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INTRODUCTION 

orth Aceh and Lhokseumawe Regency are potential 
areas in the field of marine and fisheries, such as 

large and small pelagic fish. The production of small pelagic 
fish includes mackerel, snapper, grouper, scad, yellowfin, 
spanish mackerel, and sardines (1), while large pelagic fish 

includes tuna (2). Pelagic fish are an export commodity and 
play a crucial role in global food security (3-5). The 
resources of pelagic fish are limited, thus requiring 
management for sustainability (6). 

North Aceh and Lhokseumawe Regency are also one of 
the industrial areas in Aceh Province based on several 
industries that operate there, such as PT Pupuk Iskandar 

 A  B  S  T  R  A  C  T  

 Trevally (Caranx ignobilis), mackerel (Rastrelliger sp.), and grouper (Epinephelus 

fuscoguttatus) are commercially important species, and their habitats in the waters of North 

Aceh and Lhokseumawe Regency are potentially disturbed by industrial activities. This 

study was conducted to evaluate heavy metals contamination, fish biometrics and growth 

patterns. Data and samples were collected using the purposive sampling method. The data 

collection points were at four locations including station 1 PT Pupuk Iskandar Muda, station 

2 PT ASEAN Aceh Fertilizer, station 3 PT Kertas Kraft Aceh, and station 4 PT Arun Natural 

Gas Liquefaction. The results of biometric analysis including GiSI (Gill Somatic Index), GSI 

(Gonado Somatic Index), GaSI (Gastro Somatic Index), ISI (Intestine Somatic Index), RGL 

(Relative Gut Lengths), and RIL (Relative Intestine Lengths) showed significant differences 

in trevally, mackerel, and grouper fish based on four research locations. The growth pattern 

of trevally and mackerel fish is negative allometric (b < 3), while grouper is positive 

allometric (b > 3). The condition factors of trevally, mackerel and grouper fish at the four 

stations indicated the good condition. Based on research results, the heavy metal (Pb, Cd, 

and Hg) content in the meat of trevally, mackerel and grouper fish, with the average content 

was still below quality standards. 
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Muda, PT ASEAN Aceh Fertilizer, PT Kertas Kraft Aceh, and 
PT Arun Natural Gas Liquefaction, which is now part of the 
Arun Lhokseumawe Special Economic Zone. The massive 
development of industrial areas can increase pollution 
caused by industrial waste disposal (7). Heavy metals are 
found in aquatic environments due to contamination from 
industrial waste, agriculture, and household product waste 
(8). Heavy metal pollution is a serious problem for the 
environment (9). 

The waters of North Aceh and Lhokseumawe Regency 
contain several economically important fish that are 
utilized by the local community, such as mackerel, scad, and 
grouper. Scad is classified as an economic resource derived 
from coastal waters. The mackerel has become one of the 
target catches for fishermen (10). Grouper (Epinephelus 
spp.) is an economically important fish and is widely 
consumed by the community (11). However, industrial 
activities in the regions of North Aceh and Lhokseumawe 
Regency are predicted to pollute fish resources, such as 
heavy metal contamination in fish. The presence of heavy 
metals in aquatic environments can include Fe, Zn, Cu, Mn, 
Cd, Pb, Cr, Ni, Hg, and As (12), with Pb, Cd, Hg, As, and Cr 
being the five most toxic heavy metals found in fish flesh 
(13,14). Monitoring of toxic heavy metals in fish samples is 
very important from the perspectives of nutrition and 
toxicology (15). This monitoring is aimed at avoiding health 
hazards caused by toxic heavy metals through fish 
consumption (16,17). 

This research aims to determine the population 
structure and growth patterns, as well as the heavy metal 
content of Pb, Cd, and Hg in three economically important 
fish species, namely the trevally (Caranx ignobilis), 
mackerel (Rastrelliger sp.), and grouper (Epinephelus 
fuscoguttatus) in the waters of the industrial area of North 
Aceh and Lhokseumawe Regency. The structure of the 
population and growth patterns of important fish species 
are essential for resource management and conservation 

(18). Fish stock assessment is measured based on biological 
population and fishing catch patterns (19), where studies 
are conducted on biometry, condition factors, and the 
length-weight relationship of fish (20). Population 
information aims for fisheries management (21), providing 
accurate assessment and objective management of fishery 
resources (22,23). 

