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Abstract. Hertika AMS, Supriatna, Darmawan A, Nugroho BA, Handoko AD, Qurniawatri AY, Prasetyawati RA. 2021. The 
hematological profile of Badher fish (Barbonymus altus) to evaluate water quality in the Badher Bank Conservation Area, Tawangrejo 
Village, Blitar District, East Java, Indonesia. Biodiversitas 22: 2532-2541. Badher fish (Barbonymus altus) is endemic to the Brantas 
River. After years presumably extinct, the Badher fish was found again in 2010 in the Brantas River, Tawangrejo Village, Binangun Sub-
district, Blitar District, East Java, Indonesia. A conservation area, called a Badher Bank, was established in the location. However, human 
activities, such as ecotourism and agricultural waste runoff, have changed water quality and increased water pollution in the Badher Bank 
Conservation Area. This research objective was to observe the hematological profile of badher fish and a set of water quality parameter 
measurements as an environmental factor that affected fish life. Data were obtained from four research stations with three replications every 

two weeks from August to October 2020 at the Brantas River streamline inside the Badher Bank Conservation Area. The Canonical 
Correspondence Analysis (CCA) method was applied to determine the correlation between water quality and hematological profile. 
According to the data analysis, the water quality at Stations 1-3 in the research location was normal, and Station 4 was polluted. The 
analysis also showed that the low dissolved oxygen and high ammonia affected the hematological conditions of Badher fish. All water 
quality parameters affected the condition of leucocytes, erythrocytes, and hemoglobin in moderate concentrations. Besides that, micronuclei 
and hematocrit conditions were strongly influenced by ammonia, temperature, pH, and current velocity in high concentrations, while 
Dissolved Oxygen (DO) and Total Suspended Solid (TSS) affected low concentrations.  
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INTRODUCTION 

The Brantas River that passing through Blitar District is 

a part of Brantas Watershed. It has been determined as one 

of the national priorities and the most critical watershed 

(Decree of the Minister of Public Works and Housing 

Number 268 of 2010; Jariyah 2019). The river has high 

potential fish resources and must be conserved. One of the 

endemic fish in the Brantas River is the Badher fish 

(Barbonymus altus). The Badher fish is characterized by 

red fins (Haryono et al. 2017). After years of disappearing 

and presumably extinct, the Badher fish was found again in 

2010 in the Brantas River, Tawangrejo Village, Binangun 
Sub-district, Blitar District by Kelompok Masyarakat 

Pengawas (Pokmaswas) Fajar Bengawan, a community 

group aiming at supervising, empowering, and managing 

natural potentials in coastal and marine areas. Then, 

Pokmaswas Fajar Bengawan established a conservation 

area over the river for the Badher fish. The conservation 

area was booming in 2014. It turned into ecotourism 

“Omah Iwak Badher Bank” and was signed up as a tourist 

destination in the tourist village program managed by 

Kelompok Sadar Wisata (Pokdarwis), a local institution 

consisting of tourism actors who have the concern and 
responsibility to ensure the implementation and management 

of tourism villages. Nowadays, “Omah Iwak Badher Bank” 

held more activities not only conservation but also workshops, 

competency certifications, meetings, and study tours.  
Land-use change and agricultural activities surrounding 

the conservation area increased the runoff, then affected the 

water quality of the Brantas River. Based on primary land 

use data (2020), “Omah Iwak Badher Bank’s” surrounding 

area is dominated by rice fields and plantations as such, 

water quality may reduce because of agricultural waste 

runoff such as unionized ammonia. The runoff from inland 

agriculture containing urea is relatively large and seeps 

through the soil into the river bodies (Azizah and 

Humairoh 2015). Besides that, fish feeding inside the 

conservation area also contributes to decreasing water 
quality. Law Number 5 of 1990 clearly stated that people 

are prohibited from carrying out activities inside the core 

zone of a conservation area that may change the core zone 

condition. Tourism activities must be carried out in the use 

zone. In contrast, fish feeding as one of the main tourist 

attractions, whose frequency depends on the number of 

visitors, can accumulate suspended solids in the core zone 

or even accumulate at specific points inside the 

conservation area waters. As a result, “Omah Iwak Badher 

Bank”, as a “Badher Bank Conservation Area”, encounters 

new threats due to ecotourism and agricultural waste runoff.  
The threats have been contributing to water pollution 

