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INTRODUCTION

A diesel power plant (PLTD) is a power plant 
that usually uses diesel engines to meet small-
scale electricity needs. The operation of PLTD 
can generate waste due to the use of fuel (gaso-
line and diesel) and lubricating oil, which can pol-
lute the environment when directly disposed of. 
Heavy metals (Cu, Cr-total, Fe, Cd, and Ni), phe-
nol, oil, and fat are believed to be present in this 
waste  (Susanto et al., 2019; Coufalík et al., 2019; 
Rumaropen et al., 2021). Heavy metals are toxic, 
difficult to break down, and easily bond with other 
substances. If heavy metals such as Cu, Pb, Mn, 
and Cr enter water bodies, they can harm aquatic 
organisms, including humans, through the food 
chain (Rahman et al., 2022). Heavy metals can be 

concentrated in fuels through refining, distillation, 
and breakdown processes present in crude oil, 
which are retained and concentrated in the result-
ing fuel. Different concentrations of heavy metal 
contaminants in crude oil cause heavy metals to 
be concentrated in the resulting fuel. The release 
of metals into the environment and atmosphere as 
oxides during their combustion can harm ecosys-
tems and humans  (Pulles et al., 2012; Akpoveta 
and Osakwe, 2014).

Previous research has discussed the utilisa-
tion of plants such as mangroves to help absorb 
heavy metals in the aquatic environment  (Mac-
Farlane et al., 2007; Analuddin et al., 2023; Yap 
and Al-Mutairi, 2023). Mangrove species such 
as Avicennia sp. and Rhizophora sp. are found 
in PLTD waters, but their area is decreasing due 
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to conversion to seaweed cultivation (Bibin and 
Ardian, 2020). The ability of mangroves to store 
large amounts of water can help reduce heavy 
metal concentrations in their tissues. Mangroves 
also serve as biological indicators and collect pol-
lutants in polluted environments (Supriyantini 
and Soenardjo, 2016). 

Bioconcentration and translocation mecha-
nisms find heavy metals in various mangrove 
tissues (roots, stems, and leaves) and sediments. 
Bioconcentration refers to the concentration of 
metals in plant tissues and sediments and the abil-
ity of plants to remove metal compounds from 
the soil or substrate. Translocation refers to the 
movement of metals between plant tissues and re-
fers to the ability of heavy metals to move from 
plant roots to other organs. Plants with biocon-
centration and translocation values (BCF and TF) 
>1 are considered bioaccumulators  (Wang et al., 
2019; Mahmudi et al., 2021; Li et al., 2023). Hu-
man activities such as industry, agriculture, and 
aquaculture affect the stability of Mangroves and 
rivers and may contribute to the transfer of heavy 
metals to seawater. To determine the role of Man-
groves in mitigating heavy metal pollution, this 
study analysed the bioconcentration and translo-
cation of heavy metals in mangrove ecosystems 
around the coastal areas of power plants.

MATERIALS AND METHODS

Study area

Three different locations (Figure 1) were se-
lected for the study in the waters of the Diesel 
Power Plant (PLTD): ponds (station 1), PLTD 
IPAL (station 2), and Jetty (station 3). These ar-
eas are characterised by different field conditions, 
where most of them are surrounded by seaweed 
farming ponds conducted by local residents, and 
there are two types of mangrove species to be stud-
ied, namely Avicennia sp. and Rhizophora sp.

Sediment and mangrove sampling

Sampling techniques in this study involve direct 
measurement in the field with the purposive sam-
pling method. Sediment samples were collected 
(three replicates in each location) from   Mangroves 
using PVC pipes at a depth of 0–30 cm from the 
surface and put into plastic samples that have been 
labeled. Next, mangrove samples (roots, stem 
bark, and leaves) of both species, Avicennia sp. 
and Rhizophora sp., were taken, cleaned, and 
cut into small pieces. Each sample of roots, 
stem bark, and old leaves was taken for about 
500 grams. All samples were brought to the 
laboratory to be dried in an oven, HNO3 and 
HClO4 added, and then heated and measured 

Figure 1. Study location
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using an acitylene air flame and analysed us-
ing an atomic absorption spectrophotometer 
(AAS) (Dudani et al., 2017; Mahmudi et al., 
2021). All samples were stored in a cool box 
and brought to the laboratory. The study area 
was subjected to tides using three environmen-
tal parameters namely temperature (31–32 °C), 
salinity (24–25 psu) and pH (7.7–7.8).

