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                     Abstract 
 The ecotoxicological impacts of oxybenzone gain much more attention due to its widespread use and release in aquatic 

environments. In the present study,  Labeo rohita  fi ngerlings were exposed to 3.8, 4, 4.2, and 4.4 mg  L −1  concentrations of 

oxybenzone for 96 h. The 96-h median lethal concentration  (LC 50 ) of oxybenzone was evaluated as 4.05 mg  L −1  and also 

predicted survivability through GUTS-Model (General Unifi ed Threshold Model). Acute exposure to oxybenzone has caused 

diff erent behavioural deviations, including opercular movement, upside-down swimming and jumping tendency. Various 

tissue architectural alterations of the gill [inter lamellar space, partial fusion of Secondary Gill Lamellae (SGL), curling of 

SGL, blood congestion in the fi lament)] and liver (necrotic hepatocytes, blood congestion, pyknotic nucleus, large num-

ber of phagocyte cells, rupturing of the cell structure, fatty infi ltration) were observed in treated groups. Haematological 

parameters, such as Hb content (Haemoglobin), TEC (Total Erythrocyte Count), PCV (Packed Cell Volume), MCH (Mean 

Corpuscular Haemoglobin), MCV (Mean Corpuscular Volume) and MCHC (Mean Corpuscular Haemoglobin Concentra-

tion), were signifi cantly decreased in treated groups in a dose-dependent manner, whereas TLC (Total Leucocyte Count) 

level was increased signifi cantly. Considering the toxicological eff ects of oxybenzone, the study emphasised the need to 

regulate its use and ensure safer disposal for environmental safety.  
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      Introduction 

 Oxybenzone [Benzophenone-3 (BP-3)] is an aromatic hydro-

carbon commonly used in sunscreen agent that absorbs and 

refl ects ultraviolet radiation (Calafat et al.  2008 ). Oxyben-

zone has also been used as an ultraviolet stabiliser in plastic 

surface coatings for food packaging to prevent food photo-

degradation (Suzuki et al.  2005 ) and in the formulation of 

a variety of cosmetic products like shampoo, fragrances, 

lipstick. (Calafat et al.  2008 ; Moreira et al.  2023 ). Oxyben-

zone is a hydrophobic and photo-stable compound which 

has more than 2.4 years of half-life on water surface (Zhang 

et al.  2021 ). The highest detection level of oxybenzone was 

about 5429 ng  L −1 , observed in a surface water sample from 

Hong Kong (Du et al.  2017 ). In India, the highest detection 

level was observed in wastewater effl  uent with a concentra-

tion of 163 to 351 ng  L −1  (Karthikraj and Kannan  2017 ). 

During the monsoon season in the Arkavathi river stream of 

India, the detection level of oxybenzone was found to vary 

between 30 and 112 ng  L −1  (Gopal et al.  2021 ). Oxybenzone 

can be entered into the aquatic environment through direct 

and indirect inputs: direct input by bathing, swimming and 

industrial discharge and indirect input is mostly associated 

with wastewater discharge from household and wastewater-

treatment plants (WWTPs) (Giokas et al.  2007 ; Balmer et al. 

 2005 ; Kim and Choi  2014 ; Scheele et al.  2023 ). Oxyben-

zone is known to persist in the aquatic environment and is 
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bio-accumulative in the bodies of diff erent aquatic organ-

isms (Du et al.  2017 ). Oxybenzone has lethal and sub-lethal 

eff ects on a variety of aquatic organisms, including fi sh, 

algae and invertebrates (Downs et al.  2016 ; DiNardo and 

Downs  2018 ). It also has endocrine and neurological disrup-

tion ability and prevents reproduction of diff erent aquatic 

organisms (Kinnberg et al.  2015 ; Simons et al.  2022 ). 

 Accordingly, the aim of the present study was to evaluate 

96-h  LC 50  value and behavioural deviations by semi-quan-

titative oxybenzone exposure study. Furthermore, various 

histological changes in gill and liver and haematological 

parameters were also assessed. The Indian major carp, 

 Labeo rohita , was selected as the model organism, consid-

ering its signifi cance as a fast-growing, economically valu-

able aquaculture species (Karmakar et al.  2021 ; Nataraj et al. 