and the reduction of water quality. Water in the Brantas 

River that passes through the conservation area is presumed 

to have low quality. Water pollution occurs when harmful 
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substances or other components, primarily resulting from 

human activities, contaminated waters, leading to 

decreased water quality where the water can no longer 

serve its purpose (Government Regulation Number 82 of 

2001). Jariyah (2019) stated a significant change in the land 

function happened along the Brantas Riverbank the lands 

have been changed into agriculture and tourism areas 

without considering the environmental aspects.  

Based on these conditions, it is necessary to test the 

hematological profile of Badher fish and the water quality 
because it influences the fish’ life. The hematological 

condition of Badher fish can change quite rapidly because 

their life is closely related to their habitat (Lestari et al. 

2017). Hematological profiles include the total erythrocyte, 

leukocyte, hemoglobin, hematocrit, and micronuclei. The 

profiles can help evaluate fish’s psychological conditions 

and the toxic stressors from the environment (Solleh et al. 

2015). Therefore, this study aims to assess the 

hematological profile of the Badher fish and its correlation 

with water quality. 

MATERIALS AND METHODS 

Study location 

This research was conducted along the Brantas River 

stream at “Omah Iwak Badher Bank”, Tawangrejo Village, 

Binangun Sub-district, Blitar District, East Java, Indonesia 

(Figure 1). Sampling was carried out at four stations 

(utilization zones and core zones) from the east (upstream) 

to west (downstream) of the Brantas River inside the 

conservation area. The four research stations are 

determined using a purposive sampling method, 

intentionally selected to consider land-use data of the 

Badher Bank Conservation Area. It was also conducted 

with three replications every two weeks from August to 

October 2020 for measurement accuracy. 
 

 

 
Table 1. Method of measuring water quality parameter  
 

Parameter Unit Sampling method 

   

Temperature °C Digital Oxygen Meter 
Lutron PDO-520 

pH  Digital pH meter 
Automatic Calibration 

Dissolved Oxygen (DO) mg/L Digital Oxygen Meter 
Lutron PDO-520 

Total Suspended Solid (TSS) mg/L SNI 06-6989.3-2004 
Unionized ammonia (NH3) mg/L SNI 19-7119.1-2005 
Current Velocity m/s SNI 8066:2015 

   

 

 

 

 

 

 
 

 

 

 
Figure 1. Map of sampling locations: Station 1 (8°10’24’’S, 112°21’35”E), Station 2 (8°10’9’’S, 112°21’30”E), Station 3 (8°10’3’’S, 
112°21’18’’E) and Station 4 (8°9’57’’S, 112°21’2’’E) 
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Methods 

Sample of water and laboratory method 

Sample of water taken by using a set of cleaned 

polyethylene bottles, namely SA1-4. This procedure is 

according to Olasoji et al. (2019). After the bottles were 

full, they were transported to the laboratory using a 

coolbox that was already filled with ice cubes for further 

analysis at the Hydrobiology Laboratory, Division of 

Environment and Aquatic Biotechnology, Faculty of 

Fisheries and Marine Sciences, Brawijaya University, 

Malang, Indonesia. The Total Suspended Solid (TSS) and 
unionized ammonia (NH3) were measured based on the 

SNI 06-6989.3-2004 and SNI 19-7119.1-2005 methods. 

The optimal water quality level refers to the Government 

Regulation Number 82 of 2001 concerning Water Quality 

Management and Water Pollution Control. Meanwhile, 

water quality parameters were measured directly on the 

site, such as pH measured using an Automatic Calibration 

Digital pH meter. On the other hand, the Dissolved Oxygen 

(DO) and temperature were measured using a Lutron PDO-

520 Digital Oxygen Meter. Lastly, the current velocity was 

measured using a conventional current meter referring to 
the Indonesian National Standards (SNI) 8066:2015. 

