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ABSTRACT Tambau Lake is a lake used by the community to cultivate fish. The quality of lake waters can be reflected
through animals that live in lake waters such as fish. Fish that have been polluted with pollutant compounds for a long
period of time will experience structural and functional abnormalities, as well as changes in histological conditions. This
study aims to determine the level of water pollution in Tambau Lake through histopathological studies of Osteochilus
Vittatus gills. This type of research is a descriptive analysis using a survey method of Tambau Lake and Osteochilus
vittatus. Determination of Osteochilus vittatus and water samples using purposive random sampling method. Preparation
using paraffin method and hematoxylin-eosin staining. The results of the study were then analyzed descriptively based on
the level of damage to the gill tissue structure with the level of water pollution. The results of histopathological analysis on
Osteochilus vittatus gill samples found damage to the presence of (a) edema (cell swelling), (b) hyperplasia which causes
other damage, namely (clubbing tissue shaped like a baseball bat and thickening of cartilage) and (c) secondary lamella
fusion which continues to become (telangiectasis) which indicates that Tambau Lake water is experiencing moderate
- severe pollution. This is also in line with simple water quality results (physical, chemical and biological tests) which

showed that the level of pollution was classified as severe.
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INTRODUCTION

Tambau Lake is located in Jorong Air Tawa Utara, Nagari
Kampung Batu Dalam, Danau Kembar District, Solok
Regency that used by the local community for fish culti-
vation. Based on our survey, the recent condition of Lake
Tambau may already be at an alarming level due to the
following conditions: this lake was surrounded by tea
plantations with all insecticides and pesticides flows into
the lake; as disposal od household waste; and used by
some farmer for bathing of their livestock (i.e. cow and
buffalos). We assumed that the harmfull chemicals from
these pollutants have a great effects on the water quality
of Tambau Lake.

While the quality of water in Tambau Lake seems to be
decreasing, this is found through our physical observa-
tions and lack of discharge of water flowing into the lake.
This condition also explained by Atifah et al. (2023), that
is the quality of the Tambau lake indicate the harmfull
pollutants through simple physical, chemical and biologi-
cal tests. They also assumed that the water from this lake
cannot be used as a drinking water. The pollution in water
bodies will have an impact on the living things that live in
it, including the fishes (Lewis et al., 1980; Lawrence et al.,
2001; Banerjee et al.,, 2011; Mandia et al., 2013; Rao et
al., 2013; Otago Regional Council, 2015). However, the
further testing needs to be done related to the pollution
because the function of this lake as a source of fisheries,
so itis feared that there is an accumulation of pollution in
fish consumed by local residents.

The fish can be an indicator to determine the water quali-
ty inthe water bodies. Fish is one of the aquatic biota that
can be used as an indicator of the level of pollution that

occurs in the waters (Susanah et al.,, 2013). The pres-
ence of pollutants in the body of fish is absorption mech-
anism through the gills, then digested through tho its
digestive system. The fish that have been contaminated
with pollutant compounds for a long period of time will ex-
perience structural and functional abnormalities, as well
as changes in histological conditions (Hardi, 2013). One
of the fish organs that can experience these changes is
the gills. In Wong & Marcus (2000) the gills have a wide
and open surface which will result in the organ being the
main target of exposure to toxic materials in the waters.

The present study aims to analysis the pollution levels of
Tambau Lake through the histopathology of Nilem fish
(Osteochilus vittatus). The type of fish chosen for sever-
al reasons, viz high rate of internal reproduction capture
and possession process high adaptability on the environ-
ment (Hadi, 2020). The analysis of water pollution by us-
ing histopathology of fish was studied by several previous
studies, heavy metal pollution in Riau’s Kampar River
caused changes in the histological structure of the gills of
Baung fish (Hemibagrus nemurus) (Erlangga, 2007), the
damage to the histology structure of Prochilodus lineatus
gills due to water pollution (Camargo & Claudia, 2007),
heavy metals causes a tissue damage to fish gills (Renni-
kaetal.,2013).