Data analysis

The laboratory analysed the data and used 
the calculation methods of bioconcentration fac-
tor (BCF) and translocation factor (TF) to analyse 
the absorption of sediment, roots, stem bark, and 
leaves of mangrove Avicennia sp. and Rhizopho-
ra sp. The bioconcentration factor describes the 
phytoaccumulation ability of plants as the ratio 
of total metal content in root plant tissue (Cp, mg/
kg) to total metal content in root soil (Cs, mg/kg). 
The calculation of plant BCF value is listed in the 
Equation (1) (Dan et al., 2017; Hallare et al., 2015; 
Mngongo et al., 2023):

 BCF = 𝐶𝐶𝑝𝑝𝐶𝐶𝑠𝑠  (1) 
 
TF = 𝐶𝐶𝑎𝑎𝐶𝐶𝑠𝑠   (2) 
 
 

 (1)

A BCF value of < 1 means that the mangrove 
is an exception category; BCF = 1 means that the 
mangrove is an indicator category; and BCF > 1 
means that the mangrove is an accumulator cat-
egory. Meanwhile, the translocation factor was 
used to calculate the ratio between heavy metal 
concentrations in leaves and roots. TF values > 
1 indicate phytoextraction, and TF values < 1 in-
dicate phytostabilization. The following equation 
Ayujawi and Takarina (2020) lists the calculations 
for the TF value of plants (mg/kg):

 

BCF = 𝐶𝐶𝑝𝑝𝐶𝐶𝑠𝑠  (1) 
 
TF = 𝐶𝐶𝑎𝑎𝐶𝐶𝑠𝑠   (2) 
 
 

 (2)

This study also employed one-way ANOVA 
statistical analysis to identify variations in met-
al concentrations in sediments at each station, 
as well as variations in metal concentrations in 
sediments containing plant tissue. Additionally, 
correlation person analysis was employed to de-
termine the relationship between environmental 
parameters and mangrove metals.

RESULTS AND DISCUSSION

Heavy metal concentration in sediments

This study analysed two types of metals (Cu 
and Cr) from mangrove sediments. Heavy metal 

concentrations of Cu ranged from 10.01–17.76 
mg/kg and Cr ranged from 13.06–20.34 mg/kg (Ta-
ble 1). The average concentrations at the three sta-
tions showed the order of Cr (13.05 ± 0.48; 15.14 
± 0.61; 20.34 ± 0.55) > Cu (10.01 ± 0.46; 13.10 ± 
0.38; 17.76 ± 0.30), which means the amount of 
Cu and Cr metals measured varied significantly 
between sampling locations at each observation 
station with a value of (Sig.) < 0,05.

This is similar to the research of Dudani et al. 
(2017), Mao et al. (2022) and Tang et al. (2022), 
which showed the concentration level of Cr > Cu in 
sediment. The absorption of Cr > Cu metals in sedi-
ments in the PLTD coastal water area suggests that 
the PLTD industrial pollution source directly con-
tributes to metal absorption. Cr is more easily bound 
to sediments compared to Cu metal, so the accumu-
lation of Cr is higher in mangroves. Moreover, Cr 
metal typically exists as Cr(III), a more stable form 
that tends to settle in the sediment, whereas Cu is 
more soluble and travels through water. The corro-
sion and wear of engine components, the combustion 
of diesel fuel, and the use of lubricants containing 
metal additives allow the PLTD to release Cu and Cr 
metals. Diesel engine operation releases these metal 
particles into the environment, with plants typically 
producing more Cr than Cu due to the higher content 
of chrome-based additives in fuels and lubricants, as 
well as the higher stability and reactivity of Cr(VI).

The coastal water area around PLTD has a sandy 
mud beach that functions as a substrate where veg-
etation grows. Organisms living in the water deposit 
heavy metals on the substrate and then absorb them. 
Pollutants continuously deposit metals into sedi-
ments, causing groundwater pollution (Mahmudi et 
al., 2021). At all research stations, Cu and Cr metal 
levels ranged from 10.01 to 20.34 mg/kg. Based on 
the ANZECC and ARMCANZ (2000) sediment 
quality standards in Batley et al. (2003), Cu metal 
content is 65–270 mg/kg and Cr is 80–370 mg/kg. 
Therefore, the levels of Cu and Cr metals did not 
exceed the quality standard limits. Remediation is 
required if the concentration of heavy metals in the 
sediment exceeds the quality standard.