Fish blood sample 

Before Badher fish blood sampling was taken, the 

targeted fish was captured by using fishnet. A total of three 

fishes were caught per sampling location. Blood samples of 

Badher fish were obtained directly from the lateral line of 

the caudal fin of approximately 90 µL using a 1 mL syringe 

containing ±10 µL sodium citrate anticoagulant. The blood 

was then transferred to 1.5 mL Eppendorf according to the 

sample name (DB1-9) and homogenized by referring to the 

method in Arfiati et al. (2020). After sampling of fish blood 

was completed, it was put into a cool-box with ice gels and 
immediately transported to the Laboratory of Parasites and 

Fish Diseases, Faculty of Fisheries and Marine Sciences, 

Brawijaya University, Malang, Indonesia. 

Hematological study 

Hematological parameter testing includes the total 

number of erythrocytes and leucocytes, hematocrit, 

hemoglobin, and micronuclei. Erythrocytes and leucocytes 

were tested using a hemocytometer (Priya et al. 2015; 

Nwani et al. 2016). Hemoglobin was tested using the 

cyanmethemoglobin method (Pawar and Bhilave 2019). 

Furthermore, hematocrit was tested using the micro-
Westergren method (Yaji et al. 2018), and micronuclei 

were tested using the technique from Naqvi et al. (2016). 

Data analysis  

The correlation between water quality and blood 

profiles was analyzed using the CCA (Canonical 

Correspondence Analysis) method. CCA is a multivariate 

analysis that can explain the relationship between 

biological communities and environmental parameters in 

the form of ordination (Yüce and Gönülol 2016). CCA 

analysis was performed using the PAST software version 

4.03. The CCA test was used to figure out the contribution 

of the independent variable to the dependent variable and 

to determine the most influencing parameters of the 

dependent variable (JiaXin et al. 2016). An independent 

variable is a stable variable and unaffected by the other 

variables, while a dependent variable depends on other 

factors measured. In this research, the independent variable 

was the water quality parameters. Meanwhile, the 

dependent variable was hematological profiles (including 

erythrocytes, leukocytes, hemoglobin, hematocrit, and 

micronuclei). 

RESULTS AND DISCUSSION 

Water quality measurement results 

Figure 2 shows the temperature measurements at four 

stations carried out in the Badher Bank conservation area 

streamline. The temperature ranged from 27.3o-30.7oC 

(27.6o-30.7oC at Station 1 and 27.6o-28.7oC at Station 2, 

27.9o-30.3o C at Station 3, and 27.3o-30oC at Station 4). 

The temperature increased at week two at all stations, yet 

there was relatively no difference between Stations 1 to 4. 

The results of the current velocity at the research site 

ranged from 0.6 to 1 m/s. At Station 1 and 4, the current 

velocity ranged from 0.6-1 m/s, at Station 2, the current 
velocity went from 0.7-1 m/s. Meanwhile, the current 

velocity at Stations 3 ranged from 0.7-0.9 m/s. Overall, 

Stations 3 and 4 had slower current velocities than Stations 

1 and 2. 

Furthermore, the TSS results ranged from 11 to 46 

mg/L (11-46 mg/L and 19-29 mg/L at Station 1 and 2, and 

19-33 mg/L and 12-15 mg/L at Station 3 and 4). The high 

TSS results at week three were due to the flood occurring 

during the measurement time. On average, Station 3 had 

the highest TSS. As for the dissolved oxygen (DO) results, 

the levels ranged from 4.4-5.1 mg/L. At Stations 1 and 2, 

the dissolved oxygen results ranged from 4.4-5 mg/L and 
4.7-5.1 mg/L, respectively. Meanwhile, at Stations 3 and 4, 

the dissolved oxygen results ranged from 4.6-4.7 mg/L and 

3.6-3.8 mg/L, respectively. 

Moreover, the pH results ranged from 7.31 to 7.6. 

Slightly different pH results were obtained at each station. 

At Station 1, the pH ranged from 7.31-7.58 and, at Station 

2, the pH results were between 7.34-7.55. At Stations 3 and 

4, the pH ranged from 7.31-7.55 and 7.52-7.6, respectively. 