According to Authman et al. (2013) damage to the gills
caused by polluted substances is divided into several lev-
els, starting with edema, hyperplasia of the basal cells,
lamellar fusion, fusion of all secondary lamellae, and loss
of secondary lamellar structure and reducing filament.
According to Ajia et al. (2019) the relationship between
the level of structural damage to the gills and the level
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of pollution is as follows Level of damage 0, No damage.
Damage level 1, edema of the secondary lamella and de-
tachment of epithelial cells from the underlying tissue (in-
dicating that water fouling has occurred, but notyet water
pollution). Damage level 2, hyperplasia of the basal cells
of the secondary lamella (indicating mild contamination).
Damage level 3, hyperplasia, fusion of two secondary
lamellae (indicating mild contamination). Damage level
4, hyperplasia of almost all secondary lamellae (indicat-
ing moderate contamination). Damage level 5, loss of
secondary lamella structure and filament damage (indi-
cating severe pollution).

MATERIALS AND METHODS

Fishsample

The present study took place at Tambau Lake, Jor-
ong Air Tawa Utara, Nagari Kampung Batu Dalam,
Danau Kembar District, Solok Regency (1°1'19.2”
S$,100°43'3.918” E, elevation ca. 1600 mdpl). The field
sampling conducted between August 2022 to January
2023. The specimen of Nilem fish (Osteochilus vittatus)
was collected by traditional fishing, then the Making his-
tology preparations of fish gills in the Zoology Laborato-
ry, Department of Biology, FMIPA, Universitas Negeri Pa-
dang. There were 3 samples of Nilem fish with a length
range of 17-21 cm and a weight range of 250-400 g ex-
amined in this study.

Histologic analysis

The fish was dissected and then removed the gills. Gills
were observed in this study because Gills located outside
and in direct contact with the air as a living medium for
fish, then this is the organ the first time it is influenced by
the air environment polluted by both dissolved and dis-
solved pollutants suspended .Then the gills samples ex-
perienced fixation process for 24 h using 10% formalin
solution. The next steps were dehydrating, clearing, par-
affin infiltration, blocking, cutting/sectioning, staining,
and mounting. The histology analysis followed methods.
A light microscope was used to analyze the samples. The
histopathology analysis based onthe Vetaetal. (2014).

Data analysis

All Histopathological condition of the fish organs was de-
scribed. Accordingto Tanjung (1982), damage to the gills
caused by polluted substances is divided into several lev-
els, starting with edema, hyperplasia of the basal cells,
lamellar fusion, fusion of all secondary lamellae, and loss
of secondary lamellar structure and reducing filament.
According to Ajiao et al. (2019) the relationship between
the level of structural damage to the gills and the level
of pollution is as follows Level of damage 0, No damage.
Damage level 1, edema of the secondary lamella and de-
tachment of epithelial cells from the underlying tissue (in-
dicating that water fouling has occurred, but notyet water
pollution). Damage level 2, hyperplasia of the basal cells
of the secondary lamella (indicating mild contamination).
Damage level 3, hyperplasia, fusion of two secondary
lamellae (indicating mild contamination). Damage level
4, hyperplasia of almost all secondary lamellae (indicat-
ing moderate contamination). Damage level 5, loss of
secondary lamella structure and filament damage (indi-
cating severe pollution).
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Figure 1. Histology of normal fish gills (400x magnifica-
tion) (EI-Shebly & Gad, 2011).

Water contaminated with heavy metals can affect the his-
tological structure of the gills. Gills are organs with a wide
and open surface, so they are one of the first organs ex-
posed to toxic materials in the water. Normal gill organs
are composed of lamellae and thin epidermal cells and
rod-shaped supporting cells (pillar cells) that support
blood flow to the gills (Kibenge & Strange, 2021).

Changes in the histological structure of Nilem fish gills
can be used as an indicator of the level of water pollution
in a body of water. From the observations, it was found
that the water in Tambau Lake could be categorized as
having experienced level 4 (moderate) - 5 (severe) pollu-
tion because the Nilem fish that was used as a sample
had been found to experience changes in histological
structure due to pollution that occurred in Tambau Lake.
Gill damage happen if there is an increase in the number
of cells originating from the lamella primary, migrate and
accumulate on the lamella secondary, increasing the
amount of one type or another various other cells. Epi-
thelial cells can increases without additional connective
tissue the observations are observed easy under a mi-
croscope by comparing it with fish gills normal condition
The Histological changes experienced by Nilem fish in
Tambau Lake are (a) edema (cell swelling), (b) hyperpla-
sia which causes other damage, namely (clubbing tissue
shaped like a baseball bat and thickening of cartilage)
and (c) secondary lamellar fusion which continues to be-
come (telangiectasis) (Figure 2).

