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Abstract 
 

The presence of heavy metals, which are typically released into water bodies as a result of 

fast industrialization, causes the aquatic environment to become extremely contaminated. 

Chromium is one of the most common heavy metals in the environment and is used in several 

types of industries. The effect of sublethal toxicity of hexavalent chromium Cr (VI) on 

hematological indices of the Nile tilapia, Oreochromis niloticus has been analyzed following 

exposure of concentration 9.349 mg/L and 18.698 mg/L (10% & 20% of LC50 value) of 

potassium dichromate (K2Cr2O7) as hexavalent chromium for 7, 15, 30 days. Hematological 

parameters are the most important indicators of fish health status. The aim of this study was 

to determine the effect of Cr (VI) toxicity on hematological parameters in O. niloticus. The 

results show that hemoglobin percentage (Hb%), red blood cell (RBC), mean corpuscular 

volume (MCV), and platelet count level were significantly (P > 0.05) decreased and the total 

count of white blood cell (WBC) was significantly (P > 0.05) increased with increasing time 

of exposure at a concentration of 9.349 mg/L of K2Cr2O7 in the test groups compared to the 

control group. At the concentration of 18.69 mg/L, Hb%, RBC, MCV, mean corpuscular 

hemoglobin concentration (MCHC), and platelet count level were significantly (P > 0.05) 

decreased and the total count of WBC and erythrocyte sedimentation rate (ESR) value were 

significantly (P > 0.05) increased with the increasing time of exposure in the test groups 

compared to the control group. To study the R2 value of the linear regression equation, we 

found that the trend of the chronic toxic effect of hexavalent chromium at 60 and 90 days of 

both the sublethal concentrations 9.349 mg/L and 18.69 mg/L of K2Cr2O7, where the value 

of Hb, RBC, packed volume cell (PCV), MCV are found to drastically decreased and the 

value ESR and WBC are found to drastically increased in the experimental groups compared 

to the control group. The investigation recommended that the presence of hexavalent 

chromium in the aquatic medium has a strong impact on the hematological indices in O. 

niloticus.  

Keywords: Hexavalent chromium, Oreochromis niloticus, Hematological parameters, LC50 

of hexavalent chromium, Linear regression. 

1. Introduction 
The Nile tilapia, Oreochromis niloticus is one of the most important freshwater fish in global 

aquaculture (Gretchen et al., 2012). It is popular for its high growth performance and high national and 

local market demand (M. Menaga and K. Fitzsimmons, 2017). This is one of the most consumed fish 

species in India after carp. After being introduced to India from Africa in 1987, it has been contributing 

a lot, estimated to be 22000 tones in 2020 annually to the aquaculture industry (M. Menaga and K. 

Fitzsimmons, 2017). This fish is omnivorous i.e they consume zooplankton, phytoplankton, and insects. 

The species has the ability to tolerate a wide range of environmental conditions and show satisfactory 

production. (Peterson et al., 2005; Singh et al., 2011; Chakraborty et al., 2009).  

Heavy metals are a major aquatic environmental hazard, although they have biological importance as 

micronutrients. Over the previous few decades, the enormous expansion in the use of heavy metals has 

automatically resulted in an amplified inflow of heavy metals in the aquatic medium (Islam et al., 2021). 

The heavy metals have diversified effects and their different scales of concentration stimulated toxic 
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effects on aquatic organisms. Most heavy metal ions have toxic effects on nature and give rise to a threat 

to the environment and human health (Di-Giulio and Hinton, 2008; Farombi et al., 2007). An earlier 

study has revealed that heavy metal contamination decreased the production of fish (Lu et al., 2015). 

Therefore, it is necessary to control the heavy metal use in industry. Moreover, the toxic effect of heavy 

metals are hazardous impacts on aquatic organisms that ultimately lead the major human health concern 

(Ullah, et al., 2017; Rajeshkumar and Li, 2018; Maurya et al. 2019; Kortei et al. 2020). 