Table 1. Cu and Cr metal levels in sediments

Location
Metal type (mg/kg)

Cu Cr

1 13.16 15.15

2 17.76 20.34

3 10.01 13.06
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Heavy metal concentration in mangrove

Based on the results of the study, Avicennia 
sp. and Rhizophora sp. were able to absorb Cu 
and Cr metals in the waters of PLTD (Table 2). 
Heavy metals in plant parts in all mangrove loca-
tions, namely Avicennia sp. in Cu metal, ranged 
from 25.04–42.05 mg/kg; Cr ranged from 11.78–
28.21 mg/kg; and Rhizophora sp. in Cu metal, 
ranged from 13.51–29.04 mg/kg; Cr ranged from 
21.52–58.38 mg/kg.

Table 2 displays the amounts of copper (Cu) 
found in Avicennia sp. and Rhizophora sp. man-
groves in three different locations. The amounts of 
Cu in Avicennia sp. ranged from 25.04 mg/kg to 
42.05 mg/kg, and the amounts of Cu in Rhizopho-
ra sp. ranged from 13.51 mg/kg to 29.04 mg/kg. 
The amounts of Cr in Avicennia sp. ranged from 
11.78 mg/kg to 28.21 mg/kg, and the amounts of 
Cr in Rhizophora sp. ranged from 21.52 mg/kg to 
58.38 mg/kg. The ANOVA test showed that the 
concentration of Cu and Cr metals had a signifi-
cant difference in the effect on roots, stem bark, 
and leaves, with a value of P 0.043 and P 0.013, 
respectively. Overall, research by Hossain et al. 
(2022), Sari et al. (2023), and Yap and Al-Mutairi 
(2023) indicates that Avicennia sp. tends to ac-
cumulate higher concentrations of metals like Cu 
compared to Rhizophora sp., albeit not as effec-
tively as Rhizophora sp. Furthermore, Aboulsoud 
and Elkhouly (2023) and Aken et al. (2023), have 
noted that Rhizophora sp. excels at absorbing Cr 
metal in its roots, stem bark, and leaves due to 
its physiological characteristics and adaptation to 
thrive in saline environments.

According to Dudani et al. (2017), Maharani 
et al. (2019), and Sari et al. (2023), compared to 
other plant parts, root tissue has the highest metal 

content in the order of roots > stem bark > leaves. 
The ability of each mangrove species to absorb 
metals varies depending on the species and the 
metals absorbed; an extensive root system will 
affect the absorption of metals by the roots  (Yan 
et al., 2017). The amount of metal accumulated is 
determined by differences in stem diameter, but 
when compared to leaves and fruits, stems store 
metals in tissues longer  (Yunasfi et al., 2022). 
Metal will enter the plant through its roots and 
reach its leaves. The old leaves will store the 
metal until they eventually die and fall, thereby 
lowering the concentration on the plant  (Anjaini 
et al., 2023). Avicennia sp. absorbs copper bet-
ter because its body has systems that help with 
movement and storage. Rhizophora sp., on the 
other hand, absorbs copper more because it has 
an apoplastic barrier system, which includes su-
berin in the endodermis, that lets metals enter 
directly. Studies by Thanh–Nho et al. (2019), 
Chang et al. (2023), and Titah et al. (2021) say 
that Avicennia sp. is better at absorbing Cu be-
cause it has physiological mechanisms that help 
with transportation and accumulation. On the 
other hand, Rhizophora sp. is better at absorb-
ing Cr because it has an apoplastic barrier system 
that includes suberin in the endodermis. Due to 
the direct dumping of industrial waste into the 
water pipes, the concentration of heavy metals in 
the mangrove is believed to be very high.

Bioconcentration factor and 
translocation factors 

Results of BCF and TF in mangroves Avi-
cennia sp. and Rhizophora sp. are shown in 
Table 3. Avicennia sp. and Rhizophora sp. at 
stations 1 and 2 are accumulators > 1 for Cu 

Table 2. Concentration of Cu and Cr metals in mangrove roots, stem bark, leaves
Spesies Location Roots Stem bark Leaves Total

Copper (Cu)

Avicennia sp.
1
2
3

13.32
18.43
11.46

8.38
11.16
6.35

9.14
12.46
7.23

30.84
42.05
25.04

Rhizophora sp.
1
2
3

8.53
12.54
5.74

4.23
7.18
3.53

5.17
9.32
4.24

17.93
29.04
13.51

Chromium (Cr)

