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Chapter – 1 

Residue Analysis of Organochlorine and Organophosphorous Pesticides from a 

Natural Waterbody Using Gas Chromatography Technique 

Introduction 

 Pesticide is any substance or mixture of substances intended for preventing, 

destroying, repelling or mitigating any pest (USEPA, 2014). Although misunderstood to 

refer to insecticides only, the term pesticide is also used for herbicides, fungicides and 

various other chemicals used to control pests. Moreover, in the law of United States “a 

pesticide is also any substance or mixture of substances intended for use as a plant 

regulator, defoliant, or desiccant”. 

The impact on water quality by pesticides is associated with the following factors: 

1. Active ingredient in the pesticide formulation. 

2. Contaminants that exist as impurities in the active ingredient. 

3. Additives that are mixed with the active ingredient (wetting agents, diluents or 

solvents, extenders, adhesives, buffers, preservatives and emulsifiers). 

4. Degradate that is formed during chemical, microbial or photochemical 

degradation of the active ingredient. 

Fate of a pesticide in natural waterbodies determines to what happens to it once it 

is released into aquatic environment. The environmental fate is believed to be governed 

by various factors for these chemicals undergo various phases or compartments like 

water, soil and biological systems of microbes. Residue analysis is a technique which 

gives a measure and the nature and level of any pesticide in the environment. It is often 

difficult to correlate pesticide residues in the environment with effects on fauna and/or 

ecological processes. They can however, show whether an animal or site has been 

exposed to chemicals and identify the potential for future problems. Selected sampling 

programmes can be used to: 
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(a) Investigate residual levels of pesticide in the environment, their movement and 

their relative rates of degradation. 

(b) Identify contaminated areas and/or sources of contamination. 

(c) Examine the uptake of pesticide by food chain components and 

(d) Determine whether pesticides were a cause of mortality. 

The objective of residue analysis is to indicate the residues present at the time of 

sampling and every precaution must be taken to ensure that the sample arriving at the 

laboratory has not been allowed to deteriorate in such a way that the results are 

meaningless. Some losses and/or changes in the chemicals are inevitable and these will 

vary depending upon the conditions and the nature of the pesticides present. When 

sampling for residue analysis, the aim must be to minimize these losses and thus 

maximize the correlation between the result obtained from the sample taken and the 

residue level actually present at the sample site. The difficulties of sampling biotic and 

abiotic materials for pesticide residues in tropical countries are exacerbated in areas 

remote from suitable storage facilities or from the analytical laboratories themselves. 

Any delay in preserving the sample or extracting the pesticide residues means that there 

is an increased risk of degradation of any residues present, with a corresponding 

increase in the uncertainty regarding the analytical results and their interpretation. If 

analysis of shorter lived compounds (such as organophosphates or carbamates) is 

required, then the risk of loss is great. However, with some pesticides (particularly the 

more persistent chlorinated pesticides and some herbicides) the risks of loss are less. 

The rate of loss for all types of compounds is greater under tropical rather than 

temperate conditions. 

The construction of a comprehensive residue sampling programme is a huge 

subject and beyond the scope of this text. It is not possible to define a sampling regime 

for all circumstances and the local conditions will need to be taken into account in each 

case. However, the following section summarizes the key points to bear in mind when 

taking and preserving environmental samples. 
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Residue analysis might be considered as part of an environmental assessment 

for: 

(a) Planned pesticide application 

(b) Accidental localized spillage 

(c) Major site contamination 

(d) Long-term pesticide application or exposure  

(e) Unexplained wildlife mortality. 

The nature of the sampling exercise and the collection of the samples themselves 

require careful thought and planning. Samples taken in the wrong way or without due 

care can be misleading, resulting in incomplete or wrongly directed conclusions. 

Therefore the samples collected must be refrigerated for proper preservation and 

analysed for the presence of pesticides. In order to assess the level of contamination in 

natural waters, sampling from different sites must be carried out, usually by Ruttner’s 

sampler from all the three layers, viz. surface, column and bottom of the waterbody. The 

samples are processed as per the method described by Luke et al. (1976). 

