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Abstract

This study aims to determine the content of nickel (Ni) and iron (Fe) as well as
histopathological analysis of marine fish in Obi Island waters as a bioindicator of pollution.
Besides, water quality conditions were carried out in-situ and ex-situ observations. The
parameters observed were temperature, brightness, salinity, pH, dissolved oxygen, nitrate,
orthophosphate, ammonia, iron (Fe), and nickel (Ni). The results showed the temperature range
between 26.48 °C to 27.99 °C below the quality standard or low temperature. The brightness of
the relationship between 12 m and 13 m is under quality standards. The salinity range between
31.01 ppt to 32.13 ppt below the quality standard. The pH range is from 8.6 to 8.7 in high or
alkaline conditions. Ammonia range between 0.4 mg / L to 0.7 mg / L exceeds the quality
standard. The range of nitrate between 0.009 mg / L to 0.012 mg / L exceeds the quality
standard. The range of phosphate between 0.016 mg / L to 0.019 mg / L exceeds the quality
standard. The DO range between 3.68 mg /L to 3.77 mg / L lower than the quality standard. The
metal range of 0.6 mg / L to 0.9 mg / L exceeds the quality standard. The range of Ni metal
between 0.06 mg / L to 0.09 mg / L exceeds the quality standard. Histopathological analysis
showed that the liver had a hemorrhage, degeneration of blood vessels, vacuolate degeneration,
necrosis, or cell death. The muscles experience edema, degeneration of muscle fibers, atrophy
of muscle bundles, vacuolar degeneration of muscle Bundles, hemorrhage, infiltration of
lymphocytes, and necrosis. The intestine experience infiltration of lymphocytes,
melanomacrophages, and necrosis. While P. tayenus fish ovaries showed necrosis structure
oocytes. This research can be a reference for warning of heavy metal pollution in Obi Island
waters, binding to the nature of heavy metals that can accumulate in fish tissue.
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INTRODUCTION

Industrial activities that are around
the waters will contribute to waste that
contains a lot of heavy metals (Al-Masri et

compounds. The microorganisms are
eaten by the fish so that the heavy metals
accumulate in the body tissues of the fish.
Small fish become big fish food chains and

, : eventually consumed by humans
al., 2002; Karbassi et al., 2006). One of i
the mining industry activities on Obi Island (ZBLcj)rg)men et al, 2005; Triebskorn et al.

is nickel (Ni) mining. Nickel metals are
generally associated with other heavy
metals such as copper (Cu), arsenic (As),
iron (Fe), and platinum (Pt) (Lupankwa et
al., 2004; Khan et al. 2019). This heavy

Heavy metals are not only toxic to
plants but also to animals and humans
(Baramaki et al. 2012; Parmar et al. 2016;
Maurya dan Malik 2018; Hao et al. 2019).
This is related to the properties of heavy

metal waste has a great opportunity to
enter the waters around the mining area
through the river flow (Naji et al. 2010;
Hermenean et al. 2015; Paschoalinia et al.
2019).

Materials containing heavy metals
that are wasted in the waters are eaten by
these microorganisms and chemically
transformed into  very  dangerous
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metals that are difficult to degrade, so they
are easily accumulated in the aquatic

environment and their presence is
naturally  difficult to remove, can
accumulate in aquatic biota including

shellfish, fish, and sediment, have a high
half-life in marine biota bodies and have a
value a large concentration factor in the
body of an organism. Such as iron (Fe)
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and nickel (Ni) (Askary-Sary et al. 2012;
Mansouri et al. 2012).

Fe metal is an essential metal whose
existence in a certain amount is needed by
living organisms, but in excessive amounts
can affect living organisms. The high
content of Fe metal will have an impact on
human  health including  poisoning
(vomiting), intestinal damage, premature
aging to sudden death, arthritis, birth
defects, bleeding gums, cancer, kidney
cirrhosis, constipation, diabetes, diarrhea,
dizziness, fatigue, hepatitis, hypertension,
insomnia (Youdim, 2001; Abbaspour et al.
2014; Wessling-Resnick 2017). Nickel
absorption can be through inhalation, oral,
and dermal. Health problems that arise
can be in the form of systemic disorders,

immunological disorders, neurological
disorders, reproductive disorders,
developmental disorders, carcinogenic

effects, and death (Das et al. 2019; Buxton
et al. 2019).

