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Abstract. Kadim MK, Herawati FY, Arfiati D, Hertik AMS. 2022. Metallothionein level in the larva of Cheumatopsyche sp. and the
relationship between heavy metal concentration in Bone River, Gorontalo, Indonesia. Biodiversitas 23: 5942-5950. This study aims to
confirm that the larvae of Cheumatopsyche sp. contain a metal-binding protein, metallothionein, in their body and correlate it with heavy
metal concentrations in the larval tissues and sediments in Bone River. Pb, Cd and Hg concentrations in sediment, tissue and
Metallothionein (MT) levels were analyzed in several areas with different metal contamination. The Pb concentration in the sediment
averaged 33.6 ppm; Hg 0.17 ppm; Cd 0.125 ppm. Total metals concentration in the whole body of Cheumatopsyche sp. ranged from
0.424 to 0.781, while the MT content ranged from 4637 to 6930 ng.g*. The results revealed that the larvae could accumulate different
metals and be more effective in accumulating Hg than Pb and Cd, regardless of the level of metal concentration in the sediment. Metal
concentrations measured in Cheumatopsyche sp. showed a significant correlation with metals in the sediment. Metallothionein levels
throughout the larval body showed differences in different areas of metal contamination and this correlated with the concentrations of
Pb, Cd, and Hg measured in the larval tissue, thus reflecting their bioavailability in the environment. The results also showed that even
under exposure to low metal concentrations, MT was still detectable in Cheumatopsyche sp. and proved to be a good predictor of metal

accumulation.
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INTRODUCTION

Anthropogenic activities can produce pollution that
possibly leads to the degradation of the aquatic
environment, especially in rivers (Zhuang et al. 2018); such
problems are determined by the life of the biota in that area
(Barbieri et al. 2020). One of these pollutants is heavy
metal, according to Liu et al. (2018), anthropogenic
activities are the leading cause of heavy metal pollution in
waters. Heavy metals, e.g., Lead (Pb), Cadmium (Cd), and
Mercury (Hg), derived from chemical pollutants are toxic
and dangerous, so they have potentially damaging impacts
on both the aquatic organisms and the ecological
environment (Islam et al. 2015, Fuoco and Giannarelli
2019).

One of the largest rivers in Gorontalo Province is Bone
River. The Bone River Corridor is a water conservation
facility for the surrounding area because it provides various
water needs (managed by local water supply utility),
ranging from clean water and agriculture to tourism
activities. This river is also part of the Bogani Nani
Wartabone National Park area. According to Balihristi data
from 2008-2011, land use is a potential threat to the Bone
River ecosystem. Most anthropogenic activities around the
waters of Bone River come from settlements, agriculture,

industry, and sand and gold mining. These activities can
lead to organic and heavy metal contamination. Previous
research on water quality, especially in the middle,
downstream and estuary areas of Bone river by Pateda et
al. (2017) and Koniyo (2020), reported that the Bone River
indicated the occurrence of heavy metal pollution. Lihawa
dan Mahmud (2012) also reported that mercury levels were
high in water and sediments in the tributaries of the river’s
watershed, where gold tailings activity was present. The
existence of activities along the Bone River segment can
disrupt the ecological balance of aquatic organisms that
live in it and can disrupt human health.

Heavy metals are the most dangerous pollutants due to
their  toxic, carcinogenic,  biomagnifying,  and
bioaccumulative properties. Heavy metals accumulate a lot
in sediments, while the bottom substrate of the waters is a
place for macrozoobenthos to live. As a result, the
sediments are prone to heavy metal contamination (Bere et
al. 2016; Ouma et al. 2019). In addition, accumulating
heavy metals from sediments and aquatic organisms can be
an essential pathway for heavy metal transfer (Pebriani et
al. 2022). To date, monitoring of health and water quality
in Bone River is still limited to analysis using physico-
chemical parameters. Monitoring with a biota approach
(biomonitoring) has also been carried out but still needs a
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more in-depth study to obtain results that describe the
actual condition of the river.

