 
30.000 24.654 13.432 
30.000 25.142 14.214 
30.000 24.986 13.987 

Average 30.000 24.927 13.878 
Standard of deviation 0.000 0.249 0.402 

7. A4B1 (PH at 40 ppm with AM) 
40.000 18.990 15.030 
40.000 19.070 14.295 
40.000 18.696 15.020 

Average 40.000 18.919 14.782 
Standard of deviation 0.000 0.197 0.421 
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Table 1. cont. 

No.   Treatments 0 days 7 days 14 days 

8. A4B0 (PH at 40 ppm without AM) 
40.000 32.472 17.273 
40.000 32.212 16.652 
40.000 34.124 17.875 

Average 40.000 32.936 17.267 
Standard of deviation 0.000 1.037 0.612 

9. A5B1 (PH at 50 ppm with AM) 
50.000 23.000 19.050 
50.000 23.050 20.030 
50.000 22.950 20.020 

Average 50.000 23.000 19.700 
Standard of deviation 0.000 0.050 0.563 

10. A5B0 (PH at 50 ppm without AM) 
50.000 43.250 24.820 
50.000 42.870 26.110 
50.000 43.240 24.210 

Average 50.000 43.120 25.047 
Standard of deviation 0.000 0.217 0.970 

PH – petroleum hydrocarbon; AM – Azolla microphylla 
 

The decrease in petroleum hydrocarbon levels will be seen even more clearly if the data in Table 1 is con-
verted into percentages for each experimental unit. The highest remaining pollutant content was 99.9% on day 
7 of A1B0 treatment, and the lowest was in A4B1 treatment on day 14 (35.7%). The complete analysis data is 
contained in Table 2. 

 
Table 2. Reduction of petroleum hydrocarbon concentrations (%) by A. microphylla in brackish water 

No.   Treatment 0 Day 7 day 14 day 

1. A1B1 (PH at 10 ppm with AM) 
100.000 61.300 40.000 
100.000 59.900 38.900 
100.000 59.800 40.100 

Average 100.000 60.333 39.667 
Standard of deviation 0.000 0.839 0.666 

2. A1B0 (PH at 10 ppm without AM) 
100.000 98.220 54.110 
100.000 99.860 53.870 
100.000 98.220 54.330 

Average 100.000 98.767 54.103 
Standard of deviation 0.000 0.947 0.230 

3. A2B1 (PH at 20 ppm with AM) 
100.000 56.160 40.710 
100.000 55.100 40.350 
100.000 54.900 39.650 

Average 100.000 55.387 40.237 
Standard of deviation 0.000 0.677 0.539 

4. A2B0 (PH at 20 ppm without AM) 
100.000 86.225 44.860 
100.000 81.220 48.390 
100.000 91.210 46.230 

Average 100.000 86.218 46.493 
Standard of deviation 0.000 4.995 1.780 

5. A3B1 (PH at 30 ppm with AM) 
100.000 52.737 36.773 
100.000 53.500 36.587 
100.000 53.267 37.410 

Average 100.000 53.168 36.923 
Standard of deviation 0.000 0.391 0.432 

6. A3B0 (PH at 30 ppm without AM) 
100.000 82.180 44.773 
100.000 83.807 47.380 
100.000 83.287 46.623 

Average 100.000 83.091 46.259 
Standard of deviation 0.000 0.831 1.341 
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Table 2. cont. 

No.   Trearment 0 Day 7 day 14 day 

7. A4B1 (PH at 40 ppm with AM) 
100.000 47.475 37.575 
100.000 47.675 35.738 
100.000 46.740 37.550 

Average 100.000 47.297 36.954 
Standard of deviation 0.000 0.492 1.054 

8. A4B0 (PH at 40 ppm without AM) 
100.000 81.180 43.183 
100.000 80.530 41.630 
100.000 85.310 44.688 

Average 100.000 82.340 43.167 
Standard of deviation 0.000 2.593 1.529 

9. A5B1 (PH at 50 ppm with AM) 
100.000 46.000 38.100 
100.000 46.100 40.060 
100.000 45.900 40.040 

Average 100.000 46.000 39.400 
Standard of deviation 0.000 0.100 1.126 

10. A5B0 (PH at 50 ppm without AM) 
100.000 86.500 49.640 
100.000 85.740 52.220 
100.000 86.480 48.420 

Average 100.000 86.240 50.093 
Standard of deviation 0.000 0.433 1.940 

 
The results of variance analysis show that A. microphylla significantly affects the reduction of petroleum 