The method of monitoring the
pollution of a device by heavy metals has
been developed chemically, by
determining the level of each pollutant in
water or sediment. However, this
monitoring is more effective if applied in
conjunction with biological monitoring or
using living organisms (Rashed, 2001).
The use of living organisms as indicators
of pollution is called bioindicator (Authman
et al. 2015; Sweidan et al. 2015; Miedico
et al. 2016). This study aims to determine
the content of nickel (Ni) and iron (Fe) as
well as histopathological analysis of
marine fish in the waters of Obi Island,
Indonesia. The histopathological analysis
aims to see the level of tissue damage due
to the accumulation of heavy metals
(Poleksic et al., 2010; Dane dan Sigsman
2020).

MATERIALS AND METHODS

Study Area

This research was conducted in the
waters of Obi Island, South Halmahera
Regency, North Maluku, Indonesia. There
are 4 observation stations which are as
follows:
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. Stations I (Locations 1:
01022.517’S and 127033.934’E. Locations
2: 01021.428'S and 127035.553E.
Locations  3: 01020.349'S and
127037.593E)

. Stations Il (Locations 1
01028.082’S and 127025.729’E. Locations

2: 01024.798°'S and 127026.938’E.
Locations 3: 01023.835'S and
127031.228'E)

. Stations 1 (Locations 1

01036.980’S and 127023.390’E. Locations
2: 01034.469'S and 127024.342E.
Locations 3: 01031.600’S and
127024.304’E. Locations 4: 01030.246'S
and 127025.158’E).

. Stations v (Locations 1:
01039.899'S and 127024.930’E. Locations
2: 01038.984'S and 127023.885E.
Locations 3: 01038.419'S and
127023.822°E).

Water Quality Data Collection
Observation of water quality data is
done in-situ and ex-situ at each station.
Water quality parameters observed in-situ
are temperature, brightness, salinity, pH,
and dissolved oxygen. While the water
quality parameters observed ex-situ were
nitrate, orthophosphate, ammonia, iron
(Fe), and nickel (Ni). For ex-situ
observations, water samples are taken
based on the Indonesian National
Standard (SNI) (KepMenLH, 2004).

Histopathological examination

The target fish is the catch of the
fishermen at each station. Samples taken
were liver, muscle, intestine, and gonad
fish. Sample handling and
histopathological analysis follow Korun
and Timur (2008) procedures. Samples of
fish organs were fixed with 10% NBF,
dehydrated using multilevel ethanol
solution, then cleared using xylene and
embedded using paraffin. Next, the
sample was cut to a thickness of 5 ym with
a microtome and stained using
hematoxylin and eosin (H&E).


http://ejournal.unsrat.ac.id/index.php/platax

Aris

RESULTS AND DISCUSSION

Water quality parameters

Temperature is one of the most
important factors in regulating life
processes and the spread of organisms in
waters. Water temperature controls the
condition of aquatic ecosystems. The
increase in temperature causes an
increase in the decomposition of organic
matter by microbes (Osman dan Kloas,
2010). The results of temperature
observations obtained that the
temperature in the waters of Station | is

Table 1. Water Quality Observation Results
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27.99 °C; station Il 27.15 °C; station Il
26.48 °C; and station IV 27.21 °C. This
result shows that the water temperature is
below the optimal range of quality
standard or low temperature (KepMenLH,
2004). This can affect the life of biota or
aquatic organisms. The temperature has
an important role in metabolism for aquatic
organisms. Changes in surface
temperature can affect the physical,
chemical, and biological processes in
these waters (Shehata et al. 2017).

Observation result Quality .
Parameters | I I v standards UMt
Physical
Temperature 27,99 27,15 26,48 27,21 28-30* °C
Brightness 13 13 12 12 > G* Meter
Chemical
Salinity 32,13 32,13 31,01 31,76 33— 34* mg/L
pH 8,64 8,6 8,66 8,63 7-8,5*
Dissolved 3,77 3,77 3,68 3,74 > 5* mg/L
oxygen
Nitrate 0,009 0,010 0,012 0,010 0,008* mg/L
Ortophospat 0,016 0,016 0,019 0,017 0,015* mg/L
Ammonia 0,4 0,4 0,7 0,5 0,3* mg/L
Iron (Fe) 0,6 0,6 0,9 0,7 0,5%* mg/L
Nickel (Ni) 0,06 0,07 0,09 0,07 0,05* mg/L
Note: (*) : Kep-51/MenKLH/2004; (**) : USEPA, 1986.
Brightness is a level of water Salinity is an oceanographic factor
transparency that can be observed that is easily measured but plays an