 2023 ). Assumingly, the outcomes of the present study can 

help evaluate and classify the ecotoxicological risk assess-

ment of emerging pollutants such as oxybenzone. 

    Materials and methods 

   Procurement and handling of experimental species 

 Healthy fi ngerlings of  L. rohita  were procured from Bengal 

Fish Hatchery of Sonarpur, Kolkata and transported to the 

Wet Laboratory of the Faculty of Fishery Sciences under 

prescribed conditions. The average weight and length of 

experimental fi sh was 15.2 ± 1.7 g and 9.6 ± 1.4 cm respec-

tively. The fi sh were kept in the rectangular fi ber reinforced 

plastic (FRP) tank (800 L) with adequate oxygen and fed 

Growel FishMax feed (30% crude protein) at a rate of 3% 

body weight twice per day. The fi sh stock showed no mortal-

ity during 30 days of laboratory acclimatisation. 

    Test chemical 

 Oxybenzone (CAS No: 13-57-7) was purchased from HiMe-

dia, India, with ≥ 98% purity. In the present experiment, 

absolute ethanol was used as a solvent. A desired stock solu-

tion of oxybenzone was prepared where the fi nal concentra-

tion of solvent was maintained below 0.01%. The required 

volume of stock solution was added to the tanks to get the 

desired concentration of oxybenzone in the water test media. 

    Experimental setup 

   Acute toxicity bioassay and survival rate evaluation 

 The  LC 50  value of oxybenzone for  Labeo rohita  fi ngerlings 

was assessed in accordance with OECD guideline no. 203 

(OECD  2019 ). Based on the range fi nding test, four con-

centrations viz., 3.8  (T 1 ), 4  (T 2 ), 4.2  (T 3 ) and 4.4  (T 4 ) mg 

 L −1  of oxybenzone in duplicate along with control and posi-

tive control (with solvent) were arranged in a static system 

of 200 L FRP tank for 96-h defi nitive acute toxicity test. 

In each tank, 15 fi sh were stocked, and feed was not given 

throughout the experimental period. The physicochemical 

parameters of water such as temperature, pH, dissolved oxy-

gen and alkalinity were analysed twice within 96-h using 

standard methodologies of APHA ( 2005 ). The determined 

concentration of oxybenzone stock solution was added into 

each tank, and observations were taken after 6 h, 12 h, 24 h, 

48 h and 96 h, respectively. The cumulative mortality per-

centage and behavioural changes were noted down during 

the experimental period. The  LC 50  value of Oxybenzone on 

 L. rohita  fi ngerling was evaluated by Finney’s probit analysis 

method (Finney  1971 ). 

 The survival rate of  L. rohita  to oxybenzone at acute level 

was evaluated by the GUTS (General Unifi ed Threshold 

model for Survival) modelling which was executed by Open-

GUTS standalone software. The parameters of the model are 

as follows:  k   d   (the dominat rate constant),  m   w   (median of the 

threshold distribution),  h   b   (the background hazard rate) and 

 b   w   (the killing rate which is only utilized for SD) (Jager et al. 

 2011 ; Jager and Ashauer  2018 ). 

    Behavioral variations 

 The behavioural variations in oxybenzone treated groups 

and control groups were observed at an interval of 12 h. 

Diff erent behavioural changes were observed, including 

opercular movement, jumping tendency, mucus secretion, 

upside-down swimming, loss of equilibrium, rapid jerking 

movement, and frequent surfacing. The frequency of each 

alteration was categorised as none (−); mild (0–25%); mod-

erate (25–50%); strong (50–75%) and very strong (> 75%) 

compared to the control fi sh. 

    Histological alterations 

 Gill and liver tissues were sampled from the experimen-

tal fi sh for histological analysis. The collected sample of 

tissue samples were fi xed in Bouin’s fl uid for 48 to 72 h. 