The macrozoobenthos community is commonly applied
to evaluate organic matter contamination from
anthropogenic activities (Everall et al. 2019). It has begun
to be used as a monitoring tool for heavy metal pollution
(Oremo et al. 2019). In ecological functions in river
ecosystems, macrozoobenthos play a vital role.
Macrozoobenthos from the aquatic insect group is a natural
food source for aquatic biota at other trophic levels. In
addition, aquatic insects are central to overhauling organic
matter in the waters. Some aquatic insects can tolerate,
survive, and accumulate metals in the waters at various
levels. One of the insects is Trichoptera larvae,
Hydropsychidae. Hydropsychidae, relatively tolerant of
metals and the level of contamination in Trichoptera larvae
(water insects), is estimated to reflect heavy metal pollution
in different streams and river habitats, allowing this species
to be an indicator of metal pollution (Ryan et al. 2018;
Tszydel et al. 2021).

Water pollution levels can be identified using
bioindicator organisms or biomarkers (Hook et al. 2014).
Metallothionein (MT) is a specific biomarker for heavy
metals (Wong and Stillman 2020). MT is known as a
biomarker of heavy metal contamination in aquatic
organisms. Several groups of aquatic invertebrates such as
mollusks, crustaceans and annelids possess a metal-binding
protein, metallothionein, and can induce it mainly by Cu,
Zn or non-essential metals Cd and Hg (Amiard et al. 2006).
Different levels of metallothionein are also associated with
other metal-binding proteins. Widiastuti et al. (2019a) state
that the concentration of metal contaminants influences the
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concentrations in cells increase metallothionein. Many
studies have shown the induction of MT by metals in
vertebrates and invertebrates due to metal contamination.
This remarks the beginning of the application of MT as a
biomarker of metal pollution in nature. Therefore, MT is a
recommended biomarker in environmental and biological
monitoring that reflects the presence of metal pollution.

In a previous study, we evaluated the use of MT as a
biomarker of heavy metal contamination (Hertika et al.
2018, 2020, 2021), including the certain relationship
between every heavy metal (Cd, Pb, Hg) and MT levels in
Crassostrea sp. acquired from a coastal environment in
East Java, Indonesia. However, studies on the use of MT as
a biomarker, especially in the Hydropsychidae family, are
still limited, indicating the urgency to conduct in-depth
studies. This study explored the relationship between MT
in Cheumatopsyche sp. with heavy metals in the Bone
River. It is expected that the study will help analyze East
Java's coastal management policy strategies to minimize
pollution of the coastal environment.

MATERIALS AND METHODS

Study area

This research was conducted in Bone River (Figure 1),
Bone Bolango Regency and Gorontalo City, Gorontalo
Province, Indonesia. The river is classified as a large river
with water flow rates ranging from 40.28-143.9 m3.st.
Sampling was conducted from April to June 2022 when the
river water discharge was relatively low or not raining.
Observation stations were determined purposively.

concentration of MT in organisms. High metal
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Figure 1. Location of the Bone River in Gorontalo Province, Indonesia. The red dot (¢) indicates the sampling area/station (St): St1 is
geographically located at 0°29'48.07"N 123°27'30.57"E; St2 at 0°31'0.25"N 123°11'46.59"E; St3 at 0°32'0.99"N 123°1020.59"E; St4 at
0°31'37.63"N 123° 7'38.89"E and St5 at 0°31'48.83"N 123° 6'33.66"E
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Experimental design and sampling procedure

Initially, 12 observation points were identified based on
ecological conditions (preferably riffle areas) and
anthropogenic activities to evaluate the degree of heavy
metal contamination, especially Pb, Cd, and Hg. Since
some of these areas displayed similar levels of
contamination, five (St1-St5) observation areas were
selected considering the contamination gradient, the
possible presence of Hydropschidae larvae, and
anthropological factors that could potentially be a source of
metal contamination. For this reason, different metal levels
were expected. Stl is in the upstream area of the Bone
River, located in Pinogu Village with a low level of
anthropogenic activity and is used as a reference site
(control site).