MATERIALS AND METHODS 

Site and Time 

This study was conducted from June to August 2024. 
Data collection and sampling were conducted using the 
purposive sampling method. The data collection points 
during the research were located at four stations around 
the industrial area: the station I at PT Pupuk Iskandar 
Muda, the station II at PT ASEAN Aceh Fertilizer, the station 
III at PT Kertas Kraft Aceh, and the station IV at PT Arun 
Natural Gas Liquefaction (Figure 1). All sampling 
procedures were reviewed and approved by the Committee 
of Ethics for animals used in the Department of Marine 
Science, Faculty of Agriculture, Universitas Malikussaleh 
(ref: 39/UN45.2.5/KP.10.00/2024), which confirmed that 
the study fulfilled all ethical feasibility requirements. 

Samples were collected from catches made directly by 
fishermen and landed in fresh condition. The capture 
technique was carried out using gillnets and fishing gear. As 
the samples were wild-caught, details regarding housing 
and husbandry conditions were not applicable. The 
primary species sampled were trevally (C. ignobilis), 
mackerel (Rastrelliger sp.), and grouper (E. fuscoguttatus). 
A total of 40 samples were collected for each species. The 
mean body length and weight (± SD) for C. ignobilis were 28 
± 8.96 cm and 133 ± 33.34 g, respectively. Rastrelliger sp. 
samples averaged 21 ± 1.62 cm and 128 ± 26.58 g, while E. 
fuscoguttatus samples averaged 26 ± 5.05 cm and 238 ± 
20.87 g.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Four research stations are located within the industrial area of North Aceh 
and Lhokseumawe Regency, with details as follows: Station I is PT Pupuk Iskandar 
Muda, Station II is PT ASEAN Aceh Fertilizer, Station III is PT Kertas Kraft Aceh, and 
Station IV is PT Arun Natural Gas Liquefaction 
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Analysis of Biometric, Length-Weight Relationship, 

and Condition Factors  

The observed biometric parameters include Gill Somatic 
Index (GiSI), Gonadosomatic Index (GSI), Gastrosomatic 
Index (GaSI), Hepatosomatic Index (HSI), Intestinal Somatic 
Index (ISI), Relative Gut Length (RGL), and Relative 
Intestinal Length (RIL). The formulas used in the analysis of 
GiSI, GSI, GaSI, and RGL are based on (24), ISI, and RIL are 
based on the formula by (25). In this analysis, 10 fish 
samples per species were measured at each location. 

iSI =Gill weight gTotal body weight of fish g×100 
 

𝐺𝑆𝐼 =
𝐺𝑜𝑛𝑎𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑇𝑜𝑡𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ (𝑔)
× 100 

 
 

𝐺𝑎𝑆𝐼 =
𝑆𝑡𝑜𝑚𝑎𝑐ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

𝑇𝑜𝑡𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ (𝑔)
× 100 

 
 

𝐼𝑆𝐼 =
𝐼𝑛𝑡𝑒𝑠𝑡𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

𝑇𝑜𝑡𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ (𝑔)
× 100 

 

𝐻𝑆𝐼 =
𝐿𝑖𝑣𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

𝑇𝑜𝑡𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ (𝑔)
× 100 

 

𝑅𝐺𝐿 =
𝑆𝑡𝑜𝑚𝑎𝑐ℎ 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚) 

𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑓𝑖𝑠ℎ (𝑐𝑚)
× 100 

 

𝑅𝐼𝐿 =
𝐼𝑛𝑡𝑒𝑠𝑡𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚) 

𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑓𝑖𝑠ℎ (𝑐𝑚)
× 100 

 
The analysis of the length-weight relationship of fish is 

determined using the functional equation as described by 
(26): 𝑊 = 𝑎𝐿𝑏 , where: W is body weight in grams (g), L is 
total length in millimetres (mm), a is the regression 
intercept (which indicates the initial growth index or 
condition factor), and b is the regression slope which 
represents the allometric growth coefficient. To 
characterize the growth pattern, the allometric growth 
coefficient (b) was statistically tested against the 
theoretical isometric value of 3 using the Student's t-test.  

The physiological condition and relative fatness level 
(plumpness) of fish are assessed using the condition factor 
(K). This index was calculated utilizing the parameters 
derived from the length-weight relationship, with K as the 
condition factor, W as the observed body weight (g), L as 
the total length (mm), and a and b as the computed 

constants from the LWR equation: 𝐾 =
𝑊

𝑎𝐿𝑏 . 