Chromium enters the aquatic environment via the effluents discharged from different types of industries 

like tanneries, electroplating, textiles, dyeing, mining, and pharmaceutical industries (Monterio et al., 

2002; Palanippan et al., 2009; Mohammed and Sahu, 2019). The most environmentally stable forms of 

chromium are trivalent Cr (III) and hexavalent Cr (VI). In the aquatic environment, the hexavalent form 

of chromium is reduced to the trivalent form (Mushtaq et al., 2022; Bashir et al., 2022). Chromium 

compounds have a biological function in lipid and glucose metabolism as important nutrients. The 

hexavalent form of chromium has a mutagenic and carcinogenic effect in a variety of aquatic organisms 

(Velma et al., 2009). 

Fishes cannot avoid the negative effects of heavy metals contaminants that indicate fish is good bio-

indicators of aquatic pollution, making their adoption as a model in ecotoxicological investigations 

significant. (Ahmad and Ahmad, 2015; Javed et al., 2016). The bioaccumulation of heavy metals in fish 

occurred via the food chain and they enter to the blood circulation and ultimately settled to organs 

(Javed and Usmani, 2012). Fish inhabit in close connection with their aquatic system; hence they are 

very sensitive to chemical and physical changes in water which may be expressed in their hematological 

indices (Wilson and Taylor, 1993). Hematological parameters of fish are being studied progressively 

for monitoring the aquatic environmental pollution and toxicological events as a strong indicator of 

physiological and pathological alterations in the disease examinations (Remyla et al., 2008, Maceda-

Veiga et al., 2015). The chemically originated pollutants can influence the hematological parameters of 

fish. Furthermore, it is reported that hematological parameters are of different sensitivity to different 

types of chemicals and environmental factors (Sijm et al., 1991). 

Hematological indices are considered physiological and pathological indexes of the entire body, hence 

they are significant in diagnosing the health condition of fish introduced to toxicants (Adhikari et al., 

2004). Therefore, Blood parameters like hemoglobin (Hb), red blood cells (RBCs), white blood cell 

(WBC), platelet counts, packed volume cell (PCV), mean corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), and 

erythrocyte sedimentation rate (ESR) have been used as an important marker of heavy metals 

contamination in the water body (Shah and Altindag, 2004).  

The manual method such as the microhaematocrit centrifuge is the common method used to estimate 

hematocrit value (Bull et al., 2000). The use of automated hematology analyzers has rapidly got 

acceptance over the last three decades (Kaznowska and Bystryk , 2011; Chhabra, 2018). The automated 

hematology analyzer has better accuracy than the manual method (Gebretsadkan et al., 2015). Hence 

the automated hematology analyzer was used in the present hematological study. Using the linear 

regression analysis method we found the best-fitted line corresponding to sample values with time (Das, 

2009). We used linear regression to predict the long-term effect of Cr (VI) on the hematological 

parameters of O. niloticus. The linear regression was used in fish toxicology analysis in lot of previous 

research (Suter et al.,1987). 

Since the hematological indices used to assess mammalian health have not yet been sufficiently 

established for use in fish hematology examinations, advanced diagnostic approaches are necessary for 

fish health status. Hematological analysis can provide intrinsic diagnostic information after reference 

values are established. However, there are no critical experiments demonstrating the alteration in 

hematological indices of Oreochromis niloticus exposed to hexavalent chromium. Hence, the objective 

of this study was to assess the long-term impact of Cr (VI) sublethally on the hematological parameters 

of O. niloticus. We applied linear regression for this purpose. 