Samples of larvae were taken by employing the kicking
technique using a hand net with dimensions of 200 to
400mm  wide, 2-3m high, 100-200mm  shoulder
(reinforcement), and 500 um mesh size with a maximum
range of 10m. Hydropschidae larvae were collected
manually by looking for rocks in the sampling area with a
maximum range of 100m. Sampling is designed as follows
two sites/area dan six replications/site: 5 area x 2 sites x 6
replicates= 60 samples. Sediment sampling was carried out
using a modified soil sample ring from a parallon pipe, and
a 250g of soil sample was taken (Widiastuti et al. 2019b).
Additional environmental variables were measured at each
sampling location: dissolved oxygen, pH and temperature.
This parameter is measured in the field at a depth of +4 cm
from the bottom surface with a special probe (Hertika et al.
2018). For organisms, the larvae of Cheumatopsyche sp.
were sorted and then identified using a binocular
microscope with a magnification of 8-32 times. The sorted
larvae were collected in 10 mL bottles and only the larvae
of Cheumatopsyche sp. with a length of 1-1.5 cm were
analyzed (Figure 2). Ideally, the sample is complete when
sufficient individuals have been collected for three
replications in each area. In fact, the number of individuals
collected is controlled by availability, mainly to meet the
sample requirements for observations by the AAS method.

Laboratory analysis
Sediment contamination and metal level in larva
Cheumatopsyche

Cheumatopsyche sp. larvae samples that have been
sorted and identified are collected until they reach a weight
of 1g. Heavy metal concentrations (Pb, Cd and Hg) in
sediment and Cheumatopsyche sp. were observed using the
Atomic Absorption Spectrophotometer (AAS) method. The
number read on the spectrophotometer is expressed as the
value of the heavy metal concentration of the sample. The
sediment concentrations were reported in ppm dry weight
(dw), and larva concentrations were reported in ppm wet
weight (ww).

Metallothionein determination

Briefly, a 100 mg sample of Cheumatopsyche sp. was
rinsed with PBS solution. The tissue was then crushed and
homogenized with fresh lysis buffer (the present work used
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PBS solution) with a ratio of 1:9 (w:v 1.9, e.g., 900 pL
lysis buffer was added in 100 mg tissue sample). The
homogenate was centrifuged at 10,000xg for 5 minutes to
obtain a supernatant containing MT. Zebrafish MT1
(Metallothionein 1) ELISA Kit (ELK Biotechnology, Cat:
ELK9073) was used in this study. The preparation
procedure follows the guide on the kit, following the steps:
Prepare seven wells and one well for standard and blank
consecutively. Add 100 pL each of the samples and
standard working solution into the appropriate wells, cover
it with the plate sealer, then incubate at 37°C for 80
minutes. Remove the solution from all wells. Aspirate the
liquid, using 200 pL of 1 x wash solution to wash up each
well then leave it for 1-2 minutes. Eliminate the residual
liquid from all wells altogether by tearing the plate onto
absorbent paper. Repeat the aspirating process and wash
three times. After the final wash, remove any leftover wash
buffer by aspirating or decanting. Turn over the plate and
then blot it against absorbent paper. Add to every well as
much as 100 pL of Biotinylated Antibody, cover wells with
the plate sealer, then incubate it at 37°C for 50 minutes.
Rinse three times. Add 100 pL of Streptavidin-HRP to
each well, cover the wells with the sealer and incubate at
37°C for 50 minutes. Duplicate the aspiration and wash it
five times. Add TMB Substrate Solution to each well as
much as 90 pL then cover it with the new sealer. Incubate
at 37°C for 20 minutes. The solution will turn blue with the
supplement of TMB Substrate Solution. Add stop reagent
as much as 50 pL to each well. The liquid will become
yellow by the addition procedure. The absorbance was
analyzed using an ELISA reader at 450 nm then the result
was converted using a standard curve to get the MT value.