Avicennia sp.
1
2
3

8.74
12.24
6.53

3.25
7.36
2.67

4.64
8.61
2.58

16.63
28.21
11.78

Rhizophora sp.
1
2
3

13.59
23.98
9.32

9.21
18.62
6.42

11.48
15.78
5.78

34.28
58.38
21.52
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(BCF 1.36–2.37) and Cr (1.1–2.87), indicating 
that they can accumulate high concentrations 
of metals in their plant tissue, even surpass-
ing their soil concentrations with phytosta-
bilization for both Cu (TF 0.61–0.68) and Cr 
(0.53–0.84). At station 3, Avicennia sp. and 
Rhizophora sp. are accumulators of more than 
one to Cu (BCF 1.35–2.5), except for Avicenna 
sp., which is an excluder of less than one for 
Cr metals (BCF 0.9). This indicates that these 
plants effectively prevent heavy metals from 
entering the top areas of the plants. However, 
the concentration of metal around the incinera-
tor remains high due to phytoestabilization for 
both Cu (TF 0.63–0.74) and Cr (0.40–0.62).

In their research, Takarina and Pin (2017) and 
Usman et al. (2013), found that the Avicennia sp. 
plant, with a value of BCF > 1, was highly efficient in 
separating the metals Cu and Cr. Furthermore, 

according to Wu et al. (2023) and Yap and 
Al-Mutairi (2023), BCF Cr Rhizophora sp. is 
much more effective in reducing the mobility 
of Cr through the roots. On the other hand, Avi-
cennia sp. is less able to absorb Cr and more 
consistently shows phytostabilizing properties 
(TF < 1) for Cu and CR. This is the process 
that plants use to change pollutants in the soil 
into non-toxic compounds without taking the 
pollutants into their own bodies.

Chen et al. (2005), Haque et al. (2008) 
and Kaewtubtim et al. (2016), concluded that 
different types of plants also have different 
physiology and different translocation poten-
tial. High concentrations of metals in the roots 
combined with TF values < 1 indicate the 
plant’s potential for balanced metal transloca-
tion. Researchers have identified species like 
Rhizophora apiculata and Rhizofora mucronata 

Table 3. BCF and TF Cu and Cr on mangrove Avicennia sp. and Rhizophora sp.

Mangrove Location
BCF TF

Cu Cr Cu Cr

Avicennia sp. 1 2.34 1.1 0.69 0.53

Rhizophora sp. 1 1.36 2.26 0.61 0.84

Avicennia sp. 2 2.37 1.39 0.68 0.70

Rhizophora sp. 2 1.64 2.87 0.74 0.66

Avicennia sp. 3 2.5 0.9 0.63 0.40

Rhizophora sp. 3 1.35 1.65 0.74 0.62

Table 4. Comparison of heavy metal concentrations in mangrove areas around the world
Mangrove 
species BCF TF Location Reference

Rhizophora 
apiculata

Cd (0.10; 0.01; 0.123); Zn 
(0.53; 0.39; 0.71)

Cd (0.85; 0.11); Zn (0.75; 
0.55)

Segara Anakan 
Lagoon, Indonesia [Hilmi et al., 2023]

Rhizophora 
mucronata

Pb (29.92; 33.27; 38.65; 
59.31); Cr (24.66; 25.64; 

42.93; 28.45)

Pb (leaf 0.59; 0.80; 0.87; 
0.82; steam 0.83; 0.94; 

0.89; 0.80); Cr (leaf 0.69; 
0.60; 0.43; 0.67; steam 

0.90; 0.77; 0.84)

Sei Carang, 
Wacopek, dan 
Senggarang, 

Indonesia

[Azizah et al., 2021]

Rhizophora 
stylosa

Co (0.01; 0.06; 0.20); Cu 
(0.52; 0.86; 1.51); Fe (0.01; 
0.09; 0.06); Mn (0.20; 0.05; 
0.04); Ni (0.02; 0.12; 0.25); 

Zn (0.16; 0.48; 0.58)

Co (0.03); Cu (0.56); Fe 
(0.06); Mn (4.08); Ni (0.13); 

Zn (0.34)
New Caledonia [Marchand et al., 2016]

Avicennia sp.
Cu (0.261; 0.877; 0.231; 
0.529); Zn (0.57; 0.482; 

0.296; 0.275)

Cu (3.356; 2.291); Zn 
(0.846; 0.930)

Blanakan Riparian, 
Subang [Ayujawi and Takarina, 2020]

Avicennia 
marina

Cd (0.71; 1.1; 1.19; 1.9; 
0.77); Pb (1.09; 1.06; 1.25; 
1.19; 1.24); Cu (0.36; 0.35; 