After fi xation, the samples were transferred to 70% ethyl-

alcohol and kept overnight. The samples were then embed-

ded in paraffi  n and sectioned at 6 μm after dehydration in 

graded series of ethyl alcohol concentrations (85%, 90%, and 

100%). At each concentration, the tissues were immersed 

for 90 min with two changes of the solution. The sections 

were double stained in hematoxylin and eosin (H & E) for 

observation under an Olympus BX51 (Japan) microscope. 

The histopathological analysis was carried out as described 

by Roberts ( 2012 ). 
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    Haematological indices 

 In the present study, fresh blood samples were collected and 

immediately transferred to EDTA tubes (2 ml) and shaken 

well to avoid coagulation. Haematological indices were 

assessed including Total Erythrocyte Count (TEC), eryth-

rocyte index [Mean Corpuscular Volume (MCV), Mean 

Corpuscular Haemoglobin (MCH) and Mean Corpuscu-

lar Haemoglobin Concentration (MCHC)], haemoglobin 

content (Hb), Total Leucocyte Count (TLC) and Packed 

Cell Volume (PCV). Haemoglobin content and PCV were 

determined by haematocrit capillary tube and cyanometha-

moglobin methods (Hesser  1960 ; Van Kampen and Zijlstra 

 1961 ). TEC, erythrocyte index, and TLC were estimated 

using Neubauer’s counting chamber of a haemocytometer 

(Hendricks  1952 ; Shaw  1930 ). 

     Statistical analysis 

 After verifying the normality and homogeneity of the vari-

ance, the mean values were calculated using a one-way 

analysis of variance (ANOVA) in the SPSS software ver-

sion 22.0 (SPSS Inc. Chicago, USA). In order to identify 

statistically signifi cant diff erences, post-hoc comparisons 

of the experimental group mean using Duncan’s multiple 

range test (DMRT) were performed. At the 5% probabil-

ity level, a signifi cant diff erence between the means was 

observed for all data (p ≤ 0.05), and all data were displayed 

as mean ± standard deviation (SD). 

     Results 

   Behavioral changes and  LC 50  evaluation 

 In the present study, diff erent types of behavioural changes 

were observed during exposure to oxybenzone in experimen-

tal tanks. The exposure to oxybenzone increased opercular 

movement, loss of equilibrium, upside-down swimming, 

mucus secretion, frequent surfacing, and jumping tendency, 

which is represented in Table  1 . After 3 h of exposure to 

chemical, experimental fi shes exhibited loss of equilibrium 

and jumping tendency from the tank with increased mucus 

secretion. The opercular movement was observed at 122 ± 4 

beats/min in the control tank and an average of 142 ± 7 beats/

min for the highest exposure concentration. The behavioural 

alterations were increased with increasing the exposure con-

centrations of oxybenzone. There were no observable behav-

ioural changes in the control and positive control tanks. The 

96 h  LC 50  value of oxybenzone on  L. rohita  fi ngerling was 

evaluated as 4.05 mg  L −1 , which is represented in Fig.  1 .          

    Survivability determination 

 The parameters of OpenGUTS model and forecasted  LC 50  

value of oxybenzone in diff erent investigation periods are 

represented in Tables  2  and  3 , respectively. The  k d  value 

determined by GUTS-SD (SD: Stochastic Death model) was 

higher that estimated by GUTS-IT (IT: Individual Toler-

ance model) and the estimated background rate of hazard 

 (h b ) was approximately the same. Furthermore, based on 

AIC (Negative log likelihood of the model) value the fi tted 

performance of GUTS-SD was better than GUTS-IT in the 

case of oxybenzone. The simulation results demonstrate that 

the GUTS-SD model is more effi  cient than GUTS-IT model 

in predicting the survival rate of  L. rohita  fi ngerlings under 

acute oxybenzone exposure condition.   