Analysis of Heavy Metals Content Pb, Cd, and Hg 

Analysis of heavy metals contamination in fish was 
carried out using the atomic absorption spectrophotometry 
(AAS) method (Shimadzu AA-7000, Japan). Three samples 
per species were tested at each location. Fish tissue (fish 
muscle tissue) was washed using distilled water. The ashing 
process was carried out using a furnace at a temperature of 

500°C until all samples became ash. The samples were then 
destroyed with nitric acid (HNO3, 65% Suprapur®, Merck, 
Germany) and hydrochloric acid (HCl, 37% ACS reagent, 
Indonesia) solvents. Destruction is carried out to break 
down the form of metal compounds into inorganic metals 
so that they can be analyzed (27). The fish ash sample was 
then dissolved using nitric acid in a ratio of 1:1 and 
transferred into a 100 mL measuring flask homogenized 
with distilled water. The sample was filtered using 
Whatman filter paper (no. 42, Whatman plc, UK) into a test 
tube. After that, the AAS reading process begins when the 
fire button is pressed and the tool will work (this process 
lasts around 5-10 min) until the results can be seen on the 
monitor layer (28). 

Statistical Analysis 

The resultant data on heavy metals concentrations (Pb, 
Cd, and Hg) and biometric indices were subjected to 
statistical analysis, specifically an Analysis of Variance 
(ANOVA), utilizing SPSS software (Version 22). Parameters 
that showed significant differences were then further 
tested by Duncan post-hoc test. This study was limited by 
samples collected at four research sites and did not involve 
control samples. 

RESULTS 

Biometric Parameters of Gills, Gonads, Stomach and 

Intestines  

The analysis of biometric parameters for trevally, 
summarized in Table 1, revealed that only the GiSI and HSI 
exhibited statistically significant differences (P < 0.05) 
among the four sampling stations. Conversely, the GSI, GaSI, 
ISI, RGL, and RIL showed no significant variations (P > 0.05) 
across the locations. For the parameters with significant 
differences, the mean GiSI was highest at Station 2 
(46.4±10.6), which was significantly greater than the mean 
value at Station 3 (22.2±17.2). The mean HSI was highest at 
Station 1 (14.7±3.42), a value significantly elevated 
compared to that of Station 3 (7.25±6.50). Although not 
showing statistical significance, the highest average values 
for other indices were observed at Station 4 for GSI 
(19.3±10.7), Station 2 for GaSI (20.7±4.52) and ISI 
(5.01±0.55), Station 1 for RGL (24.7±3.76), and Station 3 for 
RIL (46.8±6.60). 

 
Table 1. Biometric parameters of trevally fish at four research locations in 
the industrial area of North Aceh and Lhokseumawe Regency, Indonesia 

 

Biometrics Station 1 Station 2 Station 3 Station 4 
GiSI 40.9±10.7 ab 46.4±10.6 b 22.2±7.21 a 37.4±9.06 ab 
GSI 16.8±11.8 a 10.2±5.82 a 4.98±2.30 a 19.3±10.7 a 
GaSI 18.3±3.96 a 20.7±4.52 a 17.0±6.15 a 18.4±4.09 a 
ISI 4.82±0.80 a 5.01±0.55 a 3.76±2.53 a 4.55±0.49 a 
HSI 14.7±3.42 b 14.0±1.67 ab 7.25±6.50 a 14.1±2.09 ab 
RGL 24.7±3.76 a 22.1±3.55 a 18.6±5.40 a 23.9±4.05 a 
RIL 35.9±10.5 a 44.1±3.99 a 46.8±6.60 a 39.4±10.5 a 
Values are mean±SEM. Different superscripts indicate significant differences in the 
same row. GiSI: Gill Somatic Index, GSI: Gonadosomatic Index, GaSI: Gastrosomatic 
Index , HIS: Hepatosomatic Index, ISI: Intestinal Somatic Index, RGL: Relative Gut 
Length, RIL: Relative Intestinal Length 
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Different biometric analysis results were shown in 
mackerel (Rastrelliger sp.), where wide statistical 
differences were observed across sampling sites (Table 2). 
Six of the seven parameters tested (GiSI, GSI, GaSI, ISI, RGL, 
and RIL) showed significant differences (P < 0.05), while 
HSI was the only parameter that was not statistically 
significantly different (P > 0.05) across the four research 
stations. The highest mean values for several indices were 
recorded at Station 1, including GiSI (3.67±0.23), GSI 
(3.77±1.09), and ISI (1.04±0.07). Post-hoc analysis showed 
these values were significantly higher than at one or more 
of the other stations. Conversely, Station 4 showed the 
highest mean values for GaSI (5.19±3.1) and RGL 
(18.68±1.54), both of which were significantly higher 
compared to the other locations. Finally, the highest mean 
RIL value was observed at Station 2 (48.87±8.16), while the 
results in station 4 were significantly higher. 