0.3; 0.28; 0.45); Zn (0.3; 
0.68; 0.35; 0.37; 0.73)

Cd (0.92; 1.42; 1.54; 2.46); 
Pb (1.01; 0.88;0.86; 0.96); 
Cu (0.8; 0.77; 0.67; 0.62); 
Zn (0.41; 0.93; 0.48; 0.51)

Southeast coast of 
India [Arumugam et al., 2018]

Avicennia 
alba

Pb (0.746; 0.926; 0.914; 
0.768; 0.735); Cr (0.83; 

0.32)

Pb (0.773; 0.797; 0.838; 
0.783; 0.756; 0.730)

Bee Jay Bakau 
Resort, Indonesia

[Mahmudi et al., 2021; Titah 
et al., 2021]
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as efficient metal accumulators of Cu, Pb, Ni, 
Mo, Cr, and others in their roots, stem brak, and 
leaves, indicating their potential for phitore-
mediation and metal biomonitoring  (Yap and 
Al-Mutairi, 2023). In addition, the distribution 
and grouping of heavy metal accumulations in   
Mangroves indicate variations between different 
species. We highlighted Rhizophora mucronata, 
Avicennia marina, and Sonneratia alba due to 
their specific heavy-metal accumulation capa-
bilities  (Yunasfi et al., 2022).

CONCLUSIONS

The results of the calculation of the bioconcen-
tration factor and translocation factor values of Cu 
and Cr on mangroves Avicennia sp. and Rhizophora 
sp. at the three stations are in the accumulator cat-
egory (BCF > 1), meaning that plants can hoard high 
concentrations of metals in their plant tissues even 
exceeding concentrations in the soil, except in Avi-
cennia sp. for Cr metal as an excluder < 1 (BCF 0.9) 
which means that plants effectively prevent heavy 
metals from entering the upper area of the plant, but 
metal concentrations around the roots are still high 
and with phytostabilization values (TF < 1) for Avi-
cennia sp. and Rhizophora sp. on Cu and Cr means 
that the process carried out by plants to transform 
pollutants in the soil into non-toxic compounds with-
out absorbing the pollutants into the plant body. The 
results of the transformation of these pollutants re-
main in the soil of the plant to stabilize pollutants in 
the soil, thus making heavy metals harmless.

Acknowledgments

The authors would like to thank one of the die-
sel power plant in Sulawesi Selatan, Indonesia for 
allowing the research to be conducted at the site, 
and the entire academic community of the Envi-
ronmental Management Study Program, Gradute 
School, Hasanuddin University, Makassar, Indo-
nesia for guiding and facilitating this research.

REFERENCES

1. Aboulsoud, Y.I.E., Elkhouly, A.A. 2023. Evaluation 
potentiality of Rhizophora mucronata plantation for 
pollutants remediation on the Red Sea Coast, Egypt. 
SN Applied Sciences, 5(7). https://doi.org/10.1007/
s42452-023-05396-7

2. Aken, I.A., Okanga-Guay, M., Abaker, M., Du-
mont, E., Boubala, S.D.M., Ngombi-Pemba, L., 
Nieguitsila, A. 2023. Allometric equation for aerial 
carbon estimation (AGC) of Rhizophora racemosa 
and Avicennia germinans   Mangroves of olende and 
ozouri in the Ogooué Delta in Gabon. East African 
Journal of Forestry and Agroforestry, 6(1), 148–162. 
https://doi.org/10.37284/eajfa.6.1.1228

3. Akpoveta, O., Osakwe, S. 2014. Determination of 
heavy metal contents in refined petroleum products. 
IOSR Journal of Applied Chemistry, 7(6), 01–02. 
https://doi.org/10.9790/5736-07610102

4. Analuddin, K., Armid, A., Ruslin, R., Sharma, S., 
Ode Kadidae, L., Ode Muhammad Yasir Haya, L., 
Septiana, A., Rahim, S., McKenzie, R.A., La Fua, 
J. 2023. The carrying capacity of estuarine   Man-
groves in maintaining the coastal urban environ-
mental health of Southeast Sulawesi, Indonesia. 
Egyptian Journal of Aquatic Research, 49, 327–338. 
https://doi.org/10.1016/j.ejar.2023.03.002

5. Anjaini, J., Simangunson, T., Wijaya, R. 2023.   
Mangroves as indicators of heavy metal pollution 
in waters. 1(2017), 6–9.