Data analysis

Data from sediment was analyzed using the
contamination factor (CF), geoaccumulation index (lgeo).
The bioconcentration factor (BCF) is described as the
ability of an organism to accumulate Pb, Cd, and Hg
elements from its environment (van der Oost et al. 2003).
In addition, data from sediment and larva contamination
and MT level in each area were analyzed using Permanova,
where each station was used as the main fixed factor to see
a different significance. When test results show statistically
significant differences, pairwise between regions are
compared. Grades lower than 0.05 were considered
significantly different. Furthermore, the relationship among
the concentrations of Pb, Cd and Hg in the larval body of
Cheumatopsyche sp. on MT levels was determined using
multiple regression. Variable Y is MT content, X1 is Pb
content, X2 is Cd content, and X3 is Hg content. Data
analysis was performed using SPSS version 22.

RESULTS AND DISCUSSION

Water quality parameters

Environmental parameter data at each station is
presented in Table 1. This study shows that most
physicochemical parameters fluctuate in all sampling
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stations. The type of riffle flow allows oxygen diffusion so
that the DO at all stations is >7.5 mg/L. DO is classified as
good with a threshold value that is in the minimum limit
stated in the Regulation of Indonesia Government No. 22
of 2021. The river water temperature ranges from of 23.67
to 31°C, and the pH is 6.6. The temperature impacts the
solubility of heavy metals. An increase in water
temperature causes an increase in the solubility of heavy
metals (Mo et al. 2013). When the pH of the waters is high,
heavy metals in seawater will settle to the bottom (Yona et
al. 2018) and potentially be uptake by benthic organisms.
At least this difference can provide a little picture regarding
differences in metal concentrations in sediment, larvae and
MT levels.

Sediment heavy metal content

The concentrations of heavy metals (Pb, Cd and Hg)
observed at five stations can be seen in Figure 3. The average
concentration of Pb is higher than that of Cd and Hg.

Based on Figure 1, the highest concentrations of Pb and
Cd are in St3 with values of 44.2 ppm and 0.147 ppm,
respectively, while the highest concentration of Hg is in St2
with a value of 0.213 ppm. Both Pb, Cd and Hg had the
lowest concentrations at St1 with values of 24.1, 0.071 and
0.145 ppm, respectively Cadmium (Cd) became the heavy
metal with the lowest average concentration during
sampling. Pb generally has the highest average
concentration value of 33.6 ppm, followed by Hg (0.17
ppm) and Cd (0.125 ppm). The Pb concentration at St2-St5
in this study was higher than the standard quality value
0OSQG LEL (Ontario Sediment Quality Guidelines-Lowest
Effect Level) and CCME TEL (Canadian Council of

Table 1. Environmental parameter data at each station.
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Ministers of the Environment-Threshold Effect Level).
Still, it did not exceed the standard value of ANZECC
(Australian and New Zealand Environment and
Conservation Council). The concentration of Hg has
exceeded the quality standard values of ANZECC (at St2,
St3), CCME TEL (in all stations), and OSQG LEL (at St2).
At the same time, the concentration of Cd is still under the
quality standards of the three standards. The total measured
metal concentration in the sediment per area is shown in

Figure 4.
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Figure 3. Measured concentrations of heavy metals, expressed in
ppm dry weight (dw), in the Bone River sediment. Limits based
on ANZECC, OSQG, CCME for Pb (primary axis) respectively:
50, 31, 30.2, for Cd and Hg (secondary axis) respectively: 0.6 and
0.7;0.2 and 0.13 ppm

ppm dw (secondary axis)
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Study areas