visually. By knowing the brightness of the
waters we can find out to what extent there
is still the possibility of the process of
assimilation in water, which layers are not
turbid, and which is most turbid. Water
brightness is very influential in the growth
of marine biota. The level of brightness
determines the level of photosynthesis of
organisms in marine waters (Boyd dan
Pine 2010). The results of brightness
observations, obtained the brightness of
the waters at station | am 13 m; station |l
13 m; station Ill 12 m; and station IV 12 m.
The results of this observation are
following the quality standards for marine
organisms (KepMenLH, 2004).
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important role in physical, chemical, and
biological processes in the ocean, such as
the concentration of dissolved oxygen and
the spread of marine organisms.
Physiologically, salinity is closely related to
osmotic pressure adjustment (Boyd dan
Pine 2010). Salinity observation results,
obtained salinity in waters of the station |
am 32.13 ppt; station Il 32.13 ppt; station
111 31.01 ppt; and station IV 31.76 ppt. This
result shows salinity below the quality
standard range (KepMenLH, 2004). Like
temperature, the low salinity is thought to
be due to being influenced by physical,
chemical, and biological aquatic processes
(Shehata et al. 2017).
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pH is one of the chemical parameters
that are quite important in monitoring water
stability. The results of the observation of
pH, it was found that the pH at station IlI
glasses of water was greater at 8.7; station
| 8.6; station Il 8.6; and station IV 8.6.
These results indicate that the pH is in
high or alkaline conditions (KepMenLH,
2004). Water conditions that are acidic or
basic will endanger the survival of the
organism because it will cause metabolic
and respiratory disorders. Besides that, a
very low pH will cause the mobility of
various heavy metal compounds that are
toxic to be higher, while a high pH will
increase the concentration of ammonia.

Ammonia analysis results, obtained
ammonia in station Il is greater that is 0.7
mg / L; station | 0.4 mg / L; station Il 0.4
mg / L; and station IV 0.5 mg / L. These
results indicate that ammonia exceeds the
range of quality standards (KepMenLH,
2004). Ammonia can be toxic to biota if the
levels exceed the maximum threshold.
High ammonia levels can be indicated by
the presence of organic material pollution
from domestic waste, industrial waste, or
agricultural fertilizer runoff. The high
concentration of ammonia is thought to
originate from the waste of mining industry
activities at station Ill. Besides, ammonia
compounds in waters can also be derived
from the results of animal metabolism and
the results of the process of decomposition
of organic matter by bacteria (Tayel et al.
2014).

Besides ammonia, the
decomposition process by decomposing
organisms also produces nitrates. The
process is a Nitrification process.
Nitrification is the oxidation process of
ammonia to nitrite and nitrate. This
process is important in the nitrogen cycle
and takes place in aerobic conditions. The
oxidation of ammonia to nitrite is carried
out by Nitrosomonas bacteria while the
oxidation of nitrite to nitrate is carried out
by Nitrobacter (Effendi, 2003).

Nitrate is the main form of nitrogen in
natural waters. Nitrate is an important
nutrient in the synthesis of animal and
plant proteins (Effendi, 2003). Nitrate
analysis results, obtained in station Il is
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greater that is 0.012 mg / L, station | 0.009
mg / L; station 11 0.010 mg / L; and satation
IV 0.010 mg / L. This result shows that
nitrate exceeds the threshold range in the
quality standard range (KepMenLH, 2004).

The high concentration of nitrate is
thought to be influenced by temperature
because high temperatures will cause a
higher metabolic rate (Osman dan Kloas,
2010). The higher metabolic rate of
phytoplankton can cause nitrates to be
absorbed by more phytoplankton so that
the measured nitrate gets smaller (Ibrahim
dan Ramzy, 2013). Observations (Table 1)
show that the temperature is below the
optimal range of quality standards or low
temperatures (KepMenLH, 2004).

Besides temperature, nitrate
concentration is also influenced by pH. If
the pH in water is getting closer to the
base it will affect the concentration of
nitrate, because the nitrate will tend to be
higher when in an alkaline state (Effendi,
2003). The observations (Table 1) show
that the pH is in a high or base condition.

