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Toxicity and severe stress of lead (Pb) to hematology 

responses of java barb (Barbonymus gonionotus) 
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Abstract 
The aims of the research are to determine the hematological response of Java Barb which is exposed to 

heavy metal lead (Pb) at different doses. Water pollution occurs due to industrial activities that contain 

toxic materials which are increasing with the development of industrialization. One of the heavy metals 

that cause pollution in Sidoarjo, East Java Indonesia waters is lead (Pb). Heavy metal in waters at can 

affect the life of aquatic biota, especially fish. Lead (Pb) enter the body of an organism through the food 

chain, gills or diffusion through the surface of the skin.  

Lead enters the fish cause toxic effect that increase in oxidative stress, organ damage and changes in the 

biochemical profile of the blood which indicates metabolism in the body is disturbed. Metabolic 

disorders will affect the growth of cultivated fish Java Barb (Barbonymus gonionotus), is one type of 

freshwater fish that is widely cultivated in Indonesia but is very sensitive to changes of water quality. 

The research was an experimental using a completely randomized design consisting of 5 treatments and 4 

replications. The treatment are differences in lead doses, namely A (0 ppm), B (0.66 ppm), C (1.32 ppm), 

D (1.98 ppm) and E (2.65 ppm). The parameters of observation were total erythrocytes, hemoglobin, total 

leukocytes and leukocytes differential, blood glucose and cortisol. Data obtained were analyzed using 

Anova to determine the effect of treatment. Differences between treatments were analyzed using 

Duncan's multiple distance test. 

The results showed that distribution of different lead doses increase the number of leukocytes and reduce 

the total erythrocytes, hemoglobin hematocrit, leukocytes differential, blood glucose and cortisol. 
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Introduction 

Based on the Indonesian Ministry of Industry’s performance report, the metal industries 

increased by 2.94% in 2015. The heavy metals cause pollution in in waters is lead (Pb), for 

example Minamata's disease in Japan's. Fish found in Minamata Bay have lumps such as 

tumors and paralysis [19]. While the mass mortalities due to Pb contamination, this case also 

have occurred in the Center of Java Indonesia [31]. Lead enter the body through the food chain, 

gills or diffusion and the surface of the skin. Lead have a toxic effect cause an increase in 

oxidative stress, organ damage and changes in the biochemical profile of blood which 

indicates metabolism in the body is disturbed. Metabolic disorders will affect the growth of 

cultivated fish [12]. 

Java Barb (Barbonymus gonionous) is a freshwater fish that is widely cultivated and 

economically consumed. Based on aquaculture production data in 2005, production amounted 

to 32,575 MT and continued to increase 132,600 MT in 2009. Fish very sensitive to changes in 

water quality. Physiologically, fish exposed to heavy metals will uptake through the food chain 

as well as passively diffuse through outside organs membranes [15]. Several studies have been 

conducted on lead content in fish, it was found that in Brantas River in Mojokerto Region 

(East Java), the lead in fish reached 0.268 ppm [5]. The results of Sahetapy and Tuhumury [25], 

lead pollution also occurred in the water of Ambon Bay, the range on Baronang (Siganus 

canaliculatus) and Kuweh (Caranx sexfasciatus) are 0.007 - 0.254 ppm. The presence of lead 

in the waters will have an impact on the disruption of fish and human health. In addition, a 

research around the Taloja industry in Mumbai India by Lokhande et al. [8], showed that the 

levels of heavy metals Pb, Cr and Zn were 31.4 mg/L, 35.2 mg/L and 33.1 mg/L respectively. 

The usual parameters for index in determining fish health are total leukocytes, total  
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erythrocytes, hemoglobin, hematocrit, leukocytes differential, 

blood glucose and cortisol. 

This study was conducted to determine hematology responses 

of Java Barb (Barbonymus gonionotus) which were exposed 

to heavy metal lead (Pb) at different doses. The benefit of this 

study is to provide information about the effect of heavy 

metal lead (Pb) exposure in Java Barb (Barbonymus 

gonionotus) through hematology, leukocytes differential and 

cortisol. 

 

Materials and Methods 

Preparation of fish 

Aquarium will be used in this experiment is cleand, sterilized, 

and filled with 40 L of fresh water. The aquarium is aerated 

and 10 Java Barb werw put in each aquarium. The length of 

the fish are 10-12 cm, and aquarium covered to prevent of 

jumping fish when they in severe stress condition. The fish 

were observed for 14 days and recorded daily the mortality. 