These results indicated that the pH increased from the first 

to the third week and was relatively unstable. In terms of 

unionized ammonia (NH3), the levels ranged from 0.043 to 
0.246 mg/L. The unionized ammonia at Stations 1 and 2 

ranged from 0.081-0.169 mg/L and 0.043-0.115 mg/L. 

Meanwhile, the unionized ammonia at Stations 3 and 4 

ranged from 0.057-0.214 mg/L and 0.186-0.246 mg/L. 

Hematological properties of Badher fish  

The erythrocytes of the Badher fish (Barbonymus altus) 

from the four stations had an average number of 

1,515,2777 cells/mm3. The range of red blood cell was 

1,400,000-2,940,000 cells/mm3 at Station 1 and 1,380,000-

2,500,000 cells/mm3 at Station 2. Meanwhile, the numbers 
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of blood cells at Stations 3 and 4 ranged from 1,190,000-

2,210,000 cells/mm3 and 800,000-980,000 cells/mm3.  

The leukocytes of the Badher fish (Barbonymus altus) 

from the four stations had an average number of 122,591 

cells/mm3. The number of leukocytes ranged from 69,525-

106,450 cells/mm3 at Station 1 and 89,880-112,300 

cells/mm3 at Station 2. Meanwhile, the numbers of 

leukocytes of the Badher fish at Stations 3 and 4 ranged 

from 112,250-133,500 cells/mm3 and 152,500-199,500 

cells/mm3. 
The hemoglobin results of the Badher fish 

(Barbonymus altus) from the four stations had an average 

value of 6.6 G%. The range of hemoglobin values was 7-8 

G% at Stations 1 and 2. Meanwhile, at Stations 3 and 4, the 

hemoglobin values ranged from 6-7.5 G% and 4.3-4.9 G%. 

The hematocrit of Badher fish (Barbonymus altus) at 

week one at the four stations had an average value of 27%. 

The analysis showed a range of hematocrit at 22-30% at 

Station 1 and 20-25% at Stations 2 and 3. Meanwhile, the 

results of the hematocrit calculation at Station 4 ranged 

from 15-19%. 

The micronuclei calculation of Badher fish 

(Barbonymus altus) at the four stations showed different 

results each week. At Station 1, it was 24-34 cells/1000 at 

week one to three. Meanwhile, at Stations 2 and 3, the 
micronuclei results ranged from 28-43 cells/1000 and 34-

44 cells/1000. The highest micronuclei results came from 

Station 4 with a range of 55-72 cells/1000. 

 
 
 

  

  

  
 
Figure 2. Water quality measurement results (Temperature, pH, Dissolved Oxygen, Total Suspended Solid, NH3, and Current Velocity) 
in the Brantas River, Badher Bank Conservation Area, Tawangrejo Village, Binangun Sub-district, Blitar District, East Java, Indonesia 
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Figure 3. Result of Badher fish hematological profile (erythrocyte, leukocyte, hemoglobin, hematocrit, and micronuclei) 
 

 
 

 
 
Figure 4. Result of CCA (Canonical Correspondence Analysis) between water quality and Badher fish hematological profile 
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Figure 5. Badher fish (Barbonymus altus) collected from Brantas River, Badher Bank Conservation Area, Tawangrejo Village, 
Binangun Sub-district, Blitar District, East Java, Indonesia 
 
 
 

Relation of water quality and hematological properties  

The CCA results, as presented in Figure 3, can be 

interpreted as follows: (i) Because the value of 

erythrocytes, hemoglobin, and hematocrit tended to fall at 

the center of all water quality variables, they could be said 

to associate with temperature, current velocity, and total 

suspended solids (TSS), pH, dissolved oxygen (DO), and 

ammonia with a moderate concentration; (ii) Hematocrit 

and micronuclei were also associated with temperature, 

current, pH, and unionized ammonia with a moderate to a 

high concentration. It was also correlated with TSS and 
DO, which tended to be low-concentrated. 

Discussion 

Based on Figure 2, the water quality of the Brantas 

River in the Badher Bank Conservation Area can be 

classified as normal. The increasing temperature occurred 

at the second week of measurement for all stations, and 

there was relatively no difference between Stations 1-4. So, 

it is considered normal. The temperature in the first and 

third week was lower than that in the second week because 

the weather was cloudy. Meanwhile, in the second week, 

the weather was hot. According to Łaszewski (2016), the 
water temperature can change at any time because it is 

influenced by geographical conditions, especially climatic 

conditions, hydrological regimes, and land use. 