Also, pH also affects the
concentration of orthophosphate in water,
if the pH approaches base then the
orthophosphate will tend to be higher in
concentration (Effendi, 2003).
Orthophosphate analysis results, obtained
in station Il is greater that is 0.019 mg / L;
station | 0.016 mg / L; station Il 0.016 mg /
L; and station IV 0.017 mg / L. This result
shows that Orthophospate exceeds the

range of quality standard limits
(KepMenLH, 2004). Orthophosphate is
one of the most important nutrient

compounds at sea. Orthophosphate is
needed for the growth and metabolic
processes of phytoplankton and other
marine organisms in determining water
fertility (Ali et al. 2019).

Dissolved oxygen (DO) is needed by
all living bodies for breathing, metabolic
processes, or exchange of substances
which then produce energy for growth and
culture (Ali et al. 2019). Also, oxygen is
needed for the oxidation of organic and
inorganic materials in the aerobic process
(Effendi, 2003). DO observation results,
obtained DO in the waters of the station |
3.77 mg / L; station Il 3.77 mg / L; station
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Il 3.68 mg / L; and station IV 3.74. This
result shows that DO is lower than the
guality standard range (KepMenLH, 2004).

The DO content in the waters of
Station Ill is lower if compared to Station I,
Station Il, and station V. This indicates the
level of pollution at Station Il is greater
due to the entry of the mining industry
waste into the waters. The impact is more
oxygen is used by decomposing bacteria
in breaking down mining waste and
producing nitrites, nitrates, and ammonia
so that the pH of the water rises or in
alkaline conditions. Increasing ammonia
concentration can increase pH (Effendi,
2003).

The results of the iron (Fe) analysis
showed the iron in station Il is greater that
is 0.9 mg / L; station 1 0.6 mg / L; station Il
0.6 mg / L; and station IV 0.7 mg / L. This
result shows that Fe exceeds the threshold
of the quality standard range (USEPA,
1986). The results of the nickel (Ni)
analysis show nickel in station Ill is greater
that is 0.09 mg / L; station | 0.06 mg / L;
station Il 0.07 mg / L; and station 1V 0.07
mg / L. This result shows that nickel also
exceeds the threshold of the quality
standard range (KepMenLH, 2004).

High concentrations of heavy metals
(Fe and Ni) that exceed the threshold are
thought to originate from the activity of the
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mining industry in the area of Station IlI.
Besides, the concentration of heavy
metals is also influenced by temperature
and dissolved oxygen. Cooler water
temperatures make it easier for heavy
metals to soak into the sediment. While
high temperatures, heavy metal
compounds will dissolve in water.
Observations show that the temperature is
below the optimal range of quality
standards (cold). Low oxygen content
causes lower solubility of heavy metals.
Dissolved oxygen observations are lower
than the optimal range of quality standards
(KepMenLH, 2004).

Histopathological analysis

Heavy metal pollution in waters is a
very serious problem because in addition
to disrupting the health of aquatic
organisms (fish) it also endangers public
health as the final consumer (Wang et al.
2005; Gorur et al. 2012; Hosseini et al.
2015; Rose et al. 2015; Alipour et al. 2015;
Javed et al. 2016; Luczynska et al. 2018;
Ahmed et al. 2019). The results of the
study (Table 2) show that the fish used as
the object of research are important
economically valuable marine fisheries
and are used as consumption fish by the
coastal communities of Obi Island.

Table 2. Fish species used as research objects

Species

Sample Organs

Sample Location

Plectropomus leopardus
Lutjanus griseus
Lutjanus synagris
Lutjanus campechanus
Lethrinus lentjan
Priacanthus tayenus
Epinephelus fuscoguttatus
Euthynnus affinis
Selaroides sp
Neoniphon argenteus
Caranx Melampygus

Muscle; Intestine; Heart
Muscle; Heart

Muscle; Intestine
Muscle; Heart

Muscle; Intestine; Heart
Ovary; Intestine; Heart
Muscle; Intestine; Heart
Muscle; Intestine
Muscle; Heart

Muscle; Intestine; Heart
Muscle; Heart

Station |
Station |
Station |
Station |l
Station Il
Station |l
Station Il
Station Il
Station Il
Station Il
Station IV

The presence of heavy metals in
waters can lead to the natural
accumulation process in the body of
aquatic organisms. Heavy metals that
enter the fish's body cannot be removed
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anymore from the body, because heavy
metals tend to accumulate in the body of
the fish. As a result, heavy metals will
continue to exist along the food chain.
Besides, accumulation can also occur
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through direct absorption of heavy metals
contained in the water (Thabet et al.
2019). Exposure to heavy metals results in
physiological disorders in the body of the
fish which makes the body of the fish have
to adapt and can even cause tissue
damage in fish organs such as the liver,
muscles, intestines, and others (Krishnani
et al. 2003; Camargo and Martinez, 2007).