1. Take 750 ml of water in separating funnel and add NaCl to it @ 5%, i.e. 37.5 g. 

2. Partitioning of water samples must be carried out by adding 75 ml of 

Dichloromethane (DCM) which being heavier than water settles down at the 

bottom of separating funnel with pesticides adhered to it.  

3. Take the lower layer from the separating funnel and again subject to partitioning 

by adding 75 ml of DCM. Shake the mixture continuously for 1 minute and 

release pressure in between from time to time by opening the stop cock of 

separating funnel. 

4. Take the lower layer from the separating funnel again and add 75 ml of Hexane 

(C6H14) to it. Now the upper layer of the mixture will be taken from the 

separating funnel. Hexane being lighter remains as supernatant in the funnel 

adhering pesticides with it. 
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5. 75 ml of Hexane (C6H14) may be added once more to the supernatant and 

mixture shaken for 1 minute to ensure the complete removal of pesticides. 

6. Take the supernatant again and pass the whole extract through anhydrous 

sodium sulphate (Na2SO4). 

7. Wash anhydrous Sodium sulphate (Na2SO4) first with DCM followed by 

Hexane. 

8. Concentrate the solution upto dryness in a rotary vacuum evaporator and 

reconstitute with acetonitrile. 

9. Analyse the water samples on Gas Chromatography for detection of pesticides. 

Parameters for Gas Chromatography 

 Gas chromatograph is one of the essential equipments that can be used for the 

detection of pesticides from the water samples prepared following the procedure 

mentioned above. Before being analysed, Gas chromatograph must be set according to a 

well programmed protocol. The one which I have done in my lab is given in the table 

below:   

S. No. Name of  GLC parameter Magnitude/value 

1 Carrier gas Nitrogen (1 ml/minute) 

2 Retention time dimethoate 8.71 minutes 

3 Retention time chlorpyrifos 12.83 minutes 

4 Retention time 
endosulfan sulphate 

α-endosulfan 
β-endosulfan 

 
9.44 minutes 

9.01 minutes 
9.28 minutes 

5 GC parameters for  chlorpyrifos and endosulfan 
Injector No. 

Injector temp. 
Column 

 
1177 

240 oC 
CP sil 8CB (25M *0.25μm *0.25 OD) 

6 Detector (NPD & ECD) temp. 250oC 

7 ECD ( for endosulfan) make up gas nitrogen 30 ml/minute 

8 NPD (for chlorpyrifos) gas make up 175 ml air, 225 ml hydrogen & 30 
ml/minute nitrogen 

9 Oven programming 170 oC for 2 minutes 

10 6 oC/min up to 230 oC hold time  5 minutes 

11 10 oC up to 260 oC hold time 5 minutes 

12 10 oC/min. up to 270oC hold time 5 Minutes 

13 Total run time 31 minutes 
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Chapter- 2  

Residue Analysis of Pesticides from Fishes Using HPLC 

Pesticides have a property to get bio-concentrated in fish tissues leading to 

severe problems in them. Bio-concentration is a synonym of bioaccumulation of 

xenobiotics by biological systems, the former restricting its domain of uptake of 

chemicals from water medium only. Fish and aquatic animals are exposed to pesticides 

in three primary ways: 

1. Dermally, direct absorption through the skin by swimming in pesticide-

contaminated waters. 

2. Breathing, by direct uptake of pesticides through the gills during respiration. 

3. Orally, by drinking pesticide-contaminated water or feeding on pesticide-

contaminated prey.  

Poisoning by consuming another animal that has been poisoned by a pesticide is 

termed "secondary poisoning." For example, fish feeding on dying insects poisoned by 

insecticides may themselves be killed if the insects they consume contain large 

quantities of pesticides or their toxic by-products. 

The effects of pesticides on fishes are of great concern (Nwani et al., 2010). The 

effects of insecticides on fish are well documented. Fishes are good bio-indicators of 

environmental pollution monitoring and can play significant roles in assessing potential 

risk associated with contamination in the aquatic environment as they are directly 

exposed to chemicals resulting from agricultural production or indirectly through the 

food chain   of an ecosystem (Lakra and Nagpure, 2009). Organochlorine pesticides 

have remained major pollutants with numerous investigations reporting the continued 

and ubiquitous presence of Organochlorine pesticides in the globally (Hung et al., 

2002). Organochlorine pesticides are very stable compounds for example the 

degradation of dichlorodiphenyltrichloroethane (DDT) in soil ranges from 4 to 30 years. 