hydrocarbons, where the F value is greater than the F critical (9.323 > 4.413). Time exposure also has a very 
significant effect, where petroleum hydrocarbon levels decrease with time, and the statistical analysis results 
show that Fvalue is greater than Fcritc (189.389 > 3.101). Without A. microphylla, media containing petroleum 
hydrocarbon pollutants also experienced a reduction of 40.237-54.330%. Phytoremediation of petroleum hy-
drocarbons on day 7 was around 40-54%, and on day 14, there was an increase of 60-63.3%. The optimum 
reduction of petroleum hydrocarbon pollutants by A. microphylla plants occurred at a concentration of 30 ppt 
on the 14th day. Figures 2 and 3 illustrate the decreasing trends in hydrocarbon concentrations and chlorophyll 
content over time, underscoring the effectiveness of A. mycrophylla in pollutant reduction and the associated 
physiological impact. 

 

 

Fig. 2. Reduction of petroleum hydrocarbon concentrations (%) by A. microphylla in brackish water 
 

The decrease in petroleum hydrocarbon concentration is directly related to the length of the test time, which 
affects the ability of A. microphylla to absorb hydrocarbons. Apart from that, the decrease in petroleum hydro-
carbons was significantly different at each concentration, which is thought to be due to the absorption process 
by plant roots in the rhizosphere area. The ability of A. microphylla to release organic compounds into the 
rhizosphere, such as amino acids and fatty acids, supports microbial communities that degrade hydrocarbons, 
thus enhancing the bioremediation process (Kösesakal 2018). This symbiotic relationship between plants and 
microbes contributes to the observed reductions in hydrocarbon concentrations. 
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Fig. 3. Reduction of petroleum hydrocarbon concentrations (%) by A. microphylla in brackish water 
 

The ability of A.microphylla to double its biomass is important in absorbing hydrocarbons in the test media. 
Miranda et al. (2020) stated that Azolla's ability to grow quickly, doubling its biomass in 4 days is the most 
important attribute in absorbing pollutants in nature. This fern can overcome hydrocarbon pollution through 
microbes that can potentially degrade hydrocarbons (Noyo et al. 2008). 

Azolla species, such as Azolla pinnata and Azolla filiculoides, have shown promising potential in reducing 
petroleum hydrocarbons (PHs) in freshwater environments. Research indicates that A. pinnata can effectively 
phytoremediate freshwater contaminated with low levels of PHs, achieving a 92% degradation rate of total 
PHs within seven days (Mostafa et al. 2021, Parida et al. 2020). Similarly, A. filiculoides has demonstrated the 
ability to tolerate and degrade PHs, with biodegradation rates ranging from 71% to 94% for aliphatic and 
aromatic hydrocarbons at concentrations up to 0.2% in the growth medium (Kösesakal et al. 2016). Further-
more, A. filiculoides has shown efficacy in reducing 3-4 ring polycyclic aromatic hydrocarbons (PAHs) in the 
presence of crude oil, considering its potential for bioremediation in PAH-polluted freshwater areas (Kösesakal 
2018). These findings highlight the valuable role of Azolla species in the remediation of petroleum-contami-
nated water bodies. 

Azolla, a floating aquatic plant, significantly reduces petroleum hydrocarbons through its exceptional oil-
absorbing capabilities and rapid growth rate. Azolla's unique hierarchical leaf surface structure enables it to 
absorb oil contaminants at the water/air interface efficiently, showcasing remarkable oil or organic solvent 
absorption capabilities. Additionally, Azolla's rapid growth, doubling in the area every 4-5 days, position it as 
a sustainable alternative to synthetic oil-cleaning materials, making it an effective natural solution for mitigat-
ing the negative impacts of oil spills and promoting a cleaner water ecosystem (Ghulam et al. 2024). Further-
more, Azolla can be used as a biofertilizer for dryland vegetable crops, reducing the need for synthetic nitrogen 
fertilizers derived from petroleum, thus indirectly contributing to reducing petroleum hydrocarbons in agricul-
tural practices (Jama et al. 2023). 