2. Materials And Methods 

The test specimen, Nile tilapia, O. niloticus were collected from Amda beel, (23⁰11’N, 88⁰32’E), 

Ranaghat, West Bengal, India. There are no industries around the fish collection region. Fishes were 
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acclimatized to the aquarium conditions for 21 days before the test in a dechlorinated water glass 

aquarium (80 L) with sufficient lighting arrangement. The aquarium water was exchanged daily basis 

and fish were properly fed twice a day. The fishes were maintained on a 14 hours light/10 hours dark 

photoperiod. O. niloticus measuring 13 to 15cm in length and 90 to 100 gms weight were used in the 

test. O. niloticus was used as the experimental animal in this test since it has rightly documented 

common biology, short-term development, easily cultured, and yearly reproduction features, hence O. 

niloticus was considered an appropriate model for the toxicity test. 

Chemicals  

Potassium dichromate (K2Cr2O7) [Merck Life Science Private Limited, Vikhroli (East), Mumbai (No. 

DJOD701528)] was used for this test. The stock solution of potassium dichromate was prepared in 

distilled water. The toxicity of potassium dichromate to O. niloticus was measured using a static-

renewal method (APHA, 1989). Required concentrations of potassium dichromate were made from 

potassium dichromate stock solution. The toxicant, potassium dichromate in the experimental glass 

aquarium was changed totally with new solution of the identical concentration every 24 hours. 

Study Design  

The physicochemical properties of the water were determined following the APHA method (APHA, 

1989) and were as follows: water temperature 34.1±1.314°C, pH 6.67±0.170, total hardness (as CaCo3) 

160.52±25.564 mg/L, TDS 818.5±12.974, total alkalinity 68.42±9.340 mg/L, Free CO2 13.92±3.045, 

and dissolved oxygen 7.82±0.736mg/L. Previously, we determined that the LC50 value of the Potassium 

dichromate as hexavalent chromium was 93.49 mg/l [Ghosh and Saha, 2022]. Chronic toxicity studies 

were conducted for 7, 15, and 30 days with five replicates of each treatment. All the glass aquariums 

were filled with 80L of water and 10% of the median lethal concentration (LC50) of Potassium 

dichromate as hexavalent chromium i.e., 9.349 mg/l was added to each glass aquarium. Another 

experimental setup was all the glass aquariums were filled with 80L of water and 20% of the LC50 value 

of Potassium dichromate i.e., 18.698 mg/l was added. Ten fish were introduced into all glass aquariums. 

The Toxicant, K2Cr2O7 was replaced daily basis in all the glass aquariums. 

The blood was collected directly from the heart by cardiac puncture of 7-, 5-, and 30-days treatment for 

both 10% and 20% of LC50 value of K2Cr2O7 as well as control live fish. The blood was taken in EDTA 

containing vial which was kept in an ice-cold medium (Mgbenka et al., 2003). The collected blood 

samples were used to evaluate the hematological indices. The hematological parameters such as RBC, 

Hb, WBC, PCV, MCV, MCH, MCHC, platelet counts, and ESR value were estimated by Mindray BC-

2800Vet automated hematology analyzer following the manufacturer’s instructions (Ode et al., 2017). 

In the last three decades, the use of automated hematology analyzers progressively achieved acceptance 

in the research field (Kaznowska and Bystryk , 2011). The automated hematology analyzer has provided 

better precision than the manual methods (Gebretsadkan, 2015). 

Statistical Analysis 

1. ANOVA is used to analyze the data.  

2. Linear Regression is used to analyze the trend of toxicity on different hematology parameters.  

Equation of Linear Regression 

Let there be n-data points having values (xi,yi), i=1,2,...n. The based line, �̂� = �̂�𝑥𝑖 + �̂� , to fit the scatter 

plot as best as possible and then use this line to predict values of y for given values of xi. Estimate the 

values of m and b by using the least-square criterion, specially, find numbers �̂� and �̂� which minimize 

sum of squared residuals, distances betwen observed 𝑦𝑖 and the line, 𝑦𝑖−�̂�i, 

𝑆 =  ∑ (𝑦𝑖 − �̂�𝑖)2𝑛
𝑖=1 =  ∑ (𝑦𝑖 − (�̂�𝑥𝑖 +  �̂�))

2
𝑛
𝑖=1 . 