Temperature can affect various aquatic organisms’ 

activities, such as respiration, feed consumption, growth, 

and reproduction. The optimum temperature for the growth 

of freshwater fish is between 27-30°C, with the best for 

growth is at 29°C (Tang et al. 2017).  

Moreover, in terms of current velocity, Stations 3 and 4 

had a slower current velocity than Stations 1 and 2. The 

slow current velocity in Station 3 happened because it is 

located after a river bend and has deeper water. In contrast, 
Station 4 is located at the confluence of two water streams, 

namely the Brantas River and the sugar factory’s waste 

disposal line. According to Puteri et al. (2019), the current 

velocity is influenced by topography such as river bend and 

the depth of water; it has a slow current velocity due to the 

increase of sediment at the river bend area. Shallow water 

increases the current velocity. The study took place during 

the rainy season; thus, rainwater caused high current 

velocity in the conservation area (Ratih et al. 2015; Neno et 

al. 2016; Buwono et al. 2017). The water flow velocity has 

a vital role in distributing nutrients and sediment that fast 

current can carry more nutrients with optimum dissolved 

oxygen (Zhang et al. 2016; Suwandana et al. 2018).  

On the other hand, suspended solids could affect water 

turbidity. Total Suspended Solid (TSS) represents the total 
amount of organic and inorganic particles floating in water 

currents, identical with water pollution (micropollutants 

and heavy metals) and primary production because high 

TSS can reduce the penetration of light entering the waters 

to cover water bodies (Guimarães et al. 2019). The high 

TSS at the third week was due to the flood occurring at the 

time of water measurement. The high number of TSS was 

typical in the rainy season; it caused the increasing erosion 

rate and proved that the sediment was running down into 

the river bodies (Paryono et al. 2017). On average, Station 

3 had the highest amount of TSS. Referring to Government 
Regulation Number 82 of 2001, the maximum amount of 

TSS allowed for class II-water quality is 50 mg/L. 

Meanwhile, the amount of TSS in the Badher Bank 

Conservation Area was still in the range of 11-46 mg/L. 

Thus, it still meets the quality standard for class II-water 

quality and would not harm aquatic organisms’ condition.  

Dissolved Oxygen (DO) is necessary for aquatic 

organisms because it helps respiration and osmoregulation. 

Differences in the amount of DO between stations were 

caused by temperature, high and low organic matter levels, 

and land cover to water surfaces (Patty et al. 2015). The 

amount of DO measured at Station 4 was at a low level. 
But, it had relatively same fluctuations in every week. 

Based on Government Regulation Number 82 of 2001, the 

standard quality value of dissolved oxygen must be ≥ four 

(4) ppm. If it is less than the expected value, it will affect 

the survival rate of aquatic organisms. The dissolved 

2 cm 
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oxygen in the Badher Bank Conservation Area at Stations 

1, 2, and 3 was still normal. However, the result obtained 

from Station 4 was below the DO threshold. It was because 

waste disposal came out from the river streamline of the 

sugar factory.  

The water pH parameter increased from the first to the 

third week of measurement and was relatively 

unfluctuating. According to Hastuti et al. (2016), high pH 

values caused by ammonia cannot be ionized and become 

toxic (unionized ammonia). Based on Government 
Regulation No. 82 of 2001, the permissible pH values for 

aquatic organism life and class II-water quality range from 

6-9. According to Emilia and Mutiara (2019), ammonia is 

correlated with pH. At low pH conditions, ammonia can 

ionize and then turn into ammonium.  