 

Master Solutions 

Lead (Pb) solution was created by dissolving 1000 mg/L lead 

(Pb (NO3)2) made from 1.831 g dissolved in 100 ml of 

aquades, poured into a 1000 ml measuring tube and then 

diluted with distilled water to the boundary mark. The 

solution was taken in a certain volume and diluted to obtain 

the required concentration. 

 

Determination of Lethal Concentration (LC50) value 

The LC50 obtained from several test and continued with acute 

toxicity. The upper threshold (LC100-24 h) 100 ppm and lower 

(LC0-48 h) 10 ppm were obtained. The range were used as the 

basis for determining the acute toxicity with doses of 0 ppm, 

15.8 ppm, 24.9 ppm, 39.2 ppm, 61.7 ppm, and 97.1 ppm. 

Acute toxicity test was carried out for 96 hours with three 

replications. The 96-hour mortality data were analyzed using 

probity analysis to obtain the LC50 value. Based on the 

probity analysis, the LC50 were 33.11 ppm. The LC50 used to 

determine the dose in the sub chronic test. Sub chronic test 

were P0 (control), P1 (2% from LC50-96 hours), P2 (4% from 

LC50-96 hours), P3 (6%) LC50-96 hours), and P4 (8%) LC50-

96 hours). 

 

Blood samples 

Blood samples were taken by 1-2 cc syringes as much as ± 

1ml that has been rinsed before with Ethylene Diamine Tetra 

Acetic acid (EDTA) 10% as an anticoagulant. Blood taken 

from caudal peduncle then inserted to the tube immediately 

for next experiment. 

 

Total leukocytes 

The procedure for calculating leukocyte according to Blaxhall 

and Daisley [4]. The white blood cell or total leukocyte is 

calculated with the aid of a microscope at 400X 

magnification. The total leukocyte is calculated by counting 

cells in 4 small squares, according to the formula: ∑ 

Leukocyte = ∑ counted leukocyte cells x 50 cell/mm³. 

 

Total erythrocytes 

The calculation of erythrocytes according to Blaxhall dan 

Daisley [4]. The total erythrocyte was calculated by counting 

cells in 5 small hemocytometer with light microscope at 400X 

magnification, according to the formula: t = (A/N) x (1/V) x 

Fp. 

 

Hemoglobin  

Hemoglobin is a metalloprotein in red blood cells that 

functions as a carrier of oxygen from the gills throughout the 

body, as well as carriers of carbon dioxide back to the gills to 

be discharged out of the body. The calculation procedure for 

hemoglobin refers to the Srivastava et al. [29] hemoglobin is 

expressed in gram per deciliter (g/dl). To be sure the tissue 

oxygenation a sufficient hemoglobin level must be 

maintenance. 

 

Hematocrit  

blood samples were taken by 1 cc syringes. Blood was taken 

from the heart, immediately were inserted into micro 

hematocrit tubes of up to 3/4 parts, then corked with 

crytoceals about 1 mm deep. Blood samples were centrifuged 

at 5,000 rpm for 5 minutes. The length of blood settles, and 

total length of blood volume contained in the tube is measured 

using a ruler. Determination of hematocrit levels using a 

microhematocrit reader. Hematocrit levels are expressed as % 

of the volume of solid blood cells, Anderson and Siwicki [1]. 

 

Leukocyte differential 

Leukocyte differential calculation according to Amlacher 

[26], briefly, starting coloring the specimen using Giemsa to 

facilitate easy observation. Specimens were observed with a 

microscope at magnification 400 times. The percentage of 

leukocyte cells is calculated by observing as many as 10 

fields. The leucocyte grouped according to type (basophils, 

lymphocytes, monocytes, neutrophils, and eosinophils). The 

calculation of the lymphocyte, neutrophil, monocyte, and 

platelet cells number in mathematics as follows: 

 

 
 

 
 

 
 

 
 

 
 

 
 

Cortisol  

Plasma cortisol were measured by the radioimmunoassay 

(RIA) kit technique. The kit consists of 1 vial tracer (cortisol 

labeled with iodine), 6 standards, 1 antiserum, serum control, 

and 2 tube boxes for serum samples. Cortisol measured by the 

Enzyme-Linked Immunosorbent Assay (ELISA) method 

competitive type of ELISA Sink et al., [27] 

 

Blood glucose  

Glucossure kit is used to measure blood glucose (AGM-2100 

Glucosure kit, Easy Touch Glucosure). Fish blood was 

dropped on the glucose strip test, wait for 10 second, and 

glucose blood content was read [12]. 
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Results and Discussion 

The results showed that distribution of heavy metal lead (Pb) 

in Java Barb were different on each parameter compared to 

the control. The results were summarized in the Table 1. 