    Histological alterations 

   Histological changes in gills 

 Diff erent types of histological changes in gill tissue were 

observed in diff erent exposure concentrations of oxyben-

zone. Maximum changes were observed in the highest 

concentration of oxybenzone exposure  (T 4 ), that included 

total fusion of SGL, aneurysms, epithelial lifting, and the 

tip of SGL swelling. Changes in  T 1 ,  T 2  and  T 3  treatments 

  Table 1       Behavioural alterations 

in  L. rohita  fi ngerlings 

following acute oxybenzone 

exposure  

 None −, Mild +, Moderate ++, Strong +++, Very strong ++++ 

  a    At higher concentrations, the symptom was observed within the fi rst 3 h of exposure to oxybenzone 

  Behaviour    Treatments  

  C    C +     T 1     T 2     T 3     T 4   

  Frequent  surfacing a     −    −     +     +++    ++++     ++++   

  Jumping  tendency a     −    −    ++    +++    +++    ++++   

  Opercular movement    −    −    ++    +++    +++    ++++   

  Upside down swimming    −    −    ++    +++    ++++     ++++   

  Mucus secretion    −    −    ++    +++    +++    ++++   

  Loss of equilibrium    −    −    ++    ++    ++    ++++   

  Rapid jerk  movements a     −    −    +    ++    +++    ++++   
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were increased inter lamellae space, partial fusion of SGL, 

curling of SGL, blood congestion in the fi lament, epithelial 

upliftment, tip of the SGL is swelled and aneurysms which 

are represented in Fig.  2 . In present study no changes were 

observed in the gill tissue sample of control and positive 

control group.         

    Histological changes in liver 

 Various types of histological changes in the liver were 

observed in diff erent exposure concentrations of oxyben-

zone. In the present experiment, prominent changes were 

observed in the highest concentration  (T 4 ), but in the con-

trol and positive control groups, no changes were observed. 

In the  T 4  concentration, the noted changes were necrotic 

cells, degenerative cells, vacuolation and rupturing of the 

cell wall. In  T 1 ,  T 2 , and T3 concentrations, major observ-

able changes were necrotic hepatocytes, blood congestion, 

  Fig. 1       96 h  LC 50  response of oxybenzone in  L. rohita  fi ngerlings  

  Table 2       Analysis of GUTS-

model parameters during acute 

exposure of oxybenzone  

 k d  dominant rate constant,  m w : threshold for mortality,  b w : killing rate,  h b : background hazard rate,  F s : 

spread factor for the threshold distribution, AIC: negative log likelihood of the model 

  SD  stochastic death model,  IT  individual tolerance model 

  Symbol    GUTS-REDUCE    Unit    AIC value  

  SD    IT    SD    IT  

  k d     5.592 (3.895–13.66)    0.1493 (0.001641–0.7429)    day −1     314.43    354.66  

  m w     3.735 (3.642–3.776)    1.596 (0.01859–3.678)    ppm  

  b w     0.8461 (0.5801–1.157)    –    ppm −1   day −1   

  h b     1E−6    1E−6    day −1   

  F s     –    6.111 (2.181–16.07)    –  

  Table 3       The estimated  LC 50  value of oxybenzone to  L. rohita  fi nger-

lings  

  Time (day)    LC 50  GUTS-SD (mg  L −1 )  

  1    5.123 (4.765–5.635)  

  4    3.982 (3.925–4.051)  

  7    3.867 (3.804–3.912)  

  14    3.798 (3.718–3.836)  

  28    3.765 (3.677–3.804)  

  50    3.752 (3.658–3.792)  

  100    3.743 (3.647–3.784)  
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  Fig. 2       Histological changes in the gills of  L. rohita  fi ngerlings 

exposed to oxybenzone. No prominent observable changes were 

noted in Control ( C ) and Positive Control ( C   +  ) group[(a). SGL (b) 

intact epithelium layer (c) normal blood vessel (d). primary gill 

lamellae (PL)]. Changes observed in  T   1   concentration [(a) increased 

inter lamellae space, (b) curling of SGL]. In  T   2   concentration [(a) 

blood congestion in the fi lament, (b) partially fusion of SGL, (c) epi-

thelial upliftment]. In  T   3   concentration [(a) tip of the SGL is swelled, 

(b) total fusion of SGL, (c) epithelial upliftment]. In  T   4   concentration 

[(a) total fusion of SGL, (b) aneurysms, (c) epithelial upliftment, (d) 

tip of SGL is swelled]  
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pyknotic nucleus, a large number of phagocyte cells, ruptur-

ing of the cell structure and fatty infi ltration (Fig.  3 ).         