Take the derivative of S with respect to both �̂� and �̂� , set them equal them equal to 0, and solve for �̂� 

and �̂� in terms of the x and y coordinates:  

     
𝑑𝑆

𝑑�̂�
= ∑ 2(𝑦𝑖 − �̂�𝑥𝑖 − �̂�)(−𝑥𝑖) = 0 
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𝑑𝑆

𝑑�̂�
= ∑ 2(𝑦𝑖 − �̂�𝑥𝑖 − �̂�)(−1) = 0 

Solving the above two relations we obtain 

    �̂� =
𝑛 ∑ 𝑥𝑖𝑦𝑖−∑ 𝑥𝑖 ∑ 𝑦𝑖

𝑛 ∑ 𝑥𝑖
2−(∑ 𝑥𝑖)2 ,   �̂� = �̅� − �̂��̅�. 

The corresponding regression coefficient (R) is defined by 
∑(𝑥𝑖−�̅�)(𝑦𝑖−�̅�)

√∑(𝑥𝑖−�̅�)2√∑(𝑦𝑖−�̅�)2
 for the best fitted line the 

value of regression coefficient satisfies the relation 0.5<R2 <1. [Das (2009)] 

3. Results and Discussion 

Hb, RBC, WBC, platelet counts, PCV, MCV, MCH, MCHC, and ESR in Nile tilapia, O. niloticus 

exposed to 10% (9.349 mg/l) and 20% (18.698 mg/l) of the LC50 value of 96 hours of hexavalent 

chromium as Potassium dichromate for 7, 15, and 30 days are given in (Table 1 and 2). The results 

revealed that values of Hb%, RBC, MCV, and platelet count levels were significantly (P > 0.05) 

decreased and the total count of WBC was significantly (P > 0.05) increased with increasing time of 

exposure at a concentration of 9.349 mg/L of K2Cr2O7 in the test groups compared to the control group. 

At the concentration of 18.69 mg/L, Hb%, RBC, MCV, mean corpuscular haemoglobin concentration 

(MCHC), and platelet count level were significantly (P > 0.05) decreased and the total count of WBC 

and erythrocyte sedimentation rate (ESR) value were significantly (P > 0.05) increased with the 

increasing time of exposure in the test groups compared to the control group. 

The highest value of Hb% (12.6±0.812), RBC (1.6±0.070), PCV (28.8±5.863), MCV (174±10.690), 

MCHC (39.9±5.739), Platelet count (2.4±0.412) were found in control group and highest the value of 

MCH (43.1±7.605), ESR (27±5.431), WBC (42600±1978.635) were recorded after 30 days of treatment 

of K2Cr2O7 at the concentration of 9.349 mg/L. The minimum value of WBC (16500±1124.722), ESR 

(16±3.741) were found in the control group. The minimum value of MCH (39.3±9.267), MCHC 

(29.6±5.863) after 7 days of treatment and Hb% (8.2±0.628), RBC (1.1±0.1), PCV (20.1±3.546), MCV 

(136.8±12.9), Platelet count (0.31±0.041) after 30 days of treatment were recorded in exposed fish at 

the concentration of 9.349 mg/L.  

The results revealed that Hb%, RBC, PCV, MCV, and Platelet count values decreased gradually from 

the control medium to 30 days of treatment. ESR and total count of WBC increased gradually from the 

control medium to 30 days of treatment when fish is exposed at the concentration of 9.349 mg/L. The 

highest the value of ESR (30±5.431), WBC (34020±5179.479) were recorded after 30 days of treatment 

of K2Cr2O7 at the concentration of 18.698 mg/L. The minimum value of Hb% (7.72±0.465), RBC 

(1.02±0.083), PCV (20.24±2.076), MCV (132.92±12.584), MCH (35.66±8.619), MCHC 

(26.54±3.673), Plateletlet (0.828±0.218) after 30 days of treatment were recorded in exposed fish at the 

concentration of 18.698 mg/L. The results revealed that Hb%, RBC, PCV, MCV, and MCHC, Platelet 

count values decreased gradually from the control medium to 30 days of treatment. ESR and total count 

of WBC increased gradually from the control medium to 30 days of treatment when fish is exposed at 

the concentration of 18.698. 