Table 1 stated that the average lowest leukocyte in P1 (0 ppm) 

is 3.09 x104 cell/mm3 and the highest leukocyte found in P5 

(2.65 ppm) which is 7, 69 x104 cell/mm3. The results showed 

that the average number of leukocytes is not increase but in 

normal range. According to Sasongko [14]. The normal 

leukocyte Java Barb ranges between 20,000-150,000 cells 

/mm3. The leukocytes are in normal condition indicates that 

the process of hematopoiesis still occurs even though it has 

been exposed to lead chloride. The number of leukocytes in 

fish influenced by several factors, namely type or species, age 

and muscle activity. According to Sugito et al. [16], leukocytes 

will decrease if fish in a severe stress condition. Leukocytes 

will increase in infected fish as a form of the body's immune 

response against microorganisms. The increase of white blood 

cells indicates that fish immune is responding to the presence 

of foreign objects that enter their body. 

The average results of the lowest number of erythrocytes were 

obtained in P5 (2.65 ppm), which was 1.04 x106 cell/mm3 and 

the highest number of erythrocytes in P1 (0 ppm) was 2.98 

x106 cells/mm3. The Analysis of Variance (ANOVA) and 

followed by Duncan test are 95% confidence, the interval 

showed there is a significant difference. The results showed 

that the number of erytocytes was in the normal range except 

in P5 (2.65 ppm) erythrocytes were below the normal. 

 
Table 1: Hematology of fish exposed to Lead 

 

Lead Concentration (ppm) 
Parameter 

Leukocytes (x104 cell/mm3) Erythrocyte (x106 cell/mm3) Hemoglobin (g %) Hematocrit (%) 

P1 (0 ppm) 3.09a ± 0,040 2.98d ± 0,039 6.23b ± 1.59 22.15c ± 0.55 

P2 (0.66 ppm) 4.75b ± 0,194 1.99c ± 0,030 6.35b ± 0.33 21.95c ± 1.17 

P3 (1.32 ppm) 5.63c ± 0,023 1.18b ± 0,029 6.67b ± 0.57 17.80b ± 0.42 

P4 (1.98 ppm) 7.25d ±0,074 1.12ab ± 0,025 5.83ab ± 0.30 12.67a ±0.45 

P5 (2.65 ppm) 7.69d ± 0,012 1.04a ± 0,009 4.77a ± 0.47 12.67a ± 0.74 

Note: Notations shown with different superscript letters in the same column indicate significant differences (p<0.05). 
 

The red blood cells (erythrocytes) in the normal state of 

teleost is 1.05x106-3,0x106 cell/mm3 but varies depending on 

species, stress and ambient temperature conditions, Mulyani 
[10]. The number of erythrocytes below the normal indicates 

that fish in an anemic condition caused by free ions lead due 

to toxicity of which can damage the erythrocytes. According 

to Wahyuni, [52], heavy metal lead can cause erythrocyte 

damage and the reduce the of erythrocyte solid volume. 

The hemoglobin fish exposed to Pb is 4-7.6 gr/dl. The Hb is 

lower than reported by Bastiawan et al. [2]., 12.0 gr/dl – 14 

gr/dl. The results of exposure to lead have a significant effect 

to Java Barb <0.05 which identified that there is influence 

between heavy lead (Pb) on hemoglobin levels.  

 
Table 2: Leukocytes Differential on Lead Exposed Java Barb 

 

Lead Concentration (ppm) 
Parameter 

Basophils (%) Lymphocytes (%) Monocytes (%) Neutrophils (%) Eosinophils (%) 

P1 (0 ppm) 0.25 ± 0,00a 53.50 ± 0,01a 44.00 ± 0,02a 1.75 ± 0,00a 0.50 ± 0,00a 

P2 (0.66 ppm) 1.00 ± 0,00a 49.25 ± 0,01b 46.50 ± 0,03a 2.00 ± 0,00a 1.25 ± 0,01a 

P3 (1.32 ppm) 1.75 ± 0,00a 47.00 ± 0,04b 45.50 ± 0,05a 3.50 ± 0,01b 2.25 ± 0,01b 

P4 (1.98 ppm) 3.25 ± 0,01b 43.25 ± 0,02c 47.50 ± 0,04a 3.25 ± 0,01b 2.75 ± 0,02b 

P5 (2.65 ppm) 4.50 ± 0,01c 41.00 ± 0,02c 43.25 ± 0,03a 7.50 ± 0,01c 3.75 ± 0,00c 

Note: Notations shown with different superscript letters in the same column indicate significant differences (p<0.05). 