 
Table 2. Biometric parameters of mackerel fish at four research locations 
in the industrial area of North Aceh and Lhokseumawe Regency, Indonesia 

 

Biometrics Station 1 Station 2 Station 3 Station 4 
GiSI 3.67±0.23 b 3.20±0.18 ab 2.82±0.34 a 2.94±0.60 a 
GSI 3.77±1.09 b 1.91±1.45 a 2.26±0.44 a 1.88±1.08 a 
GaSI 0.85±0.13 a 2.28±3.21 ab 0.75±0.23 a 5.19±3.10 b 
ISI 1.04±0.07 b 0.95±0.12 ab 0.87±0.48 ab 0.66±0.14 a 
HSI 1.16±0.33 a 1.33±0.48 a 1.23±0.22 a 1.18±0.24 a 
RGL 10.8±0.48 a 13.7±4.95 a 12.9±0.49 a 18.7±1.54 b 
RIL 44.6±3.11 b 48.9±8.16 b 44.1±8.89 b 26.6±6.82 a 
Values are mean±SEM. Different superscripts indicate significant differences in the 
same row. GiSI: Gill Somatic Index, GSI: Gonadosomatic Index, GaSI: Gastrosomatic 
Index , HIS: Hepatosomatic Index, ISI: Intestinal Somatic Index, RGL: Relative Gut 
Length, RIL: Relative Intestinal Length 

 
Statistical analysis of biometric parameters for grouper, 

presented in Table 3, shows that most indices are 
homogeneous across the four sampling stations. Only two 
parameters, GiSI and HSI, showed statistically significant 
differences (p < 0.05). The other five parameters (GSI, GaSI, 
ISI, RGL, and RIL) did not show significant variation (p > 
0.05) among the locations. For the parameters showing 
significant differences, the mean GiSI was highest at Station 
1 (4.14±1.27), a value significantly greater than those 
recorded at Station 2 (2.72±0.34) and Station 3 (2.94±0.59). 
The HSI was highest at Station 2 (1.40±0.23), which was 
significantly higher than the mean values at Station 1 
(0.96±0.26) and Station 4 (0.89±0.29). Although no 
statistically significant differences were found for the other 
indices, the highest mean numerical values were observed 
at Station 2 for GSI (0.82±0.94), GaSI (1.78±1.18), and RIL 
(88.2±10.8); at Station 4 for ISI (1.14±0.23); and at Station 
3 for RGL (15.0±5.84). 

 

Table 3. Biometric parameters of grouper fish at four research locations 
in the industrial area of North Aceh and Lhokseumawe Indonesia 

Biometrics Station 1 Station 2 Station 3 Station 4 
GiSI 4.14±1.27 a 2.72±0.34 b 2.94±0.59 b 3.57±0.66 ab 
GSI 0.50±0.77 a 0.82±0.94 a 0.80±0.96 a 0.43±0.81 a 
GaSI 1.50±0.63 a 1.78±1.18 a 1.45±1.07 a 1.32±0.46 a 
ISI 0.73±0.35 a 1.10±0.21 a 0.74±0.27 a 1.14±0.23 a 
HSI 0.96±0.26 b 1.40±0.23 a 1.26±0.35 a 0.89±0.29 b 
RGL 14.1±2.82 a 13.9±3.78 a 15.0±5.84 a 13.6±1.85 a 
RIL 73.6±9.48 a 88.2±10.8 a 78.2±4.88 a 84.9±18.9 a 
Values are mean±SEM. Different superscripts indicate significant differences in the 
same row 

 