Table-1: Effect of 9.349 mg/L concentration of Potassium dichromate on haematological parameters 

of Oreochromis niloticus at different days of exposure 

Hematological 

Parameters 

Control 

Medium 

On 7 Days 

Treatment 

On 15 Days 

Treatment 

On 30 Days 

Treatment 

HB (%) 12.6±0.812 9.5±1.286 8.8±0.681 8.2±0.628 

RBC (106mm3) 1.6±0.070 1.4±0.1 1.2±0.158 1.1±0.1 

PCV (%) 28.8±5.863 23.8±5.440 22.26±3.907 20.1±3.546 

MCV (fL) 174±10.690 149.1±15.057 138.1±11.782 136.8±12.9 

MCH (pg) 40.4±12.430 39.3±9.267 41.9±10.657 43.1±7.605 

MCHC (g/L) 39.9±5.739 29.6±5.863 30.3±9.069 31.5±4.904 

PLATELET 

COUNT (106mm3) 2.4±0.412 1.6±0.608 1.1±0.447 0.31±0.041 

ESR (mm/1st hr) 16±3.741 20±5.477 22±4.898 27±5.431 

WBC (per Cumm) 16500±1124.722 21930±1091.787 31300±3265.731 42600±1978.635 
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Table-2: Effect of 18.698 mg/L concentration of Potassium dichromate on haematological parameters 

of Oreochromis niloticus at different days of exposure 

Hematological Parameters 
Control 

Medium 

On 7 Days 

Treatment 

On 15 Days 

Treatment 

On 30 Days 

Treatment 

 

HB (%) 12.6±0.812 10.3±0.777 9.02±0.952 7.72±0.465 

RBC (106mm3) 1.6±0.070 1.36±0.114 1.12±0.130 1.02±0.083 

PCV (%) 28.8±5.863 25.16±4.824 23.44±4.104 20.24±2.076 

MCV (fL) 174±10.690 142.3±16.374 139.72±7.298 132.92±12.584 

MCH (pg) 40.4±12.430 41.2±9.959 37.48±8.436 35.66±8.619 

MCHC (g/L) 39.9±5.739 31.74±7.266 28.52±4.473 26.54±3.673 

PLATELET COUNT (106mm3) 2.4±0.412 1.52±0.389 1.24±0.433 0.828±0.218 

ESR (mm/1st hr) 16±3.741 22±7.6485 25±4.743 30±5.431 

WBC (per Cumm) 16500±1124.722 20080±2015.44 26780±4813.211 34020±5179.479 

Trend Analysis 

In this part of the paper, we shall relate different blood parameters with the effect of hexavalent 

chromium at different sublethal concentration of different days on Nile tilapia, O. niloticus with Linear 

Regression analysis. (Table-3 & 4) First, we consider the value of HB, RBC, PCV, MCH, MCHC, 

Platelet count, ESR, and WBC with sublethal concentration of hexavalent chromium, 9.43 mg/L (10% 

of LC50 of 96 hour) and 18.698 mg/L (20% of LC50 of 96 hour) for 7 days, 15 days, 30 days treatment, 

and control medium.  

Let us denote the characteristic Hematological parameter as Y(x) and the number of days by x then the 

corresponding best fitted line can be presented as Y=f(x). We have presented the best fitted line 

corresponding to different Hematological parameters with 7, 15, 30 days at the 10% and 20% of LC50 

of 96 hour of Hexavalent chromium concentration in Table-3 & 4 (the corresponding best fitted lines in 

each case is given in Fig: A-R) using the said notation.  