6. Arumugam, G., Rajendran, R., Ganesan, A., Sethu, 
R. 2018. Bioaccumulation and translocation of 
heavy metals in mangrove rhizosphere sediments 
to tissues of Avicenia marina – A field study from 
tropical mangrove forest. Environmental Nanotech-
nology, Monitoring and Management, 10, 272–279. 
https://doi.org/10.1016/j.enmm.2018.07.005

7. Ayujawi, S.A., Takarina, N.D. 2020. Bioaccumu-
lation of heavy metal in Avicennia sp. from Bla-
nakan Riparian, Subang, West Java. IOP Conference 
Series: Earth and Environmental Science, 550(1). 
https://doi.org/10.1088/1755-1315/550/1/012008

8. Azizah, D., Hamidy, R., Mubarak, M., Efriyeldi, E. 
2021. Phytoaccumulation of heavy metals Pb and 
Cr in Rhizophora mucronata around Former Bauxite 
Mine Area, Bintan Island. Indonesian Environmen-
tal Dynamics, 8(2), 147. https://doi.org/10.31258/
dli.8.2.p.147-153. In Indonesian.

9. Batley, G.., Humphrey, C., Apte, S., Stauber, J. 
2003. A guide to the application of the water qual-
ity guidelines in the minerals industry a guide to 
the application of the anzecc/armcanz water quality 
guidelines in the (issue September).

10. Bibin, M., Ardian, A. 2020. Development of man-
grove tourism potential through mangrove plant-
ing activities in the Suppa Coastal Area. Journal of 
Tourism Empowerment, 2(1), 36–41. (in Indonesia)

11. Chang, L.F., Fei, J., Wang, Y.S., Ma, X.Y., Zhao, 
Y., Cheng, H. 2023. Comparative analysis of Cd 
uptake and tolerance in two mangrove species (Avi-
cennia marina and Rhizophora stylosa) with dis-
tinct apoplast barriers. Plants, 12(22). https://doi.
org/10.3390/plants12223786



229

Ecological Engineering & Environmental Technology 2024, 25(9), 223–230

12. Coufalík, P., Matoušek, T., Křůmal, K., Vojtíšek-
Lom, M., Beránek, V., Mikuška, P. 2019. Content of 
metals in emissions from gasoline, diesel, and alter-
native mixed biofuels. Environmental Science and 
Pollution Research, 26(28), 29012–29019. https://
doi.org/10.1007/s11356-019-06144-4

13. Dan, A., Oka, M., Fujii, Y., Soda, S., Ishigaki, T., 
Machimura, T., Ike, M. 2017. Removal of heavy 
metals from synthetic landfill leachate in lab-scale 
vertical flow constructed wetlands. Science of the 
Total Environment, 584–585, 742–750. https://doi.
org/10.1016/j.scitotenv.2017.01.112

14. Dudani, S.N., Lakhmapurkar, J., Gavali, D., Patel, 
T. 2017. Heavy metal accumulation in the mangrove 
ecosystem of Fouth Gujarat Coast, India. Turkish 
Journal of Fisheries and Aquatic Sciences, 17(1), 
755–766. https://doi.org/10.4194/1303-2712-v17

15. Hallare, A.V., Santos, A.L., Uy, M.N.A.R., Macabeo, 
A.P.G. 2015. Avicennia marina (Forssk) Vierh. as 
phytoaccumulator of sediment heavy metals in the 
Las Piñas - Parañaque critical Habitat and Ecotourism 
Area (Philippines). Research Journal of Pharmaceuti-
cal, Biological and Chemical Sciences, 6(2), 392–398.

16. Hilmi, E., Prayogo, N.A., Junaidi, T., Mahdiana, A., 
Fikriyya, N. 2023. Adaptive pattern of mangrove 
species and the mangrove landscaping in the heavy 
metal polluted area of Eastern Segara Anakan La-
goon, Indonesia. Biodiversitas, 24(5), 2927–2937. 
https://doi.org/10.13057/biodiv/d240548

17. Hossain, M.B., Masum, Z., Rahman, M.S., Yu, 
J., Noman, M.A., Jolly, Y.N., Begum, B.A., Pa-
ray, B.A., Arai, T. 2022. Heavy metal accumula-
tion and phytoremediation potentiality of some 
selected mangrove species from the World’s Larg-
est Mangrove Forest. Biology, 11(8). https://doi.
org/10.3390/biology11081144