     Haematological indices 

 The changes in haematological indices of  L. rohita  fi nger-

lings exposed to various concentrations of Oxybenzone are 

represented in Table  4 . Treatment-wise, the value of Hb 

content, TEC, PCV, MCV, MCH and MCHC were signifi -

cantly decreased (p ≤ 0.05) compared with the control (C) 

and positive control  (C + ) groups. The lowest value of all 

those parameters was observed in the  T 4  treatment group. 

The value of TLC was signifi cantly increased (p ≤ 0.05) in 

oxybenzone-treated groups throughout the experimental 

period compared to the controls. The highest value of TLC 

was observed in  T 4  treatment group.  

     Discussion 

 The present study largely illustrates diff erent behavioural 

deviations, histological changes and haematological changes 

in  L. rohita  fi ngerlings, which were exposed to diff erent con-

centrations of Oxybenzone. 

 According to Nagelkerken and Munday ( 2016 ), behav-

ioural changes in an organism are the fi rst indication of 

environmental changes. In the present experiment, diff er-

ent behavioural ailments were documented, including fre-

quent surfacing, jumping tendency, opercular movement, 

upside-down swimming, mucus secretion, loss of equilib-

rium, and rapid jerk movements, which are similar to those 

observed in Bishphenol-A (BPA) exposed  Aristichthys nobi-
lis  (Akram et al.  2021 ). Faheem et al. ( 2017 ) reported that 

jerky movement and erratic swimming were observed in  L. 
rohita  exposed to BPA, loss of balance, erratic swimming 

and altered swimming patterns were observed in  Ctenophar-
yngodon idella  (Krishnapriya et al.  2017 ) which support 

the fi ndings of the present study. Omoregie et al. ( 2009 ) 

documented that a high opercular rate was observed due to 

the unfavourable conditions created by the toxicants. The 

abnormal behavioural changes were observed in the fi sh 

body because toxicants mainly aff ect the nervous system 

and other perceptive systems like secretion of mucus, equi-

librium, swimming pattern and air gulping (Sharma and 

Chadha  2021 ). Sharma et al. ( 2019 ) reported that toxicants 

may damage the function of nerve cell bodies, axons and 

myelin sheaths and also can alter the synthesis and release 

of neurotransmitters, which may cause diff erent behavioural 

abnormalities. Excessive mucus secretion was observed due 

to the direct contact between skin and the toxicant (Sharma 

and Chadha  2021 ). Excessive mucus creates a layer between 

the fi sh body and the toxicant to prevent skin irritation and 

inhibits the diff usion of oxygen during the gaseous exchange 

(Kumar et al.  2015 ). Similar fi ndings were observed in  C. 
gariepinus  exposed to Diazinon (Adedeji et al.  2008 ). 

 In the present study, 96-h  LC 50  of Oxybenzone on  L. 
rohita  fi ngerlings was evaluated as 4.05 mg  L −1 . Zhang 

et al. ( 2021 ) reported a 96-h  LC 50  value of 4.74 mg  L −1  for 

Oxybenzone exposure in zebrafi sh embryos, while Du et al. 

( 2017 ) found a 96-h  LC 50  value of 3.80 mg  L −1  for  Oryzias 
latipes . These fi ndings are consistent with the results of the 

present study. The 96-h  LC 50  value of Oxybenzone in  Brach-
ydanio rerio  was 3.90 mg  L −1  (Zhang et al.  2021 ), which 

is also similar to the fi ndings of the present observation. 

According to Pandey et al. ( 2011 ) the variability observed 

in  LC 50  value might be due to deviations in the preparation 

of stock solution, size and age of the experimental species, 

fl uctuation in water quality parameters, etc. 

 Furthermore, the performance of the survival model 

off ers compelling evidence supporting the ongoing selec-

tion of either the SD or IT model for consistent prediction 

of toxic eff ects across various patterns of toxicant exposure. 