Parameters Stl St2 St3 St4 St
Mean (sd) Mean (sd) Mean (sd) Mean (sd) Mean (sd)
Temperature (°C) 23.67 0.06 28.67 0.99 31.00 0.75 29.10 0.36 29.57 0.15
DO (ppm) 7.84 0.01 7.63 0.11 7.62 0.12 7.70 0.08 7.52 0.01
pH 6.67 0.01 6.64 0.06 6.63 0.06 6.67 0.06 6.68 0.07

Figure 2. Cheumatopsyche sp. (Class Insecta, Order Trichoptera, Family Hydropsychidae, Genus Cheumatopsyche) collected in Bone
River, Gorontalo, Indonesia. A. lateral view of the right side; B. genus identifier (black arrow)
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Figure 4. The concentration of total metals (Pb, Cd and Hg) in the

sediment in the five sampling areas. Letters (a-d) indicate a
significant difference (p<0.05) between areas

The measurement outcomes show a contamination
gradient along the study area, increasing from Stl to St3,
then decreasing at St4 and increasing again at St5. These
results also reveal that the respective metal proportions in
all areas are maintained. Statistical analyses performed on
total metal concentrations in sediments revealed significant
differences between study stations (Figure 4), refuting the
null  hypothesis of no significant difference in
contamination between sediments from different areas.
Significant differences (p<0.05) among stations are
indicated by different letters (a-d). Table 2 below presents
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the wvalue of the contamination factor and the
geoaccumulation index of Pb, Cd and Hg metals.

Lead (Pb) has the highest average contamination factor
(CF) and geoaccumulation index (l_geo), i.e., 0.805 and
0.337, respectively, followed by Hg (Cf: 0.322; 1_geo:
0.085) and Cd (Cf: 0.25; |_geo: 0.084). Interpretation of
CF value refers to Hakanson (1980) in Liao et al. (2022),
where if the value of CF<1 means the level of
contamination is low. If the value of 1<CF<3, the level of
contamination is moderate; if the value of 3<CF<6 means
the level of contamination is high; the value of CF>6
means the level of contamination is very high. The mean
value of CF Pb, Cd and Hg shows a number smaller than 1
(CF<1). This means that the sediment at all observation
stations is in the category with low contamination levels.

I_geo value interpretation refers to 7 classes Muller
(1979) in Edward (2020), i.e., class O (not polluted) value
I_geo<0; class 1 (not contaminated to moderately
contaminated) value 0<l_geo<1; class 2 (medium polluted)
value 1<I_geo<2; class 3 (moderate to heavily polluted)
value 2<l_geo<3; class 4 (sufficiently polluted) value
3<1_geo<4; class 5 (severely polluted) value 4<I_geo<5;
and grade 6 (extremely polluted) the value of |_geo>5. The
mean value of 1_geo Pb, Cd and Hg in this study was
greater than 0 but less than 1 (0<l_geo<1) or included in
class 1, meaning that the sediment at all observation
stations was categorized as lightly polluted.

Heavy metal analysis in Cheumatopsyche sp.

Heavy metal concentrations (Pb, Cd and Hg) in this
study were measured in all body parts of the larvae of
Cheumatopsyche sp. found at each observation station. The
measurement results are presented in Table 3.

Table 2. Contamination factor value and metal geoaccumulation index Pb, Cd and Hg

Station CF-Pb CF-Cd CF-Hg igeo-Pb igeo-Cd igeo-Hg
1 0.578 0.141 0.274 0.242 0.047 0.072
2 0.829 0.263 0.402 0.347 0.088 0.107
3 1.059 0.294 0.355 0.444 0.098 0.094
4 0.744 0.215 0.291 0.312 0.072 0.077
5 0.817 0.336 0.286 0.342 0.112 0.076
Mean 0.805 0.250 0.322 0.337 0.084 0.085
Table 3. Heavy metal concentrations (Pb, Cd and Hg) of the larvae of Cheumatopsyche sp.
. Cheumatopsyche (ppm) BCF
Station Pb cd Hg Pb Cd Hg
1 0.209 0.082 0.228 0.009 1.156 1.574
2 0.326 0.262 0.461 0.009 1.989 2.169
3 0.446 0.392 0.479 0.010 2.663 2.552
4 0.352 0.255 0.448 0.011 2.367 2.915
5 0.356 0.352 0.365 0.010 2.095 2414
Mean 0.338 0.268 0.396 0.010 2.054 2.325
Limits"/BCF Category 0.2 0.1 0.5 low low low