18. Kaewtubtim, P., Meeinkuirt, W., Seepom, S., Pich-
tel, J. 2016. Heavy metal phytoremediation potential 
of plant species in a Mangrove Ecosystem in Pattani 
Bay, Thailand. 14(January), 367–382. https://doi.
org/10.15666/aeer/1401

19. Li, Q., Han, Z., Tian, Y., Xiao, H., Yang, M. 2023. 
Risk assessment of heavy metal in farmlands and 
crops near Pb–Zn mine tailing ponds in Niujiao-
tang, China. Toxics, 11(2). https://doi.org/10.3390/
toxics11020106

20. Li, R., Chai, M., Qiu, G. Y. 2016. Distribution, frac-
tion, and ecological assessment of heavy metals in 
sediment-plant system in mangrove forest, South 
China Sea. PLoS ONE, 11(1), 1–15. https://doi.
org/10.1371/journal.pone.0147308

21. MacFarlane, G.R., Koller, C.E., Blomberg, S.P. 
2007. Accumulation and partitioning of heavy met-
als in   Mangroves: A synthesis of field-based stud-
ies. Chemosphere, 69(9), 1454–1464. https://doi.
org/10.1016/j.chemosphere.2007.04.059

22. Maharani, M.D.K., Asus, M.S.H., Muhammad, 
M. 2019. Accumulation of heavy metals lead (Pb) 
and copper (Cu) in mangrove area of Avicen-
nia marina in Manyar Subdistrict, Gresik Dis-
trict, East Java. Research Journal of Life Sci-
ence, 6(2), 104–113. https://doi.org/10.21776/
ub.rjls.2019.006.02.4. (In Indonesian).

23. Mahmudi, M., Adzim, A., Fitri, D.H., Lusiana, 
E.D., Buwono, N.R., Arsad, S., Musa, M. 2021. 
Performance of Avicennia alba and Rhizopho-
ra mucronata as lead bioaccumulator in Bee 
Jay Bakau Resort, Indonesia. Journal of Eco-
logical Engineering, 22(2), 169–177. https://doi.
org/10.12911/22998993/131032. In Indonesia.

24. Mao, C., Du, S., Zhang, G., Wang, Y., Rao, W. 
2022. Spatial distribution and ecological risk as-
sessment of heavy metals in the Sediment of a 
Tropical Mangrove Wetland on Hainan Island, 
China. Water (Switzerland), 14(22). https://doi.
org/10.3390/w14223785

25. Marchand, C., Fernandez, J.M., Moreton, B. 2016. 
Trace metal geochemistry in mangrove sediments 
and their transfer to mangrove plants (New Caledo-
nia). Science of the Total Environment, 562, 216–
227. https://doi.org/10.1016/j.scitotenv.2016.03.206

26. Mngongo, M.E., Mshora, A.M., Msigwa, C., Ko-
manya, A., Shimo, S. 2023. Bio-concentration 
and translocation of chromium in soil-plant sys-
tem: Health risks in Usangu agro-ecosystem. Case 
Studies in Chemical and Environmental Engineer-
ing, 8(May), 100398. https://doi.org/10.1016/j.
cscee.2023.100398

27. Pulles, T., Denier van der Gon, H., Appelman, W., 
Verheul, M. 2012. Emission factors for heavy metals 
from diesel and petrol used in European vehicles. 
Atmospheric Environment, 61, 641–651. https://
doi.org/10.1016/j.atmosenv.2012.07.022

28. Rahman, A., Haeruddin, Ghofar, A. 2022. Sedi-
ment organic carbon and heavy metal concen-
trations in Garang River and West Flood Canal, 
Semarang. JFMR-Journal of Fisheries and Ma-
rine Research, 6(3). https://doi.org/10.21776/
ub.jfmr.2022.006.03.3. (In Indonesian).

29. Rumaropen, L., Bertha, M., Muhammad, F.I. 
2021. Potential of chitosan from shell waste of 
penaeus monodon shrimp from bintuni as bio-
sorbent of organic waste and heavy metal in liq-
uid waste of PLTD Manokwari. Jurnal Natural, 
17(1), 18–25.(In Indonesian).