These mechanistic eff ect models evaluate the impact of oxy-

benzone on test individuals. The higher predictive accuracy 

of the GUTS-SD model compared to the GUTS-IT suggests 

that fi sh exposed to oxybenzone share a critical threshold, 

beyond which the population is likely to experience random 

deaths. Toxicodynamic insights from the stochastic death 

model suggest that a shared survival threshold within the 

population promotes rapid activation of compensatory and 

damage repair mechanisms compared to individual tolerance 

model (Chukwuka et al.  2022 ). The faster recovery predicted 

by the stochastic model is attributed to the narrow tolerance 

range observed within the test population which justifi ed the 

fi ndings of the present study. This model may be incorpo-

rated to establish a standardized approach for future regula-

tory risk assessments of oxybenzone. (Medda et al.  2022 ). 

 Histological indices are a vital tool to evaluate the early 

toxicological eff ect of any contaminants (Liu et al.  2015 ). 

Dos Santos et al. ( 2021 ) elicited various histological altera-

tions in the gill tissue of  Poecilia reticulate  exposed to dif-

ferent concentrations of oxybenzone for 96-h, which are 

comparable with the fi ndings of the present study. Changes 

like epithelial lifting, fusion of secondary lamellae, hyper-

plasia were induced as defence mechanisms to prevent con-

tact between blood and the external environment (Elshaer 

et al.  2013 ). As a result, the ventilation rate is increased 

and the oxygen uptake is impaired in the fi sh body (Fer-

nandes  2003 ; Cengiz and Unlu  2006 ), which is also associ-

ated with the fi ndings of the present study and supported by 

the increased opercular movement of the exposed fi sh in the 

present experiment. An aneurysm is a localized, balloon-like 

swelling in a blood vessel fi lled with blood which indicates 

the presence of toxicants in the environment as well as body 

of the aff ected fi sh. It poses a serious risk of epithelial rup-

turing and haemorrhage (Rajkumar et al.  2016 ). 
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  Fig. 3       Histological changes in the liver of  L. rohita  fi ngerlings 

exposed to oxybenzone. In the liver tissue of the Control (C) and 

Positive Control  (C + ) groups, no changes were observed [(a) com-

pact cell, (b) proper nuclei structure, (c) phagocyte cells]. Changes 

observed in  T   1   concentration [(a) rupturing of cell wall, (b) a large 

number of phagocyte cells, (c) swelled cell wall]. In  T   2   concentration 

[(a) degenerative cells, (b) fatty infi ltration, (c) pycnotic nuclei]. In  T   3   
concentration [(a) necrotic cells, (b) degenerative cells, (c) vaculation, 

(d) swelling of structure of the cell]. In  T   4   concentration [(a) necrotic 

cells, (b) degenerative cells, (c) vaculation, (d) rupturing of the cell 

wall]  
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 In the present study, histological changes in the liver 

tissue were analogous to the fi ndings of Dos Santos et al. 

( 2021 ) in  P. reticulate  exposed to acute oxybenzone. The 

fi ndings of the present research are also comparable with the 

fi ndings of Liu et al. ( 2015 ) in  Carassius auratus  exposed 

to diff erent concentrations of Benzophenone UV fi lters. 

When fi shes come in contact with the toxicant, blood fl ow 

increases rapidly to the liver. As a consequence, blood con-

gestion and sinusoid dilation were observed, which ensured 

the hepatocyte detoxifi cation process and also justifi ed the 

fi ndings of the present study (Hued et al.  2012 ). Due to this 

hepatocytic detoxifi cation, cell rupturing and haemorrhage 

were reported (Dos Santos et al.  2021 ), which might be simi-

lar to the fi ndings of the present experiment. According to 

Faheem et al. ( 2016 ), degeneration of cells and necrosis of 

cells may be observed due to the congestion of the central 

vein. Liu et al. ( 2015 ) noted that the pyknotic nucleus might 

be due to the deposition of fats and glycogen, which supports 

the results of the present study. 

 According to Sudová et al. ( 2009 ), the evaluation of 

haematological indices mainly represents the typical physi-

ological function of fi sh body and the impact of toxicants. 