Table-3: Regression analysis between Hematological parameters with 7, 15, 30 Days at the 10% of 

LC50 of 96 hour of Hexavalent chromium concentration 

   

 

 

 

 

 

 

 

 

 

Table-4: Regression analysis between Hematological parameters with 7, 15, 30 Days at the 20% of 

LC50 of 96 hour of Hexavalent chromium concentration 

Parameters Linear Regression Equation 

HB f(x)= -0.0544x + 9.7763; R2 = 0.9531 

RBC f(x)= -0.0122x + 1.4452; R2 = 0.8732 

PCV f(x)= - 0.1587x + 24.8042; R2 = 0.994 

MCV f(x)= -0.4773x + 149.6059; R2 = 0.6801 

MCH f(x)= 0.1543x + 38.7592; R2 = 0.86 

MCHC f(x)= 0.0823x + 29.0406; R2 = 0.9995 

PLATELET COUNT f(x)= -0.0556x + 1.9679; R2 = 0.998 

Parameters Linear Regression Equation 

HB f(x)= -0.1089x + 10.9009; R2 = 0.9716 

RBC f(x)= -0.0137x + 1.4048; R2 = 0.8431 

PCV f(x)= -0.2138x + 26.6532; R2 = 1 

MCV f(x)= -0.4137x + 145.4836; R2 = 0.9936 

MCH f(x)= -0.2255x + 42.0224; R2 = 0.8696 

MCHC f(x)= -0.214x + 32.6428; R2 = 0.9065 

PLATELET COUNT f(x)= -0.0298x + 1.7117; R2 = 0.9959 

WBC f(x)= 590.2445x + 1.67291E + 04; R2 = 0.9772 

ESR f(x)= 0.346x + 19.6699; R2 = 0.9991 
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WBC f(x)= 880.0367x + 1.6689E + 04; R2=0.9856 

ESR f(x)= 0.3081x + 17.6601; R2 = 0.9953 

It is clear from the values of R2 from Table-3 and Table-4 (where regression lines for hematological 

parameters with 7, 15, 30 Days at the 10% and 20% of LC50 of 96 hour of hexavalent chromium 

concentration are presented) that the least lines are highly fitted with the data points. To study the R2 

value of the linear regression equation, we can predict the value of Hb%, RBC, PCV, MCV, MCH, 

MCHC, Platelet count, ESR, and WBC with linear regression graph at 60 and 90 days of both the 10% 

and 20% of LC50 of 96 hours of hexavalent chromium concentration (Figs: A-R).  

It is clear from the Fig: A-I that the value of HB, RBC, PCV, MCV drastically decreased and MCH, 

ESR and WBC drastically increased at the concentration of 9.349 mg/L in 90 day’s experimental group 

compared to control group. Platelet count drastically reduced to 0 at 35 days treatment at the 

concentration of 9.349 mg/L. It is also clear from the Fig: J-R that the value of HB, RBC, PCV, MCV, 

MCH, MCHC drastically decreased and ESR, WBC drastically increased at the concentration of 18.698 

mg/L in 90 day’s experimental group compared to control group. Platelet count drastically reduced to 0 

at 57 days treatment at the concentration of 18.698 mg/L mg/L. Only MCH value shows different 

behaviour as its value increased at the concentration of 9.349 mg/L and decreased at the concentration 

of 18.698 mg/L at 90 day’s experimental group compared to control group. 

 

Fig: (A- I): Least square Regression line at 60 and 90 days of the 10% of LC50 of 96 hours of 

hexavalent chromium concentration; (A) Haemoglobin value-Time, (B) RBC vaule-Time, (C) PCV 

value-Time, (D) MCV value- Time, (E) MCH value-Time, (F) MCH value-Time, (G) Platelet count 

value – Time, (H) ESR value-Time, (I) WBC value – Time. 
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Fig: (J- R): Least square Regression line at 60 and 90 days of the 20% of LC50 of 96 hours of 

hexavalent chromium concentration; (J) Haemoglobin value-Time, (K) RBC vaule-Time, (L) PCV 

value-Time, (M) MCV value- Time, (N) MCH value-Time, (O) MCHC value-Time, (P) Platelet count 

value – Time, (Q) ESR value-Time, (R) WBC value – Time. 