Analysis of Allometric Growth and Condition Factors 

The results of the analysis of the length-weight 
relationship and condition factors in trevally, mackerel, and 
grouper were carried out on 40 fish/species, respectively. 
The growth pattern of trevally and mackerel is negative 
allometric (b < 3), while grouper is positive allometric (b > 
3) (Table 4 and Figure 2). The condition factors of trevally, 
mackerel and grouper at the four stations indicate the good 
condition of the fish when viewed in terms of physical 
capacity for survival and reproduction. The condition 
factors of the three species of fish at the four stations are 
trevally reach of 1.03±0.10, mackerel reach of 1.02±0.08, 
and grouper reach of 0.96±0.19. 

 
Table 4. Length-weight relationship, condition factors, and growth 
patterns of trevally, mackerel, and grouper 

Parameters 
Species 

Trevally Mackerel Grouper 
n 40 40 40 
a 0.0396 0.0446 0.0079 
b 2.6879 2.58 3.1607 
R2 0.942 0.775 0.9327 

Growth pattern 
Negative 

allometric 
Negative 

allometric 
Positive 

allometric 
Condition factors 1.03±0.10 a 1.02±0.08 a 0.96±0.19 b 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Heavy Metals Content of Fish Muscle Tissue 

Based on research results, the heavy metals content in 
the muscle tissue of trevally, mackerel and grouper fish, 
with the average content still below quality standards. The 
content of the heavy metals trevally fish was highest at 
station 2 reach of 0.17±0.10, with a Pb quality standard of 

Figure 2. Linear allometric model analysis (LAM) of trevally (blue line), 
mackerel (orange line), and grouper (green line) 
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0.30. Furthermore, the highest heavy metal Cd content was 
found at station 1 at 0.05 ± 0.01, with a Cd quality standard 
of 0.10. The highest Hg heavy metal content was found at 
station 3 at 0.08 ± 0.02, with an Hg quality standard of 0.50 
(Table 5). 

The results of the analysis of the heavy metal content in 
mackerel muscle tissue were the highest heavy metal Pb at 
station 4 reach of 0.17±0.02, with a Pb quality standard of 
0.30. Furthermore, the highest heavy metal Cd content was 
found at stations 2 and 4 at 0.05±0.01, with a Cd quality 
standard of 0.10. The highest Hg heavy metal content was 
found at stations 1 and 3 at 0.07±0.02, with an Hg quality 
standard of 0.50 (Table 5). 

The results of the analysis of the heavy metals content 
in the flesh of grouper fish were that the highest heavy 

metal Pb was at station 1 reach of 0.12±0.01, and station 3 
was 0.12±0.01, with a Pb quality standard of 0.30. 
Furthermore, the highest heavy metal Cd content was found 
at station 4 reach of 0.05±0.01, with a Cd quality standard 
of 0.10. The highest Hg heavy metal content was found at 
stations 1, 3, and 4 reach of 0.07±0.03, with an Hg quality 
standard of 0.50 (Table 5). 

Based on the research results, the content of heavy 
metals Pb, Cd, and Hg in trevally fish, mackerel fish, and 
grouper fish were not significantly different (P < 0.05). The 
highest concentration of the heavy metal Pb was in trevally 
reaching 0.121 ± 0.05, then the highest heavy metal content 
Cd was in mackerel reaching 0.043±0.01, and the highest 
heavy metal content Hg was in grouper reaching 
0.068±0.02 (Table 5).

 
 

Table 5. Heavy metal content in muscle tissue of trevally fish, mackerel fish, and grouper fish 
 

Fish species 
 

Research location 
 Heavy metal concentration (mg/kg) 

  Pb Cd Hg 
Trevally fish   Station 1  0.13±0.04 b 0.05±0.01 a 0.07±0.02 a 
  Station 2  0.17±0.01 a 0.03±0.01 c 0.05±0.02 a 
  Station 3  0.06±0.04 c 0.03±0.01 c 0.08±0.02 a 
  Station 4  0.12±0.01 b 0.04±0.01 b 0.06±0.03 a 
  Quality standard  0.3 0.1 0.5 
       