30. Sari, S. H. J., Yona, D., Vidayanti, V., Rama-
dhan, F. 2023. Effectivity of bioaccumulation 
and translocation of heavy metals (Cd, Zn, and 
Pb) in Avicennia Marina Growing At Wonorejo 
Mangrove Ecosystem, East Surabaya. Journal of 
Enviromental Engineering and Sustainable Tech-
nology, 10(2), 104–111. https://doi.org/10.21776/



230

Ecological Engineering & Environmental Technology 2024, 25(9), 223–230

ub.jeest.2023.010.02.7. (In Indonesian).
31. Sukono, G.A.B., Hikmawan, F.R., Evitasari, E., Sa-

triawan, D. 2020. Phytoremediation mechanisms: A 
Review. Journal of Environmental Pollution Control 
(JPPL), 2(2), 40–47. https://doi.org/10.35970/jppl.
v2i2.360. (In Indonesian).

32. Supriyantini, E., Soenardjo, N. 2016. Heavy metal 
content of lead (Pb) and copper (Cu) in roots and 
fruits of mangrove Avicennia marina in the waters 
of Tanjung Emas Semarang. Journal of Tropical 
Marine, 18(2), 98–106. https://doi.org/10.14710/
jkt.v18i2.520. (In Indonesian).

33. Susanto, I., Sunanda, W., Kurniawan, R. 2019. 
Analysis of diesel power plant on Celagen Island. 
Proceedings of the National Seminar on Research 
& Community Service, 122–126. (In Indonesian)

34. Takarina, N.D., Pin, T.G. 2017. Bioconcentra-
tion factor (BCF) and translocation factor (TF) of 
heavy metals in Mangrove Trees of Blanakan Fish 
Farm. Makara Journal of Science, 21(2). https://doi.
org/10.7454/mss.v21i2.7308

35. Thanh-Nho, N., Marchand, C., Strady, E., Huu-
Phat, N., Nhu-Trang, T.T. 2019. Bioaccumulation 
of some trace elements in tropical mangrove plants 
and snails (Can Gio, Vietnam). Environmental Pol-
lution, 248, 635–645. https://doi.org/10.1016/j.
envpol.2019.02.041

36. Titah, H.S., Pratikno, H., Harnani, B.R.D. 2021. 
Uptake of copper and chromium by Avicennia 
marina and Avicennia alba at Wonorejo Estuary, 
East-coastal area of Surabaya, Indonesia. Regional 
Studies in Marine Science, 47, 101943. https://doi.
org/10.1016/j.rsma.2021.101943. In Indonesia.

37. Usman, A.R.A., Alkredaa, R.S., Al-Wabel, M.I. 
2013. Heavy metal contamination in sediments and   

Mangroves from the coast of Red Sea: Avicennia 
marina as potential metal bioaccumulator. Ecotox-
icology and Environmental Safety, 97, 263–270. 
https://doi.org/10.1016/j.ecoenv.2013.08.009

38. Wang, J., Wang, P., Zhao, Z., Huo, Y. 2021. Uptake 
and concentration of heavy metals in dominant man-
grove species from Hainan Island, South China. En-
vironmental Geochemistry and Health, 43(4), 1703–
1714. https://doi.org/10.1007/s10653-020-00717-w

39. Wang, Z., Liu, X., Qin, H. 2019. Bioconcentration 
and translocation of heavy metals in the soil-plants 
system in Machangqing copper mine, Yunnan Prov-
ince, China. Journal of Geochemical Exploration, 
200(February), 159–166. https://doi.org/10.1016/j.
gexplo.2019.02.005

40. Wu, Z., Shang, X., Liu, G., Xie, Y. 2023. Compara-
tive analysis of flavonoids, polyphenols and vola-
tiles in roots, stems and leaves of five   Mangroves. 
PeerJ, 11, 1–24. https://doi.org/10.7717/peerj.15529

41. Yan, Z., Sun, X., Xu, Y., Zhang, Q., Li, X. 2017. 
Accumulation and tolerance of   Mangroves to 
heavy metals: A review. Current Pollution Re-
ports, 3(4), 302–317. https://doi.org/10.1007/
s40726-017-0066-4

42. Yap, C.K., Al-Mutairi, K.A. 2023. Potentially toxic 
metals in the tropical Mangrove Non-Salt Secreting 
Rhizophora apiculata: A field-based biomonitoring 
study and Phytoremediation Potentials. Forests, 
14(2), 1–26. https://doi.org/10.3390/f14020237

43. Yunasfi, Leidonald, R., Dalimunthe, A., Rakesya, N. 
2022. Rhizophora apiculata on copper and lead heavy 
metal substances and their effect on water quality in 
Belawan. IOP Conference Series: Earth and Environ-
mental Science, 995(1). https://doi.org/10.1088/1755-
1315/995/1/012043. (In Indonesian)