(Afful et al., 2010). Organochlorine pesticides have also been reported to cause human 
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breast and liver cancers, testicular tumours and lower sperm counts (Davies and Barlow, 

1995). They chemicals liposoluble compounds and are capable of bio-accumulating in 

the fatty parts of organs such as breast milk, blood and fatty tissues (William et al., 

2008). Since the pesticides are lipophilic in nature, their cumulative accumulation at low 

concentrations in the fat tissues of mammal might pose potential hazards in the long run 

(Metcaff, 1997). 

Therefore residue analysis of pesticides from fish muscles is necessary to ensure 

their presence in fishes, correlate with the maximum residual limits (MRLs) and assess 

whether the fishes under study are suitable for human consumption. The sampling 

procedure for this is to procure fish from a natural waterbody, transferred to laboratory 

in polythene bags and freeze it until processed for residue analysis. I have done 

pesticide residue analysis as per All India Network Project on Pesticides Residues 

(Sharma, 2007) described below: 

1. Transfer the fishes to laboratory in polythene bags and muscles including 

edible part (muscle tissues) and vital organs (liver, kidney GIT, etc) and deep 

freeze them before processing for pesticide extraction. 

2. Take 50 g of edible portion of the fish as laboratory sample, chop whole 

sample and homogenise in a motor driven homogeniser. From thoroughly 

grinded muscles, only 20 g of homogenised sample will be taken as a test 

sample in a motor. 

3. Add 40 g of anhydrous sodium sulphate moistened with petroleum ether to the 

homogenised sample and allow standing for 20 minutes. 

4. Extraction and re-extraction will be done with 100 ml of petroleum ether mixed 

with samples for two minutes. 

5. Centrifuge the samples @ 4000 r.p.m. for 4 minutes. 

6. Decant the extract to 250 ml volume flask through the bed of 20 g anhydrous 

sodium sulphate. The pesticides will leave the muscle tissue and get adhered to 

the supernatant which is completely separated through centrifugation. 

7. The samples must be again mixed with 100 ml petroleum ether and the 
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supernatant extracted once more to ensure the complete removal of pesticide 

from the muscle. 

De-fattening of sample extract  

1. Transfer the sample extract from flask to 500 ml separating funnel. Add 100 

ml of 1:1 (v/v) hexane/acetronitrile solutions to the extract. 

2. Shake the separating funnel gently for three minutes while releasing pressure 

in between and allow it to stand for 20 minutes for phase separation of the 

organic solvents. 

3. The acetronitrile fraction containing pesticide can be collected in 100 ml 

beaker while as the fat containing hexane solvent should be discarded. 

4. Clean further, the acetronitrile solvent extract obtained using 25 ml pure 

hexane. 

5. Concentrate the acetronitrile extract to 5 ml in a rotary vacuum evaporator at 

40oC. 

Clean up in Florisil Column Chromatography 

1. Place 4 g of activated florisil in 10 mm id glass column and add about 2 cm 

anhydrous sodium sulphate (Na2SO4) to it. Open the stop cock and tap the 

column to settle down the adsorbent. 

2. Mark the column 1 cm above Na2SO4 layer and add 25 ml of petroleum ether 

to the column. As the solvent level reach the mark, place a receiving flask 

under the column. Transfer the sample extract to the column using 

micropipette. 

3. Wash the sample extract flask with 3 ml petroleum ether. Care must be taken 

that the solvent level must not reach below the mark. 