Meanwhile, in alkaline conditions, ammonia cannot be 

ionized and becomes toxic (unionized ammonia). The 

amount of ammonia in the second week was high because 

the paddy fields’ runoff was relatively high. Inland 

agriculture uses relatively high urea and seeps through the 

soil into the river bodies in the form of runoff (Azizah and 
Humairoh 2015). On average, Station 4 had high unionized 

ammonia due to inputs from Stations 1, 2, and 3 and the 

sugar factory’s waste disposal streamline. According to 

Windusari and Sari (2015), the high concentration of 

unionized ammonia in river water can cause the death of 

the aquatic organism. Unionized ammonia is dangerous if it 

reaches a high concentration because it can reduce 

dissolved oxygen (DO) due to unionized ammonia 

dissociation. The high level of unionized ammonia can also 

disrupt the hemoglobin function. Based on Government 

Regulation No. 82 of 2001, unionized ammonia levels have 
a threshold of 0.02 mg/L. Findings suggest that waters in 

the Badher Bank Conservation Area are lightly polluted. 

The pollution was most likely due to discharge from paddy 

fields near the research area and the sugar factory’s 

wastewater. 

Erythrocytes are the main factor and reliable indicator 

in identifying various sources of stress in aquatic organisms 

because toxins can directly affect the oxygen transport 

system in the tissues (Ariweriokuma et al. 2016; Atli et al. 

2016). The number of erythrocytes in Badher fish showed 

that fish from Station 4 had the lowest erythrocytes 

(800,000-980,000 cells/mm3). The standard number of 
erythrocytes was between 1.05 x 106 cells/mm3 and 3.0 x 

106 cells/mm3, depending on the type of fish and 

environmental influencing factors. The number of Badher 

fish erythrocytes at Stations 1, 2, and 3 was normal. But, at 

Station 4, the number of erythrocytes was below the 

threshold, most likely due to the sugar factory’s waste 

disposal. A decrease in hemoglobin and erythrocyte values 

represents the impact of toxins and pathological processes 

on organisms (Ambo et al. 2015).  

Unlike erythrocytes, several stress factors can cause 

changes in the number of white blood cells, and all types of 
leukocytes play an essential role in the immune system 

(Tulgar and Celik 2015). Changes in the number of 

leukocytes are an excellent indicator of environmental 

stressors due to the immune response to toxins (Odo et al. 

2017). Based on the data listed in figure 3, there was an 

increase in white blood cells at each station, in which fish 

at Station 1 showed a lower increase than those in Station 

2. Meanwhile, fish at Station 2 showed a lower increase 

than those in Station 3, and fish at Station 3 showed a 

lower increase than those in Station 4. In summary, fish at 

Station 1, 2, and 3showed normal limits of leukocytes, 

while fish at Station 4 showed leukocytes exceeding the 

threshold due to the sugar factory’s waste disposal. A 

significant increase in white blood cells indicates an 

increase in antibody production to help fish survive and 
fight toxins as a form of immunological reaction (Vaiyanan 

et al. 2015).  

Hemoglobin has a function in the process of 

transporting oxygen and carbon dioxide in erythrocytes 

(Susandi et al. 2017). The results showed that the 

hemoglobin level in Badher fish in this research was 

normal, not exceeding or less than the limit. However, the 

amount of hemoglobin at Station 4 was below the average. 

A low level of hemoglobin causes a low amount of oxygen 

in the blood. According to Sreelekshmy dan Miranda 

(2016), hemoglobin concentration reflects the oxygen 
supply condition in organisms and how these organisms 

can manage it as best as possible to remain stable. A 

decrease in hemoglobin concentration due to industrial 

waste can cause fish to experience a reduction in oxygen 

supply to tissues and cause decreased physical activities of 

the fish. The research shows that at Station 4, hemoglobin 

level was below the average, so it can be ascertained that 

pollution was happening by the sugar factory’s wastewater 

or the input of unionized ammonia from the paddy fields. 

Similarly, the number of erythrocytes at Station 4 was 

below average, or degradation occurred. Kefas et al. (2015) 
state that a decrease in hemoglobin levels is caused by 

damage. A decline in the number of erythrocytes is caused 

by the pathological conditions of fish exposed to toxins.  

Hematocrit is a hematological and biochemical 

parameter that is very important in evaluating fish health, 

especially related to anoxia and moderate hypoxia (Sula et 

al. 2020). Hematocrit is also an excellent indicator to see 

the level of blood cell damage due to infection (Triki et al. 