This is in accordance to the statement of Dane & Sisman
(2015) the damage to the histology of the gills is char-
acterized by hyperplasia, then the pollution in a body of
water is at level (4), namely moderate pollution. While
according to Sipahutar et al. (2013), if lamellar fusion is
found in the histology of the gills, then the waters have
experienced pollution level (5), namely severe damage
because lamellar fusion is an advanced stage of hyper-
plasia damage.
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Figure 2. Histology of Osteochilus Vittatus gills (al-a3)
edema, 400x magnification (b1-b2) hyperpla-
sia, 400x magnification (c) Secondary Lamellar
Edema, 400x magnification (d) clubbing (100x
maghnification), (e) cartilage thickening (100x
maghnification), (f1-f2) secondary lamella fu-
sion (100x magnification), and (g) telangiecta-
sis (400x magnification).

The edema is a condition where fish gills experience
swelling of cells in the tissue. Usually edema is often
found in the secondary lamella (Figure a.1 - a.5). This is
in accordance with the statement of Saputra et al. (2013)
that edema in the lamella is a response of cells to protect
themselves and survive due to exposure to chemical pol-
lutants, ammonia poisoning and the presence of para-
sites attached to the gills. In addition, edema is also an
early response in fish due to contaminated water (Yolan-
daetal., 2017). Therefore, if edema occurs continuously,
it will cause other damage found in fish gills due to pollu-
tion in Tambau Lake. The hyperplasia can also be caused
by excessive edema so that red blood cells come out of
their capillaries and cells will experience detachment
from theirsupport (Susanahetal., 2013).

The hyperplasia is the excessive formation of tissue due
toanincrease in the number of cells, so that one cell with
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another cell separates from each other and adaptive re-
sponse to the body’s defense against foreign bodies (par-
asitic infection) and bad media water (Figure. b.1 - b.2)
(Rohde, 2005; Robert, 2001; Kalaiyarasi et al., 2017).
The hyperplasia can also result in thickening of the epi-
thelial tissue at the end of the filament which exhibits a
baseball-like shape (“distal clubbing”) or thickening of
the tissue located nearthe base of the lamellae (basal hy-
perplasia) (Ersa, 2008). In the observation results of the
present study, only one filament was identified as having
‘clubbing’. However, this condition is a sign that the fish
gills experiencing the circulation failure and extensive
bleeding, then if this process continues continuously can
cause fish death (Figure. d. and e.) (Jumria et al., 2017)
The hyperplasia can result from various chemical pollut-
ants and heavy metals especially Cadmium (Cd), Cuprum
(Cu)and Zinc (Zn). The fish exposed to heavy metals, pes-
ticide detergents and nitrophenols show separation be-
tween epithelial cells and the underlying system of pole
cells which can lead to the collapse of the secondary
lamellar structure,then cause an increase in the number
of chlorid cells (Olurin et al., 2006; Suparjo, 2010). Ac-
cording to Ersa (2008), another cause of gill hyperplasia,
lamellar thickening and fusion is nutritional deficiency.
Robert (2001) also said that if hyperplasia occurs contin-
uously, it will resultin lamellar fusion.

The lamellar fusion in gill tissue itself is the fusion of two
or more tissues due to epithelial tissue damage (Figure
c.1-c.2). The lamellar fusion occurs due to an increase
in hyperplasia pathology continuously and causes the
filling of the space between secondary lamellae by new
cells which then triggers attachment on both sides of the
lamella (Sipahutar et al., 2013). If this condition contin-
ues, it will affect negatively to the respiration process. If
the fish gills have experienced lamella fusion, it is mean-
ing that this condition in an advanced stage of hyperpla-
siadamage (Mandia,2020).

Beside the histological changes that have been found in
the gills, we also identified telangiectasias (Figure f). The
continuous phase of hyperplasia will cause to lamella fu-
sion and telangiectasia (Juanda, 2022). Telangiectasia
is damage due to edema and hyperplasia which causes
one part to swell and the other part to shrink, resulting
in a narrowing of the blood vessels (Tandjung, 1982).
This condition will strongly affected the blood circulation
in the fish body.We assumed that the histological struc-
ture changes of Nilem Fish in the Tambau lake due to
the presence of toxic compounds. This is in accordance
with Lestari et al. (2018) which states that the gills them-
selves are the first organ that can be directly exposed to
toxic substances because the gills are in direct contact
with the water during the respiration process. The gills
have a large and open surface which will result in the or-
gan being the main target of exposure to toxic substanc-
esinthewaters (Wong & Marcus, 2000).