4. Elute the column with 5 ml of petroleum ether. 

5. Concentrate the extract near to dryness in rotary evaporator and reconstitute in 

1 ml acetronitrile before analysing it on HPLC. 
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Parameters of HPLC 

 Quantification of pesticide residues in the muscle part of the bioassay experimental 

fishes, either exposed to pesticides in natural waters or in vivo can be done by High 

Performance Liquid Chromatography (HPLC) equipped Photo-diode Array (PDA) 

detector (Dionex ultimate 3000 liquid chromatography including quaternary pump 

LPG-3400 SD, auto sampler AAC-3000 T, column compartment TCC-3000 SD and 

PDA detector DAD-3000). The separation can be performed on E-18 column 

(phnomenex kinetex 250 × 4.6 mm, 5 µm 1000 A) with mobile phase water and 

acetronitrile (ACN) (9:1 v/v). The flow rate of 1 ml/min and UV detection at 25 nm 

may be set for carrying out the analysis. The other parameters can be set as shown 

below: 

The column compartment temperature 25 oC 

Total run time 10 minutes 

Retention time for Dimethoate 3.05 minutes 

Retention time for Chlorpyrifos 4.23 minutes 

Data analysis was carried out by Chromeleon software 6.80 version 

Quantification of pesticides  

 The quantification of pesticides recovered either from natural waters of the 

lake or from muscles of the fishes is quantified by the following formula: 

Pesticide (ppm) = 
Std. injected (ng) 

× 
Sample area 

× 
Sample vol. (ml) 

Std. area Sample injected (µl) Sample weight (g) 
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Chapter - 3 

Detection of Metals from Water and Fish Samples Using Atomic 

Absorption Spectrophotometer   

It is very important to identify and quantify the heavy metals in natural 

waterbodies and the organisms present therein. It gives us a relationship between the 

induction of toxicity through the food chain and prevalence of various diseases in 

humans. The disease incidence can be seen markedly increased in the last few years due 

to air pollution, water pollution, and hazards over uses of pesticides in agriculture. 

Trace amounts of metals are common in water, and these are normally not 

harmful to our health. In fact, some metals are essential to sustain life. Calcium, 

magnesium, potassium, and sodium must be present for normal body functions. Cobalt, 

copper, iron, manganese, molybdenum, selenium, and zinc are needed at low levels as 

catalysts for enzyme activities. Drinking water containing high levels of these essential 

metals, or toxic metals such as aluminum, arsenic, barium, cadmium, chromium, lead, 

mercury, selenium, and silver, may be hazardous to our health. 

Metals in our water supply may occur naturally or may be the result of 

contamination. Naturally occurring metals are dissolved in water when it comes into 

contact with rock or soil material. Other sources of metal contamination are corrosion of 

pipes and leakage from waste disposal sites. There are several heavy metals which are 

hazardous not only to flora and fauna present in the waterbodies but also to human 

population directly or indirectly dependent upon those waterbodies. They interfere in 

the metabolism, hematology, biochemistry and physiology of fishes and other 

organisms. Their toxicity is fatal and many a times proven carcinogenic. Pb, Zn, Cu, 

Mn, Co, Ni, Cd, Cr, and Mo are toxigenic and carcinogenic agents consistently found as 

contaminants in human drinking water supplies in many areas around the world 

(Groopman et al., 1985).  Therefore it is necessary to carry out the analysis of metals 

from water and fish samples. The instrument usually used for the detection of metals is 
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Atomic Absorption Spectrophotometer (AAS). Prior to the use of AAS, the samples 

must be processed (digested) by standard procedures, one of which is illustrated below: 

Reagents and Solutions 

 

The reagents that are used in are: 

1. Stock solution concentration of 1000 µ/ml each for zinc, copper, iron, nickel, 

cobalt, aluminum, cadmium, calcium, chromium, manganese, lead and mercury 

usually from E-Merck, Germany). 

2. Nitric acid (HNO3) concentrated (67-70%), reagent grade minimum, 

Hydrochloric acid (HCI), concentrated (34-37%), reagent grade 

minimum and Hydrogen peroxide (H2O2) 30% reagent grade minimum. 

3. De-ionized water. 

4. 0.45 µm Whatman’s filter paper. 

Safety Measure taken while Handling Acids 

 Nitric acid and Hydrochloric acids must be carefully handled properly and must 

not be pre-mixed but added individually to each sample. Moreover, the mixtures of 

these acids must not be stored in cold containers. They must be added slowly added to 

water for it may lead to explosion due to exothermic reactions taking place. It is 

pertinent to mention that digestion of the samples may be carried out under fume hood 

while using appropriate personal protective equipments like gloves, lab coats safety 

glasses etc. 