Hexavalent chromium is one of the most harmful pollutants to aquatic life. Hence, we aimed to 

investigate the chronic toxicity of hexavalent chromium considering its effects on hematological 

parameters in Nile tilapia, O. niloticus. Several changes were observed in hematological parameters at 

different concentrations of hexavalent chromium of different periods of exposures, which indicates its 

stressful effects on physiology in the O. niloticus. There were Several studies on the evaluation of the 

acute toxicity of chromium in different kinds of fish species. In the current study, the LC50 value of 96 

hours of K2Cr2O7 was 93.49 mg/L in O. niloticus which is more or less similar to some previous studies 

(Krumschnabel and Nawaz, 2004; Velma et al., 2009). The toxicity range of chemicals depends on the 

physiological conditions of the experimental fish exposed in chemicals, habitat, and the purity of the 

chemicals (Sial et al., 2009). 

In the current experiment, significant alterations of the haematological parameters of O. niloticus were 

observed. Generally, toxicants exposure exerts an adverse effect on the hematopoietic organs which in 

turn alters blood parameters. Due to their relationship with the body's defense mechanisms and 

respiration, haematological indices serve as physiological indicators of an environment that is changing 

(Nwani et al., 2014; Beyea et al., 2005). The hematological indices, like Hb, RBC, PCV and total WBC 

counts and other parameters like MCH, MCV, and MCHC may be sensitive to various types of 

pollutants because they are closely interacting with the external environment and they are used to 

measure the physiological condition of animals (Adhikari et al., 2004). 

Previous studies have shown that heavy metals that enter the aquatic environment have a unique harmful 

effect on fish haematological parameters, which is consistent with our current findings (Javed, et al., 

2016; Chaudhary, et al., 2023). Our results are in strong acceptance with earlier research that revealed 

a significant reduction in the value of Hb, RBC, and PVC of freshwater fish introduced to heavy metals 

(Vutkuru, 2005; Majharul Islam et al., 2020; Sen et al., 1992). The reduction in RBC value may be due 

to hemolysis or a low rate of RBC production (Zutshi, et al., 2010; Shaheen and Akhtar, 2012). The 

alteration of hematological parameters may be a result of erythropoiesis being triggered as a defense 
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mechanism against the toxicity of heavy metals. The decline in haematological parameters proved the 

toxicity of Cr (VI) that affects the hemopoietic activities of O. niloticus. 

A significant decrease in Hb concentrations of Tilapia sparrmanii after Chronic exposures of 28 days 

at the concentration of 0.098 and 3.2 mg/l of hexavalent chromium (Remyla et al., 2008). It was reported 

that a reduction of Hb level indicates the anemic state of the fish, because of iron deficiency and the 

following declined used for Hb synthesis (Vosylienė, 1999). The decline in Hb value seems to rely on 

both concentration and duration and could be caused by changes in haemoglobin synthesis. However, 

hemolysis or the inhibition of the hemoglobin-producing enzyme, which results in the interaction of Hb 

with plasma haptoglobins, was the likely cause of the drop in total RBC count and Hb concentration in 

the heavy metal-exposed fish. The harmful effects of heavy metals on the gills and a decrease in oxygen 

value are two typical factors that contribute to the decrease in Hb concentration (Vinodhini and 

Narayanan, 2009). 

A report revealed that PVC value decreased in Tilapia sparrmanii due to chronic exposure of hexavalent 

chromium (Remyla et al., 2008). A decline in the PVC level indicates the weakening of an organism 

condition and create an anemic condition (Gill and Pant, 1985). After exposure to cadmium for 15 and 

45 days, it was discovered that the MCHC level of O. niloticus had significantly decreased (Koprucu et 

al., 2006). The decreased value of MCH and MCHC is positive evidence of faulty Hb synthesis in the 

fish. Alteration in MCH, MCHC, and MCV value due to heavy metal exposure that is directly linked to 

the structural degradation of the RBC membrane, resulting in hemolysis and impeding Hb production. 