In the present study, we also conducted a simple test of
water quality in the Tambau Lake, as knowledge regard-
ing the condition of lake water quality as reflected in the
concentration values of several water quality param-
eters. This simple test based following steps by Idrus
(2018) simple physical tests; simple biological tests and
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simple chemical tests.

Samples (lake water) of 50 ml were putinto an Erlenmey-
er, each air temperature was measured then 25 ml of
distilled water was added, and the changes that occurred
were noted in the form of changes in color, turbidity, tem-
perature and odor. As a control, 25 ml distilled waterinan
Erlenmeyer flask without sample. The results of the sim-
ple physical quality test was showed that the water with a
cloudy color and temperature of 27.4°C, then its change
after adding distilled water to slightly clear and the tem-
perature changes to 26.2°C. The change in color to clear
and the decrease in water temperature after being given
distilled water is because distilled water has a function as
a control agent. In addition, tests were carried out on the
odor of Tambau Lake water which has a rather pungent
odor.

Then a simple chemical test was conducted. In 100 mL of
air sample from each lake in an Erlenmeyer flask, 50 mL
of tea water was added, and left overnight in open con-
ditions before observing. The pH of Tambau Lake water
afterthis treatmentisfive. This indicates that the lake wa-
ter has acidic levels. The lower the pH value, the higher
the solubility of heavy metals so that the toxic effects of
metals will increase. The pH in water that increases will
generally be followed by a lower solubility of the metal
compound (Sukoasih & Widiyanto, 2017). The Lake wa-
ter samples that have been mixed with tea also cause
black clumps, dark discoloration and there is a layer of
oil on the surface of the water which indicates poor wa-
ter quality. The faster the changes that occur in tea water
was indicated the higher the chemical content of the wa-
ter.

Finally, a simple biological test was conducted where
each water sample was put into a clear glass bottle and
left for five days and the changes were observed, and the
brown dirt deposits presence at the bottom of the con-
tainer where the water was settled. The sediment found
in the water sample bottle indicates the activity of micro-
organisms contained in the water. The microorganisms
play a role in mineralization and sediment formation.
The microorganisms become contaminants in water can
cause damage or disruption to the life of aquatic biota
and ecosystems. Certain microorganisms can be indica-
tors of water pollution. Bacteria from the coliform group
(Streptococcus faecalis and Escherichia coli) is the mi-
croorganisms that are often found in waters polluted by
domestic waste (Fardiaz, 2003).

The results of this study can prove that histopathologi-
cal changes in fish gills are one of the indicators that can
be used to determine water quality in Tambau Lake. As
found in the the prwsent study, the waters of Tambau
Lake contaminated by pollution compounds at level 4
(moderate) to 5 (severe). This is also in line with research
conducted by testing water quality simply (simple phys-
ics, chemistry, and biology tests) so that Tambau Lake
water cannot be used as a source of drinking water and
cannot be used as a source of fisheries by residents be-
cause it is feared that the accumulation of pollution in
fish consumed by local residents.
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CONCLUSION AND RECOMMENDATION

Conclusion

Based on the study of histopathology of Nilem fish gills
(Osteochilus vittatus), the conclusion of this study shows
the level of water pollution in Tambau Lake is classified
as heavy. Histopathology in Nilem fish (Osteochilus vitta-
tus) gill samples found are (a) edema (cell swelling), (b)
hyperplasia which causes other damage, namely (‘club-
bing’ tissue shaped like a baseball bat and thickening of
cartilage) and (c) secondary lamella fusion which contin-
ues to become (telangiectasis) which indicates that Tam-
bau Lake water is experiencing pollution level 4 (moder-
ate) - pollution level 5 (severe). This is also in line with the
results of simple water quality (physical, chemical, and
biological tests) which show that the level of pollution is
classified as heavy.

Recommendation

The community is expected not to make water in Tambau
Lake the main source of drinking water and as a source of
fisheries by residents because it is feared that there will
be accumulation of pollution in fish consumed by local
residents. It is necessary to conduct in-depth tests to de-
termine the type of pollution found in Tambau Lake.
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