Preparation of standard solutions 

 

Standard solutions are prepared from the stock solution (1000 µ/ml) of 

each metal. Initial 10 µ/ml concentration working solutions are prepared from the 

stock solutions by pipetting 1 ml of the 1000 µ/ml into 100-mL volumetric flasks 

and diluting to the mark with de-ionised water. Depending on the linear response 

range of the metal, the calibration standards are then prepared by appropriate 

accurate and precise dilution of the 10 µ/ml working solutions.  
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Instrumentation  

The absorbance of the calibration standards and samples are mostly measured by 

Atomic Absorption Spectrophotometer (model, A Analyst 800; Make Perkin Elmer Ltd) 

by using an air acetylene flame for the determination of the metals Kjeldahl flask, are 

used to gently heat fish and water samples to near dryness in the digestion process. 

Atomic Absorption measurement conditions and parameters 

Hollow cathode lamps of metals are used to provide the line sources needed for 

the determination of selected metals. The absorbance of a metal in FAAS depends upon 

the type of flame used, fuel and oxidant ratio, flow rate of fuel gas and burner light. The 

measurement conditions for Perkin Elmer Ltd AAS Model 800 used are given in the 

tabulated form below. The flame that can be used for all the metals enlisted in the table 

is air-acetylene (C2H2), burner angle is 0o and gas glow rate is 15.0 L/min. 

S 

No 

Metal gas 

(L/min) 

Wavelength 

(nm) 

Flow rate of 

fuel (nm) 

Slit width 

(nm) 

Burner height 

(mA) 

1 Copper (Cu) 324.8 1.8 0.7 7.0 

2 Zinc (Zn) 213.9 2.0 0.7 7.0 

3 Cobalt (Co) 345.4 2.0 0.1 7.0 

4 Nickel (Ni) 232.0 1.6 0.2 7.0 

5 Manganese (Mn) 403.1 0.5 0.1 5.0 

6 Chromium (Cr) 425.4 0.4 0.1 7.0 

7 Aluminium (Al) 396.1 1.2 0.1 5.8 

8 Iron  (Fe) 248.3 2.2 0.2 9.0 

9 Calcium (Ca) 422.7 1.0 0.5 10.0 

10 Cadmium (Cd) 228.8 1.8 0.7 4.0 

11 Lead  (Pb) 217.0 2.0 0.7 7.0 

12 Mercury (Hg) 253.7 2.0 0.5 4.0 

Courtesy Wali. A. (2015) 
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Sample preparation and treatment 

 

1. Processing of water samples for metal analysis is carried out as per the 

standard methodology of American Public Health Association (A.P.H.A.. 2005). 

2. Transfer the measured volume of well mixed, acid preserved sample appropriate 

for the expected metals concentrations to a flask or beaker. 

3. Add 5 ml concentrated HNO3 to it and cover the sample with a ribbed 

watch glass.  

4. Boil the sample in Kjeldahl flask and then evaporate to 15 to 

20 ml.  

5. Add 5 ml concentrated HNO3 and 10 ml concentrated H2SO4 and cool the 

flask or beaker between additions.  

6. Evaporate the samples on a Kjeldahl apparatus until dense white fumes of SO3 

appear.  

7. If solution does not appear clear, add 10 ml concentrated HNO3 again and repeat 

the process until the appearance of SO3 fumes.  

8. Heat the sample to remove all HNO3 before continuing the treatment. All the 

HNO3 will be considered to get removed when the solution is clear and no 

brownish fumes are evident. 

9. Care must be taken not to let the samples dry during digestion.  

10. Cool the sample by and diluted upto 50 ml with de-ionised water.  

11. The finely treated and appropriately concentrated water samples may be kept in 

thoroughly cleaned and air tight glass flasks, before being aspirated directly into 

the Atomic Absorption Spectrophotometer. 

Fish tissue processing 

Fish tissue samples are processed for metal analysis as per the methodology of 

Chernoff (1975) and Abdallah and Moustafa, (2002) and are illustrated below: 

1. Digest the samples digested by wet digestion method. Oven dry the tissue 

samples at 105°C until they reached a constant weight. 
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2. Add mixture of Nitric acid, Perchloric acid and sulphuric acid in a ratio of 3:1:1 

volume in Kjeldahl flask.  

3. 10 ml of this mixture can usually be sufficed for 10 g fresh tissue.  