(Wiersma et.al., 1998). 

In the present study, the total WBC count increased after exposure to Cr (VI) may be due to stimulation 

for its defense from diseases (Singh and Tandon, 2009). The rise in total WBC count seen in the current 

study was also documented in the blood of fish exposed to heavy metals, suggesting that the bone 

marrow may have been affected by the toxicity of heavy metals (Murugesen and Haniffa, 1985). In the 

present study, with the increasing concentration of Cr (VI) and experiment time, the total WBC count 

increased. An increase in total WBC value following exposure to Cr (VI) appears to be concentration 

and time-dependent and may indicate a stress response that causes an increase in splenic cell production. 

The significant increases in total WBC counts might be due to the increased production of antibody 

(Anandkumar, et al., 2001; Raphael and Kuttan, 2003), which helped the organism in healing and 

survival during exposure to toxic contaminants (Begg and Pankhurst, 2004). This increase in WBC also 

might be due to leukocytosis under chemical stress caused by Cr., resulting from stimulation of 

immunological resistance (Marti et al., 1996). 

The ESR increased significantly in the exposed fish with increasing time and this may conclude the 

concept that immature RBC are being released into the blood circulation after chronic Cr (VI) exposure, 

an increase in serum globulins or fibrinogen or a decrease in serum albumin, may also cause an increase 

in the ESR (Singh and Tandon, 2009). Increase in ESR and total WBC count recommended that the 

anaemia was of macrocytic type (Sampath et al., 2011; Kumari et al., 2016). The decrease in the level 

of Hb, PCV, and platelet count in the present investigation indicated a hemodilution mechanism 

probably due to gill damage. It was reported that Similar results with a significant decline of RBC, Hb, 

PCV, and platelet counts in fishes which were exposed to different types of heavy metals (Allin and 

Wilson, 2000; Singh, D., Nath, 2008). In this study, haematological parameters appeared to be decreased 

due to the low cell count in the blood after Cr (VI) exposure.  

To study the R2 value of the linear regression equation, we found that the trend of the chronic toxic 

effect of Cr (VI) at 60 and 90 days of both the sublethal concentrations 9.349 mg/l and 18.69 mg/l of 

potassium dichromate, where the value of Hb, RBC, PCV, MCV, platelet count are found to reduce 

drastically and the value ESR and WBC are found to reduce drastically at both the sublethal 

concentrations. We also found the platelet count reduced drastically to 0 at concentration of 9.349 mg/L 

on 35 days and at concentration of 18.69 mg/l on 57 days. To analysis the linear regression equations, 

we predict that hexavalent chromium has the chronic effect on hematological parameters of O. niloticus. 

Present the study clearly shows that the alterations in hematological parameters depend on the 

concentration of hexavalent chromium and duration of exposure to O. niloticus. The toxicant entering 
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into fish body are slowly eliminated (James et al., 1996), and hence the hematological profiles got 

effected on account of pollutant toxicity.  

4. Conclusion 

The toxicity of hexavalent chromium was assessed using the hematological status of Oreochromis 

niloticus. Chronic exposure of hexavalent chromium confirmed to be highly toxic to Oreochromis 

niloticus and induced cumulative deleterious effects at haematological profiles. From the current study, 

we confirmed that hematological parameters are highly sensitive indicators for determining the toxicity 

of hexavalent chromium to freshwater fish. The negative consequences of hexavalent chromium reveal 

the anaemia of fish species. We presume that alterations in hematological parameters may be a defensive 

action against the toxicity of hexavalent chromium through the triggering of leucopoiesis. The results 

of the current study reveal the knowledge about hexavalent chromium toxicity in aquatic organisms and 

also found that hematological parameters are sensitive marker to evaluate the toxicity test and 

importance to show the awareness of the pollution in aquatic ecosystem. 
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