“BPOM No.5 in year 2018
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Hydropsychidae, in general, has started to be applied as
bioindicator candidates to identify heavy metal
concentrations in rivers. Several studies have reported the
use of this family as a pollutant monitoring tool, especially
heavy metals Tszydel et al. (2016, 2021) and (Rubio-
Gracia et al. 2022). Table 3 shows that heavy metals such
as Pb, Cd and Hg accumulated in the body of
Cheumatopsyche sp. The highest heavy metal values in the
larvae of Cheumatopsyche sp. were all obtained at St3,
with a concentration of 0.479 ppm Hg, followed by Pb
(0.446 ppm) and Cd (0.392 ppm). The total accumulation
of metal concentrations measured in all body parts of the
larvae of Cheumatopsyche sp. along the study area is
presented in Figure 4. In Cheumatopsyche larvae, metal
accumulation was lower in the less contaminated area (St1)
and higher in St3, then decreased in St4 and increased
again in St5. The level of metal concentration was
measured in the larvae of Cheumatopsyche sp. not
significantly different between St2 and St4 (Figure 5).

The results revealed that the metal concentration
throughout the body reflected the metal concentration
observed in the sediment (Figures 4 and 5). The correlation
between the metal concentrations of Pb, Cd and Hg in the
sediment with the total body load of the analyzed larval
samples is presented in Table 4. For all tested correlations,
the p-value was always lower than 0.05, meaning that all
correlations were statistically significant. Furthermore,
multiple linear regression analysis showed that the
concentration of heavy metals in sediments also had a
significant (p<0.05) on total body load with an effect of
91% and resulted in the equation Y= 0.027 + 0.011(X1) +
1.128(X2) + 0.659(X3). This equation shows that if there is
an increase in Pb (X1) of one ppm, it will increase the
bioconcentration of larvae by 0.011 ppm. Similarly,
suppose there is an increase in Cd (X2) level by one ppm.
In that case, it will increase the bioconcentration of larvae
by 1.128 ppm and an increase in Hg (X3) levels by one
ppm will increase the bioconcentration of larvae to about
0.659 ppm.
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Figure 5. Total metals (Pb, Cd, Hg) concentration in whole-body
of Larvae Cheumatopsyche sp. Letters (a-d) indicate a significant
difference (p<0.05) between areas

In this study, measurements of the bioconcentration
factor (BCF) were carried out. The value of this factor can
be used to express the level of bioconcentration by
calculating the toxin concentration in an organism with
levels in the surrounding environment that will produce a
ratio (van der Oost et al. 2003). The higher the ratio, the
more intense the toxin bioconcentration. In this case, the
higher the metal content in the biota, the higher the BCF
value, the higher the organisms that accumulate heavy metals
(Rahayu et al. 2020). The BCF calculation results show that
mercury has a higher bioconcentration factor value (Table
3). This indicates that the larvae of Cheumatopsyche sp. more
effective in accumulating Hg than Pb and Cd. In general, BCF
values indicate that the larvae of Cheumatopsyche sp. are in
the category of low accumulative (BCF<100).