 

The presence lead in fish body will interfere their hemoglobin 

synthesis. Other than biosynthesis disruption, hemoglobin 

also caused by fish stress due to inappropriate environment. 

The lowest hematocrit after Pb exposure was found in P5 

(2.65 ppm), which was 12.67% and the highest hematocrit in 

P1 treatment (0 ppm) were 22.15%. According to Royan et al. 
[13], normal hematocrit values ranged between 21.00% - 

22.67%. Hematocrit above the normal indicate that the 

process of hematopoiesis begins to be disrupted due to lead 

chloride exposure. According to Mazur and Iwana [9], stress 

conditions in animals can cause an increase in hematocrit 

values. Hematocrit values are closely related to the number of 

red blood cells. Hematocrit values in teleost range from 20-

30% and some marine fish species 42%. Hematocrit values 

are also influenced by gender, body size and spawning period 

Jawad et al., [7]. 

The leukocyte differential of eosinophil and basophil cells is 

presented in Table 2, treated fish increase P1 to P4. This 

showed that an increase in eosinophil and basophil as an 

immune response to toxins is revealed. Eosinophils and 

basophils play a role in parasitic infections and allergic 

responses, associated with acute diseases [11]. Therefore, fish 

in normal conditions or not severe health conditions, both 

eosinophils and basophil are rarely found in P1 (0 ppm). The 

highest monocyte cell percentage increase occurs in P4 (1.89 

ppm), this is related monocytes role to destroy foreign objects 

that enter the blood. Monocytes are cells in the bloodstream 

and develop into macrophages. An increase in the number of 

monocytes occurs during tissue requirements for the process 

of macromolecular Phagocytosis and can be found in the 

healing phase of infection [3]. The lowest monocyte cells 

percentage decrease occurs in P5 (2.65 ppm) this occurs 

because in addition to acting as an anti-inflammatory, 

corticosteroid hormone also plays a role in suppressing the 

immune response.  

The average results of glucosa and cortisol is presented on 

Tabel 3. The highest cortisol levels showed in P5 (2.65 ppm) 

is 41.69 µg/dL were not significantly different from the P4 

(1.98 ppm), 38.47 µg/dL (Table 3). P1 (control) showed the 

lowest cortisol, 9.36 µg/dL. The high level caused by 

hormonal response to stress that stimulates the hypothalamus 

to produce CRH. CRH release will stimulate the release of 

http://www.fisheriesjournal.com/
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ACTH by the anterior pituitary, then ACTH stimulates the 

adrenal cortex to release cortisol. When stressed, fish will 

release cortisol to the bloodstream as an effort to recover from 

stress [23]. Normal cortisol of fish is 0.7449-3.7246 µg/d [22], 

and the results indicated fish in stress condition. 

 
 

Table 3: The average results of blood glucose and cortisol 
 

Lead Concentration (ppm) 
Parameter 

Cortisol Level (µg/dL) ± SD Glucose Level (mg/dL) ± SD 

P1 (0 ppm) 9.36a±3.4s 60.00a ±3.36 

P2 (0.66 ppm) 23.53b±2.75 93.25b ±4.92 

P3 (1.32 ppm) 30.45c±0.92 129.25c ±6.99 

P4 (1.98 ppm) 38.47d±1.28 150.50d ±1.73 

P5 (2.65 ppm) 41.69d±1.48 159.50e ±2.88 

 

Hyperglycemia is one of the secondary effects of stress 

caused by the primary response from excessive cortisol 

release [28]. Cortisol mobilizes and increases glucose 

production through the pathway of glucogenesis and 

glycogenolysis [24]. Glucose production is mediated by 

cortisol which in turn stimulates liver gluconeogenesis and at 

the same time ceases the absorption of sugar [17]. The results 

of the average blood glucose levels analysis during the study 

showed a significant difference from each treatment. The P5 

(2.65 ppm) shows the highest blood glucose level of 159.50 

mg/dL. The lowest blood glucose level was seen in P1 or 

control at 60 mg/dL in accordance with the normal blood 

glucose level limit according to Bartonkova [30s of 40-90 

mg/dL.  
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