4. Blank reagents without fish samples need to be digested also using the same 

method.  

5. Digestion of samples must be carried out for a minimum of 1 hour at a 

temperature of 95±5°C.  

6. Dilute the entire sample with de-ionized water to 100 ml volume.  

7. Filter the samples 3-4 times to remove any small particle that could remain in 

the sample before being analyzed on AAS. 

8. The samples are analyzed for heavy metals on Atomic Absorption 

Spectrophotometer. The metal concentrations in tissues may be reported as µ/g 

dry weight. Dry weight concentrations can be converted into wet weight 

concentrations by the following formula using on average 80% moisture content 

in fish tissues: 

Wet Weight Concentration

=
Dry Weight Concentration × 1 −  % moisure Content

100
 

Sample analysis 

Standard solutions are prepared from the stock solution of each heavy metal. 

The absorbance of these solutions can be measured using AAS. Each sample is 

aspirated into the nebulizer through a capillary tube where the samples are converted 

into a fine mist or aerosol. The aspirated sample in aerosol form enters the atomizer. 

For each metal, the concentration is determined from each linear calibration 

curve respectively. The entire standard solutions for a specific metal need to be prepared 

immediately before analysis. This is to avoid adsorption of metals on to the containers 

and decomposition. The same instrumental conditions can be used to run the standard 

solutions that are used for the samples for each metal. If the absorbance of a sample 

exceeds that of the highest concentration standard solution of a particular metal, 

appropriate dilution can be made to bring the sample concentration within the linear 
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response range. At least triplicate measurements of each standard solution must be taken 

along with triplicate measurements of each water and fish sample. The muscle tissue 

samples can be divided into triplicate aliquots and each triplicate measured three times 

for precision of results. 
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Chapter - 4 

Haematological parameters: A Diagnostic Tool in Fish Toxicology 

Teleost fishes may be good indicators of contamination by pollutants because 

their haemato-biochemical responses are quite similar to those found in mammals. The 

response of some aquatic organisms to pollutants has been studied through the 

measurement of haematological parameters (Begum, 2004). The major reason for 

carrying out toxicity tests with fish and other aquatic organism is to determine that 

concentrations of substances harmful to the organisms and that having no apparent 

effect on them. A second objective of toxicity tests is to monitor the toxicity of effluents 

or evaluate the quality of surface waters. Using fish to assess the quality of and 

meaningful procedure, especially if many waste substances are present or if it is not 

known exactly what is present. 

Haematological analysis seems to be one of the major means to learn a 

toxicant’s effects on fish physiology and can be used for prediction and diagnosis of 

pesticide toxicity. Alterations in these parameters show toxic stress in the treated 

animals especially on blood and blood-forming organs (Rahman and Siddiqui, 2006). 

Hence the purpose here is to describe the standard procedures for carrying out 

haematological tests in fishes which are intoxicated with xenobiotic substances. 

 For estimation of various haematological parameters of pesticide exposed 

fishes, blood can be drawn from each fish by puncturing heart (Lucky, 1977) or ablation 

of caudle peduncle (Schaperclaus, 1991) caudal vertebral vein or artery (Campbell and 

Ellis, 2007) and pooled if the size of fishes is small. Before collection of blood, the 

fishes may be treated in 200 ppm benzoquine solution till they become unconscious.  It 

is easy to draw blood from anesthetised fishes either from venipuncture or tale ablation. 

Care must be taken to prevent the blood from coming in contact with water. It is 

advisable to make smears on clean and dry slides for staining. It will help in the 

examination of various types of anaemias or differential leukocyte counts. For 
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determining other haematological parameters, samples were collected in glass vials 

containing EDTA as anticoagulant at an approximate concentration of 5mg/ml of blood 

(Blaxhall and Daisley, 1973). 

Estimation of Haemoglobin content 

 The hemoglobin of the experimental fishes is estimated with the help of 

haemometer (Sahli’s method), consisting of two sealed lateral comparison tubes 

containing a suspension of acid haematin, and a centrally placed graduated test tube of 

same diameter. The anticoagulated blood is drawn up to the mark of 20 and 

immediately added to the N/10 HCl solution in the graduated tube. The acid haematin 

solution thus formed is thoroughly stirred with the help of a stirrer and then allowed to 

stand at least for ten minutes. Then the acid haematin solution is diluted by adding 

distilled water in a drop wise manner to compare the color with the references. The 

color comparison with references gives gm % of hemoglobin in the blood of fish. 