The measurement results also showed that the
concentration of Pb and Cd accumulated in the body of
Cheumatopsyche sp. value had exceeded the number
stipulated by Indonesian Food and Drug Authority or
BPOM Regulation No. 5 of 2018. On the other hand,
although Hg accumulates in the larval body, the
concentration value still does not exceed the set figure. The
measured concentration values, both in sediments and in
larvae, indicate fluctuations due to differences in the
characteristics of the waters of each observation station,
both physical and chemical properties (Edward 2020; Yang
et al. 2020), as well as the ability of Cheumatopsyche sp. in
accumulating every kind of metal (Tszydel et al. 2016). In
this study, the metal concentration in the sediment
increased from Stl to St3. Furthermore, the gradient
decreased at St4 and increased again at St5. The same
pattern occurred in the concentration of metals in the larval
body. In contrast to Pb and Cd, the Hg gradient pattern on
St3-St5 in the sediment and in the larvae decreased. This
gradient pattern may only indicate the degree of
bioavailability, not metal concentrations in sediment.
Although the concentration of Pb in the sediment was
much higher than that of Hg and Cd, the concentration of
Pb was only able to accumulate about 1% in the body. On
the other hand, the concentration of Hg and Cd in the
sediment accumulates about 2x in the body of the biota.

MT levels in Cheumatopsyche sp.

MT levels were measured using the ELISA method on
all parts of the body of Cheumatopsyche sp. The measurement
results can be seen in Figure 6. In this study, although the
distribution of the measured metal concentration values in
the sediment and in the body of Cheumatopsyche sp.,
measured using the AAS method, showed fluctuations, also
the level of sediment CF and larval BCF was low, but the
MT levels measured at each station showed an almost
similar pattern. The MT content gradient of the samples
obtained increased from Stl to St3, then decreased from
St4 to St5. The MT level at St1, the reference site, has the
lowest value of 4637 ng.g. These results indicate that MT
can still be a good biomarker for metal contamination in
these larvae under low environmental exposure. A study by
Freitas et al. (2012) reported the same in macroinvertebrate
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species, Diopatra neapolitana and Cerastoderma edule.
MT can reflect the level of metal bioaccumulation in
various species of benthic organisms.
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Figure 6. Metallothioneins expressed in ng.g ww, in whole-
body of larvae of Cheumatopsyche sp.

Metal binding protein (MT) expression in each
individual or species to respond to the presence of heavy
metal pollution is different, depending on the species,
organ, and age (Amiard et al. 2006). In the present work,
the level of MT levels in the whole body of
Cheumatopsyche sp. showed a relatively lower value when
compared to other macroinvertebrate groups such as clams
(Hertika et al. 2018), Bivalvia and Polichaeta (Freitas et al.
2012) but still higher than tubifex (Widiastuti et al. 2019).
Girgis et al. (2019) state that differences in metallothionein
levels in body tissues of aquatic biota contaminated with
heavy metals were also influenced by an increase in the
amount of metallothionein mMRNA in tissues exposed to
heavy metals in response to different heavy metal flow
rates in the tissues.

River organic matter and heavy metals can accumulate
in the body of Trichoptera larvae (Let et al. 2022), and in
Cheumatopsyche sp. can accumulate in the digestive organs
and cause tissue damage which is indicated by a change in
the surface area of the lumen (Yoga 2014). Heavy metals
can impact aquatic organisms’ physiology (Kadim and
Arfiati 2022). Changes in the surface area of the lumen in
the tissue are a mechanism to deal with the presence of
large amounts of heavy metals and how to get rid of them
through the process of cell decay (Morgan et al. 2002).
Heavy metal detoxification was performed by synthesizing
MT as a form of self-defense and maintaining body
homeostasis (Kemp et al. 2017). Hertika et al. (2018)
reported a positive correlation among the levels of MT with
metals Pb, Cd and Hg. Heavy metal pollutants cause
systemic damage to organisms and induce MT production.
When heavy metals accumulate in the body, the synthesis
of MT can reach its maximum level. Thus, this biomarker
can monitor environmental pollution by heavy metals.
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The relationship between the content of heavy metals
(Pb, Cd and Hg) with the content of MT (quantitative)
in the larvae of Cheumatopsyche sp.