2016). The hematocrit value in fish below or less than 30% 

indicates erythrocyte deficiency (Putra 2015). Hematocrit 

at Stations 1, 2, and 3 was classified as safe, while at 

Station 4, it was below the threshold due to waste disposal 
of the sugar factory. Changes in hematocrit values describe 

the physiological pressure on fish or the carrying capacity 

of oxygen in the blood (Idzin et al. 2018). This statement is 

relevant to the amount of the low erythrocytes at Station 4, 

showing the presence of infection and erythrocyte damage. 

Besides hemoglobin and hematocrit measurement, 

micronuclei testing is a solid indicator to monitor the 

presence of genotoxic agents causing genetic mutations in 

fish due to pollutants and toxic substances in the aquatic 

environment (Tasneem and Yasmeen 2018). In this 

research, Station 4 showed a high micronuclei number (55-
72 cells/1000) in Badher fish due to the household, 

agriculture, and factory’s waste disposal around the 

conservation area. According to Hussain et al. (2018), river 

waters with a polluted state show a high frequency for 

single micronuclei induction of 50 cells/1000. Disposal of 



HERTIKA et al. – Hematological profile of Badher fish 

 

2539 

treated and untreated waste in waters impacts 

environmental health and the organisms. Micronuclei 

existed in fish living in the polluted water environment. 

The increasing number of micronuclei represented the 

irregularities of number and structural chromosomal 

produced by the various agents in cells, this condition can 

cause potential cytotoxic effects of metals and genotoxic 

agents on the body of organisms (Arslan and Parlak 2017).  

The CCA (Canonical Correspondence Analysis) 

method was carried out based on water quality parameters 
and Badher fish hematological profiles to ensure the 

correlation between the two parameters. CCA analysis was 

performed to analyze the effect of water quality as 

environmental parameters (independent variables) on the 

conditions of the hematological parameters (dependent 

variables), it clearly illustrated on the two axes of the 

diagram (Wang and Yu 2017). The line length of the 

environmental parameter indicates the correlation strength, 

and the line direction shows its correlation with the 

dependent variable. The environmental parameters located 

in the same direction as the dependent variable have a 
positive correlation and vice versa (Silambarasan et al. 

2016). The analysis suggested that erythrocytes, 

leucocytes, and hemoglobin were associated with all water 

quality parameters (DO, TSS, temperature, pH, current 

velocity, and unionized ammonia) at moderate 

concentrations since they were at the midpoint of the x and 

y axes. These results indicate that all parameters are bad 

enough.  

Based on CCA analysis, micronuclei and hematocrit 

parameters were associated with pH, unionized ammonia, 

temperature, and current velocity at high concentrations, 
while DO and TSS at low concentrations. The CCA 

analysis indicated that pH, unionized ammonia, 

temperature, and current velocity significantly affect the 

micronuclei and hematocrit conditions. Meanwhile, DO, 

and TSS affected the micronuclei and hematocrit 

conditions when the two were in low concentration, 

considering that both are closely related to oxygen 

supplies. According to Al-Zahaby et al. (2017), if the living 

environment of the fish being exposed to high-

concentration of unionized ammonia and several 

environmental parameters that directly affect the 

hematological conditions of the fish, such as DO, pH, and 
temperature, it will decrease the total number of 

erythrocytes, hemoglobin, and hematocrit. 

Based on the analysis, it can be concluded that the 

water condition of the Badher Bank Conservation Area was 

classified as normal at Stations 1-3 and polluted at Station 

4. The pollution classification was based on the results of 

water quality parameters and hematological profiles of 

Badher fish below the threshold. Low DO and high 

unionized ammonia degenerated the hematological profiles 

of Badher fish. Degeneration disturbs the oxygen transport 

system (low hemoglobin and hematocrit below 30%). As 
such, the number of leukocytes increased as a form of 

resistance to toxicants or immunological responses. Also, 

micronuclei, an indicator of a genotoxic agent, was high 

enough, indicating a toxic substance entering the fish body. 

pH, DO, temperature, TSS, unionized ammonia, and 

current velocity at high concentrations significantly 

affected leucocytes, erythrocytes, and hemoglobin. In 

contrast, DO and TSS influenced when both were in low 

concentration.  
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