The liver is very susceptible to the
influence of chemicals and is the main
target organ of toxic substances. This
happens because most of the poisons or

75

- R oA g 2 3 -~ 5 v e
Fig. 1. Photomicrograph of liver: P. leopardus (1); L. griseus (2); L. campecha
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toxic substances that enter the body and
are absorbed by cells will then be brought
to the liver by the portal vein of the liver, so
that the liver has the potential to
experience damage (Abdel —Warith et al.
2011; Hegazi et al. 2015). The results
showed that the liver (Fig. 1) had
hemorrhage (H), degeneration of blood
vessels (DVB), vacuolar degeneration

(VD), necrosis or cell death (N). Several
previous studies reported the same thing
(Athikesavan et al. 2006; EI-Naggar et al.
2009; Bhatkar 2011).

O S A f
LOiAS o )
nus (3); L. lentjan (4); E.

fuscoguttatus (5); P. tayenus (6); Selaroides sp. (7); N. argenteus (8); C. Melampygus (9).

The results showed the muscle (Fig.
2) experienced edema (E), degeneration
of muscle fibers (D), atrophy of muscle
bundles (A), vacuolate degeneration of
muscle Bundles (VD), hemorrhage (H),
infiltration of lymphocytes (IF) and necrosis
(N). Accumulation of heavy metals in
muscles causes edema or swelling caused
by the buildup of fluid in the tissues.
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Edema causes muscle tissue to look like it
is spreading. The accumulation of heavy
metals influences the immune response
from blood to the tissues so that the
infiltration of lymphocytes occurs. At more
severe levels, exposure to heavy metals
causes necrosis or death of muscle fiber
cells (Kazempoor et al. 2015; Haredi et al.
2020).
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Fig. 2. Photomicrograph of muscle: P. Ieopardus (1);7L. synagris (2);
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%D

L. campecha%us (3); L.

lentjan (4); E. fuscoguttatus (5); E. affinis (6); Selaroides sp. (7); N. argenteus (8); C.

Melampygus (9).

The intestine is an organ that easily
accumulates heavy metals (Hanna et al.
2005). The results showed that the
intestine (Fig. 3) experienced an infiltration
of lymphocytes and melanomacrophages
(arrows) and necrosis (N). Infiltration of
lymphocytes and melanomacrophages is a
form of an immune response to foreign
objects including heavy metal exposure
(Brochin et al. 2008). Excessive
accumulation of heavy metals in intestinal
tissue will result in necrosis or cell death
(Dohaish, 2018).

Histopathological analysis was also
performed on the ovaries of P. tayenus
fish. Fish reproduction studies can be used
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as parameters for determining heavy metal
pollution (Mansour et al. 2018; Elgaml et
al. 2019). The results showed the fish
ovary of P. tayenus (Fig. 4) showed
necrotic structures of oocytes (Nc). El-
Morshedi et al. (2014) and Biswas and
Ghosh (2016) reported the accumulation
of heavy metals in fish ovaries causing
necrosis structure oocytes. Necrosis or cell
death in ovaries which are reproductive
organs in female fish can threaten the
sustainability of fish populations because
reproduction is basically a key factor in
maintaining population (Ojaveer et al.
2015; Cao et al. 2019).
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Fig. 3. Photomicrograph of usus

Fig. 4. The histological view of the ovarian structure of P. tayenus.

CONCLUSION degeneration of blood vessels, vacuolate

) degeneration, necrosis, or cell death. The

This research can be a reference for muscles experience edema, degeneration
warning of heavy metal pollution in Obi of muscle fibers, atrophy of muscle
Island waters, binding to the nature of bundles, vacuolar degeneration of muscle
heavy metals that can accumulate in fish Bundles, hemorrhage, infiltration of
tissue. HiStOp&thOlOgicaI anaIySiS showed |ymphocytes' and necrosis. The intestine

that the Iliver had a hemorrhage,
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experience infiltration of lymphocytes,
melanomacrophages, and necrosis. While
P. tayenus fish ovaries showed necrosis
structure oocytes.
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