As mentioned in the previous discussion, the
contamination factors of Pb, Cd, Hg in the sediment and
the bioconcentration factor of Cheumatopsyche sp. are still
in the low category. However, the concentration can still
induce metallothionein synthesis in body tissues, so MT
levels are detected at the measurement time. This
corresponds to Dewi et al. (2015), stating that low,
concentrations of metals (such as Cd, Hg, or Pb) have a
relatively high ability to induce metallothionein as a
detoxification mechanism, preventing metal accumulation
in the body. The present work showed that, in areas
contaminated with high heavy metals, the larvae of
Cheumatopsyche sp. showed an increase in MT content in
counter to higher levels of metal contamination. This
revealed that the MT content within these larvae reflects
the level of metal accumulation in the organism.

Heavy metal concentrations have a significant
relationship with MT levels. Amiard et al. (2006) stated
that regression analysis could be used to identify
contributing parameters of MT, such as contaminants,
heavy metals, and natural factors. The results of the
statistical analysis showed that the concentration of heavy
metals in the tissues of Cheumatopsyche sp. larvae has a
significant effect (p>0.05) on MT levels (Table 4), so
multiple linear regression analysis was performed. The test
results showed a significant value (p<0.05), this indicates
that the concentration of Pb, Cd and Hg in the larval body
influences MT levels with the resulting equation Y= 1.795
+ 6.963 (X1) — 2.813 (X2) + 6.874 (X3). This equation
shows that an increase in Pb (X1) of one ppm increased
levels of MT by 6963 ng.g* and an increase in Hg (X3)
levels of 1 ppm would increase levels of MT to around
6874 ng.g*. On the other hand, an increase in Cd (X2)
levels by one ppm will reduce MT levels by 3813 ng.g™. In
previous studies, the levels of MT in the tissues of the
aquatic invertebrates Crassostrea iredalei and Crassostrea
glomerata showed a significant association with the
concentrations of Cd, Hg and Pb metals (Hertika et al.
2018). Metallothionein binds dissolved metals in the tissue
so that biologically the correlation between MT and metals
must be higher to dissolve, preventing the accumulation
(Freitas et al. 2012). Thus, the obtained association
between MT and metals in the larval tissues of
Cheumatopsyche sp. is biologically meaningful.

Table 4. Heavy metal concentrations (Pb, Cd and Hg) of the
larvae of Cheumatopsyche sp.

Cheumatopsyche sp.
Sampel tma_
Pb Cd Hg Cheu* MT
Sedimen
Pb 0.867 - - 0.912 0.673
Cd - 0.834 - 0.803  ns**
Hg - - 0.631 0595  ns**

Cheumatopsyche sp.
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Pb - - - - 0851
cd - - - - 0.738
Hg - - - - 0915

Note: *Total metal accumulation in Cheumatopsyche sp.; **not
significant

The use of biomarkers in evaluating pollution in waters
has begun to be developed in aquatic organisms. One of
them is using specific biomarkers such as MT to determine
the level of heavy metal police. MT is considered a
potential biomarker and has been found and quantified in
the tissues of several aquatic organisms. The metal binding
protein (MT) accumulation in the tissue at the measurement
time can indicate heavy metal contamination.

Previous works reported that MT could be induced by
essential metals Cu and Zn and non-essential metals Cd,
Ag and Hg in vertebrates and invertebrates, but their
induction varies. These variations are intraspecific and
interspecific and are caused by various environmental and
physiological reasons. MT is central to metabolic
management and detoxification of non-essential Cd and Hg
metals in excess intracellularly (Amiard et al. 2006).
Therefore, MTs can be used as biomarkers in a well-
designed environmental monitoring program (Hook et al.
2014; Hertika et al. 2021; Kadim and Risjani 2022). Based
on this study, heavy metals in the sediment affect the MT
levels in the larvae of Cheumatopsyche sp. so that it can be
used as a good candidate for the investigation of heavy
metal pollutant levels through the detection of MT levels.
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