The results of the present study are similar to the study of 

Krishnapriya et al. ( 2017 ) in Indian major carp  L. rohita  
exposed to BPA. Senthil et al. ( 2011 ) elaborated that Hb 

content decreased in  C. gariepinus  exposed to Nonylphe-

nol due to blood cell lyses and decreased the hemopoietic 

activity of the kidney, which sustenance the outcomes of 

the present study. The PCV value was elevated might be 

due to anaemia (Senthil et al.  2011 ). Karmakar et al. ( 2021 ) 

justifi ed that the level of TEC is elevated, which increases 

in free radicals, which inhibits the activity of antioxidant 

enzymes. Krishnapriya et al. ( 2017 ) documented that the 

values of MCV and MCH were signifi cantly decreased due 

to the shrinkage of erythrocytes in  L. rohita  exposed to BPA, 

which supports the observation of the present study. Accord-

ing to Krishnapriya et al. ( 2017 ), BPA exposure reduced the 

Hb content of  L. rohita , which resulted in elevated value 

of MCHC. The TLC level in the present study was signifi -

cantly increased to stimulate the immunity function against 

the toxicological effect of oxybenzone, which was also 

documented by Krishnapriya et al. ( 2017 ) in yellow perch 

exposed to BPA for a period of 7 days. Uribe et al. ( 2011 ) 

explained that WBC cells produce a defence mechanism 

through secretion of antibodies against any foreign parti-

cle entering the body. As a result, the TLC level might be 

increased, as documented in the present study. 

    Conclusion 

 The present study reveals various acute toxicological 

impacts of oxybenzone in  L. rohita  fi ngerlings exposed for 

a period of 96-h. Exposure to this toxic pollutant resulted in 

various abnormalities, including behavioural changes, his-

tological alterations in gill and liver tissues, and disruptions 

in haematological parameters. The outcome of the present 

study may help policymakers to understand the eco-toxi-

cological impacts of oxybenzone and regulate its use and 

disposal. 
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  Table 4       Results of haematological indices (mean ± SD) of  L. rohita  fi ngerlings exposed to diff erent concentrations of oxybenzone  

 Signifi cant diff erences between the control and treatment groups are expressed through diff erent alphabetical superscripts 

  Treatments    Parameters  

  Hb contents (g %)    TEC (million/Cu mm.)    TLC (Per Cu mm.)    PCV (%)    MCV (fL)    MCH (pg)    MCHC (gm/dl)  

  C    4.91 ± 0.03 d     1.67 ± 0.03 e     4600 ±  100 a     12.56 ± 0.04 d     30.51 ± 0.24 c     91.45 ± 0.12 d     32.14 ± 0.48 e   

  C +     4.88 ± 0.03 d     1.65 ± 0.04 e     4700 ± 173.21 a     12.54 ± 0.60 d     30.02 ± 0.55 c     90.37 ± 0.43 d     32.30 ± 0.39 e   

  T 1     4.05 ± 0.05 c     1.44 ± 0.07 d     5800 ±  200 b     12.57 ± 0.87 d     28.34 ± 0.74 b     86.32 ± 1.10 c     30.08 ± 0.66 d   

  T 2     3.84 ± 0.86 c     1.31 ± 0.05 c     6566.7 ± 208.17 c     10.43 ± 0.78 c     27.71 ± 1.14 b     83.35 ± 1.25 b     27.04 ± 0.63 c   

  T 3     3.32 ± 0.17 b     1.16 ± 0.04 b     7200 ±  200 d     9.31 ± 0.20 b     23.22 ± 0.41 a     81.32 ± 0.41 a     24.61 ± 0.70 b   

  T 4     2.27 ± 0.20 a     1.03 ± 0.08 a     7666.7 ± 208.17 e     8.32 ± 0.16 a     22.36 ± 0.42 a     80.06 ± 0.66 a     22.20 ± 0.86 a   
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ships that could have appeared to infl uence the work reported in this 

paper. 
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CCSEA) of the West Bengal University of Animal and Fishery Sci-
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