Azolla plays a crucial role in bioremediation processes by effectively mitigating the toxic effects of pollu-
tants in various environmental settings. Studies have shown that Azolla species, such as Azolla pinnata and 
Azolla filiculoides, possess remarkable capabilities in chelating metal toxicants from water bodies (Raja-
lakshmi et al. 2923, Zazouli et al. 2023). These aquatic macrophytes exhibit strong antioxidant activity, high 
mineral content, and bioactivity against harmful bacteria, making them valuable biofiltering agents for 
wastewater treatment (Subpiramaniyam et al. 2023). Additionally, Azolla's ability to uptake, accumulate, and 
biodegrade pollutants like polycyclic aromatic hydrocarbons (PAHs) further highlights its potential for phy-
toremediation of contaminated water resources (Zazouli et al. 2023). Furthermore, Azolla's role extends be-
yond bioremediation, as it is also utilized in composting processes to enhance the quality of organic fertilizers, 
showcasing its versatility in sustainable agricultural practices (Ebrahim et al. 2024, Korsa et al. 2024). 

3.2. Chlorophyll of A.microphylla 

Chlorophyll is the main requirement for photosynthesis and an indicator of aquatic productivity. The pres-
ence of petroleum hydrocarbon pollutants in the test media can reduce the chlorophyll of A. microphylla leaves. 
This research shows that the higher the content of petroleum hydrocarbon pollutants, the lower the chlorophyll 
content of the fern leaves. The lowest chlorophyll levels were recorded in the treatment with a petroleum 
hydrocarbon concentration of 50 ppm, namely 5.300 mMole/m2 (Table 3). 
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Table 3. Chlorophyll content (mMole/m2) of A. microphylla leaves in brackish water contaminated PH 

No.   Treatments 0 day 7 day 14 day  

1. A11 (PH at 10 ppm with AM) 
7.610 7.320 7.110 
7.650 7.350 7.130  
7.600 7.300 7.070 

Average 7.620 7.323 7.103 
Standard of deviation 0.026 0.025 0.031 

2. A21 (PH at 20 ppm with AM) 
7.580 7.190 6.970 
7.600 7.200 7.000 
7.620 7.210 7.030 

Average 7.600 7.200 7.000 
Standard of deviation 0.020 0.010 0.030 

3. A31 (PH at 30 ppm with AM) 
7.570 6.790 6.590 
7.600 6.800 6.600 
7.630 6.810 6.610 

Average 7.600 6.800 6.600 
Standard of deviation 0.030 0.010 0.010 

4. A41 (PH at 40 ppm with AM) 
7.600 6.410 6.200 
7.580 6.350 6.170 
7.620 6.440 6.230 

Average 7.600 6.400 6.200 
Standard of deviation 0.020 0.046 0.030 

5. A51 (PH at 50 ppm with AM) 
7.570 5.680 5.270 
7.600 5.700 5.300 
7.630 5.720 5.330 

Average 7.600 5.700 5.300 
Standard of deviation 0.030 0.020 0.030 

6. A60 (PH at 0 ppm with AM) 
7.684 7.588 7.652 
7.652 7.731 7.721 
7.588 7.577 7.683 

Average 7.641 7.582 7.687 
Standard of deviation 0.049 0.008 0.049 

 
Chlorophyll is an important plant stress indicator and is associated with chloroplast membrane peroxidation 

(Pandey & Gupta 2015). The decrease in A. microphylla chlorophyll concentration after exposure to high con-
centrations of petroleum hydrocarbons in A4 (40 ppm) and A5 (50 ppm) was due to the high concentration of 
petroleum hydrocarbons absorbed by the plants. The response of A. microphylla to increased absorption di-
rectly affects the decrease in plant leaf chlorophyll. According to Zakari et al. (2020), generally, a decrease in 
chlorophyll content occurs due to an increase in the levels of pollutants absorbed, resulting in oxidative damage 
to leaf tissue due to disruption of the function of carotenoids in the leaves, which affects the chlorophyll content 
of the leaves resulting in changes in leaf color (Shen et al. 2018). 

Further effects when the concentration of petroleum pollutants is high can change the structure of chloro-
phyll, namely damage to the function and structure of chloroplasts so that metabolic processes cannot take 
place optimally. Chloroplasts are the organs most sensitive to pollutants (Kandasamy et al. 2021). The decrease 
in the chlorophyll content of A. microphylla leaves is caused by the increasing amount of pollutant material 
absorbed so that the absorption of other elements (Mg and Fe) that plants need for chlorophyll formation is 
reduced (Song et al. 2021). 