Mackerel fish   Station 1  0.08±0.04 b 0.04±0.01 b 0.07±0.01 a 
  Station 2  0.10±0.04 b 0.05±0.01 a 0.06±0.03 a 
  Station 3  0.09±0.03 b 0.03±0.01 b 0.07±0.02 a 
  Station 4  0.17±0.02 a 0.05±0.01 a 0.06±0.03 a 
  Quality standard  0.3 0.1 0.5 
       
Grouper fish   Station 1  0.12±0.01 a 0.04±0.01 b 0.07±0.03 a 
  Station 2  0.10±0.04 a 0.04±0.01 b 0.06±0.02 a 
  Station 3  0.12±0.03 a 0.04±0.01 b 0.07±0.03 a 
  Station 4  0.05±0.03 b 0.05±0.01 a 0.07±0.03 a 
  Quality standard  0.3 0.1 0.5 
Values are mean±SEM. Different superscripts indicate significant differences in the same column 

 
 

DISCUSSION 

Biometric analysis is important in providing 
information about fish population growth (29,30). 
Biometric analysis, namely the length-weight relationship, 
shape, and condition factors (31). Fish biometric data for 
fisheries management such as identifying fish population 
structure (32). Fish species taken at the research location 
are economically important resources in the waters of 
North Aceh and Lhokseumawe Regency. 

The growth pattern of fish in the research location in the 
industrial area of North Aceh and Lhokseumawe Regency 
reveal that the trevally and mackerel is negative allometric, 
while grouper is positive allometric. In the waters of the 
Sape Strait, Bima Regency, the growth pattern of trevally is 
negative allometric (33), in the waters of Labu Deli Serdang 
the growth pattern of mackerel is negative allometric (34). 
The growth pattern of Rastrelliger spp. is negative 
allometric at each location (35). In contrast to grouper fish 
(Cephalopolis sonnerati) which are landed in the waters of 
Lhok Peukan Bada, Aceh Besar Regency, their growth 
pattern is negative allometric (36). In the waters of 
Wayaban, Misool, Raja Ampat, grouper fish that are landed, 

such as Cephalopholis sexmaculata, Cephalopholis argus, 
and Plectropomus leopardus are isometric (37). 

The condition factor of the fish at the 4 stations 
consisted of PT Pupuk Iskandar Muda, PT ASEAN Aceh 
Fertilizer, PT Kertas Kraft Aceh, and PT Arun Natural Gas 
Liquefaction where the type of trevally fish with a total of 
1.03±0.10, concluding that the condition of the fish was 
healthy. Mackerel with a total of 1.02±0.08, and grouper 
with a total of 0.96±0.19. The condition factor value for the 
condition of trevally is an average of 1.3, indicating that the 
overall biological condition of the fish is in good health (38). 
The average value of 1.41 indicates that the grouper's body 
is less flat and fleshy and is still growing. This study 
provides information about population structure that can 
be useful in fisheries management and conservation efforts 
(39). 

So far, there is a lack of information regarding the 
quality of fish meat during fishing in waters. The content of 
heavy metals in the meat found at the research locations of 
the four stations, namely trevally, mackerel, and grouper, 
varies, with the average content still below quality 
standards. The highest content of the heavy metal Pb is 
found in trevally fish, namely 0.121 ± 0.05, one of the heavy 
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metal accumulations in the flesh of trevally fish (C. ignobilis) 
is Pb (40), while the highest heavy metal content Cd is 
found in mackerel fish, namely 0.043 ± 0.01, cadmium (Cd) 
is the most common pollutant heavy metal that can be 
discharged into the marine environment (41). The highest 
content of the heavy metal Hg was found in grouper fish, 
namely 0.068 ± 0.02. The levels of heavy metals in the fish 
species studied did not pose any risk to fish and human 
health (42). 

The biological analyses confirmed that although 
population biometrics (including GiSI, GSI, GaSI, ISI, RGL, 
and RIL) showed significant differences across sites, overall 
fish health remained good, as indicated by their condition 
factors. Species-specific growth dynamics were also 
quantified: trevally and mackerel exhibited negative 
allometric growth (b < 3), while grouper exhibited positive 
allometric growth (b > 3). Second, toxicological analyses 
indicated that average heavy metal (Pb, Cd, and Hg) levels 
in edible muscle tissue of all three species remained well 
below established quality standards. In conclusion, these 
findings indicate that despite measurable biometric 
variations across industrial sites, these economically 
important fish populations are currently in good 
physiological condition and remain safe for human 
consumption. 
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