Differences in petroleum hydrocarbon concentrations influenced chlorophyll levels in Azolla (p < 0.05). 
The absorption of petroleum hydrocarbons caused a decrease in the plants' chlorophyll (Figures 3 and 4). In 
Figure 4, the presence of hydrocarbon petroleum pollutants causes a sharp decrease in chlorophyll on the 7th 
and 14th days. The higher the pollutant concentration, the higher the decrease in the chlorophyll content of 
A. microphylla leaves (R2 = 0.8791 and 0.8052). The maximum decrease was on the 7th to the 14th day, ranging 
from 15.8 to 18.4%. The decrease was due to the fern's absorption of petroleum hydrocarbon pollutants. 
The higher the absorption of petroleum hydrocarbon pollutants, the higher the decrease in leaf chlorophyll. 

Oil pollutants have been shown to impact chlorophyll content in vegetation significantly. Overall, these 
findings highlight the detrimental effects of oil pollutants on chlorophyll levels in plants, emphasizing the 
importance of monitoring and mitigating oil pollution to protect vegetation health and ecosystem stability. 
Studies have demonstrated that oil pollution alters the pigment content in plants, leading to changes in chlorophyll 
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levels. These findings align with Onyia et al. (2020) and Otitoju & Onwurah (2010), who observed similar 
decreases in chlorophyll in plants exposed to hydrocarbon pollutants, highlighting chlorophyll degradation as 
a common response to oil-induced stress (Baruah et al. 2014). The decrease in chlorophyll content is often 
associated with stressed vegetation, as reflected in increased reflectance at chlorophyll absorption features and 
decreased reflectance at carotenoids and anthocyanins absorption features in polluted areas (Onyia et al. 2018). 

 

 

Fig. 3. Effect of petroleum hydrocarbons on chlorophyll of A. microphylla 
 

 

Fig. 4. Effect of PH on the reduction of chlorophyll of A. microphylla during the study 
 
Oil pollutants have a significant impact on marine chlorophyll levels. Studies have shown that oil spills can 

lead to different stages of impact on aquatic environments, including the initial stage, where other pollutants' 
toxicity surpasses algae tolerance, a self-repairing stage where petroleum hydrocarbons become a carbon 
source for algal growth, and a long-term toxic affecting stage (Wang 2015). Additionally, research on the phys-
iological responses of algae to petroleum pollution revealed that Nannochloropsis oculata exhibited more tol-
erance compared to Porphyridium cruentum, with varying growth responses depending on the concentration 
of water-soluble fractions of petroleum fuels (Ezenweani & Kadiri 2023). These findings highlight the complex 
interactions between oil pollutants and marine chlorophyll levels, emphasizing the need for monitoring and 
remediation strategies to mitigate the ecological impacts of oil contamination on marine ecosystems. While 
chlorophyll reduction may affect A. mycrophylla's long-term viability in highly polluted waters, its resilience 
at lower concentrations suggests the potential for sustained phytoremediation in moderately contaminated en-
vironments. 

3.3. Water quality parameters 

Water quality parameters were monitored to ensure stable conditions suitable for A. microphylla growth, 
with measurements remaining within normal ranges throughout the experiment. The results of measuring water 
quality parameters show that the water conditions are normal. Temperature ranges from 29.9-27.0°C, pH 6.5-7.1, 
salinity around 3, and dissolved oxygen ranges from 3.2-5.0 (Table 4). 
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Table 4. Results of measuring the range of water quality parameters during the research 

Parameter Unit Results Quality Standards References 

Salinity ppt 2.9-3.0 0-5 2, 4, & 5 

Temperature oC 27.00-29.9 28-30 2, 5 

pH - 6.5-7.1 7.5-8.5 1, 3, 5 

Dissolved oxygen mg L-1 3.2-5.0 >3.0 5 

1: APHA (2008); 2: Effendi et al (2020); 3: ESFA (2012); 4: Parbo et al. (2019); 5: RMMAF (2012). 

4. Discussion 

A. microphylla significantly affects the reduction of petroleum hydrocarbons in brackish water. Adding this 
fern can reduce levels of this pollutant by up to 36.6%. These results support using A. microphylla as an envi-
ronmentally friendly phytoremediation agent in brackish water ecosystems affected by petroleum pollution. 
The observed time-dependent nature of the reduction also has a very real effect, where petroleum hydrocarbon 
levels decreased with time, including in the experimental control unit. However, in experimental control (with-
out A. microphylla), the percentage reduction of petroleum hydrocarbon pollutants was lower, namely only 
14-22%. The optimal reduction in petroleum hydrocarbons occurred in the experimental unit concentration of 
30 ppt on the 14th day. This pollutant causes stress on A. microphylla, which can be seen from decreased leaf 
chlorophyll levels. However, this plant can be relied upon as an alternative to reduce levels of petroleum hy-
drocarbon pollutants, especially in brackish water, in the future. 
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