Total erythrocyte count (TEC)  

 The TEC in the blood of experimental fishes is determined with the help of 

haemocytometer. Anticoagulated, non haemolysed blood is drawn upto 0.5 graduated 

mark and then RBC dilution solution (Hayem’s solution) up to 101 mark. The pipette is 

shaked for one minute and immediately after shaking the Neubaurs counting chamber is 

charged with mixture free from bubbles. The liquid contained in the capillary portion is 

rejected and counting of RBCs is done under 40 x objective (HPF).  

TEC/ mm3= N × 1000 

Where ‘N’ denotes the total number of Red Blood Cells counted in the 5 squares of the haemocytometer 

and 1000 is the factor obtained after taking into consideration the initial dilution factor.  

Mean Corpuscular Hemoglobin (MCH) 

 MCH is calculated by the following formula; 

   MCH    = Hemoglobin (g/100 ml) × 100 

    RBC count (millions/mm3
 blood) 
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Mean corpuscular volume (MCV) 

 MCV is calculated with the help of following formula; 

  MCV   =    Hematocrit value (%) × 10 

              RBC count (millions/mm3
 blood) 

Mean Corpuscular Hemoglobin Concentration (MCHC) 

   MCHC = Hemoglobin (g/100 ml) × 100 

     hematocrit 

Erythrocyte sedimentation rate (ESR) 

 ESR is determined by Wintrobe’s method, based on the principle that if 

anticoagulated blood is left undisturbed, the blood cells settle under their own weight. 

The rate of settling of blood cells in the blood plasma is the measure of ESR. The 

anticoagulted blood is drawn up to 0 mark in the Wintrobes tube and kept vertically into 

the pipette stand. The sedimentation rate is read off after 1 hr from the top of the tube. 

Packed cell volume (PCV) 

 Packed cell volume is also determined with the help of Wintrobes method.  The 

anticoagulated blood is drawn into the Wintrobes tube up to 0 mark. The blood filled 

tubes are safely placed in the tubes of a centrifuge opposite each other and centrifuged 

for thirty minutes at the rate of 3000 rpm. The centrifuge is turned off and tubes 

removed the reading is taken from the bottom of the tube.  

Total leukocyte count (TLC)   

 The Leukocyte Count (TLC) is determined by the Haemocytometer (Stevens, 

1997).  Anticoagulated non haemolized blood is drawn into the erythrocyte pipette up to 

0.5 mark and WBC dilution fluid up to 101 mark. The Neubaurs counting chamber is 

then charged with the mixture after discarding the liquid into the capillary portion of 

pipette.  The counting of the WBC is taken under 40 x objectives.  

Calculation:  WBC/mm3 = N × 500, 
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Where, N denotes the total number of WBC counted in the four squares of counting chamber and 500 is 

the dilution factor 

Differential Leukocyte count (DLC)  

 DLC is performed as per the methodology of Hudson and Hay (1991). A small 

drop of fresh, anticoagulated non haemolysed blood is poured on the grease free slide 

and using a spreader slide, a thin tongue shaped smear is made. The blood smear is air 

dried and stained with Leishman’s stain for 5 minutes. The stain is diluted with distilled 

water and again kept undisturbed for 10 minutes. Then the slides were washed, dried 

and observed under oil immersion objective (100X). The percentage of lymphocytes 

and heterophills were determined using the blood cell counter. The values of all 

hematological parameters under study were properly recorded and subjected to 

statistical analysis. 
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Chapter - 5 

Estimation of blood biochemical indices in fishes 

Biochemical parameters/blood biochemistry 

 The blood collected from the fishes is poured into fresh, sterile 5ml capacity blood 

collection vials (not heparinised) and allowed to stay until the clotted blood settled 

down. The serum is decanted into fresh tubes and centrifuged for 10 minutes at 3000 

rpm for the estimation of various biochemical parameters. Due to the withdrawal of 

very small amount blood from fishes on account of their small size, the analysis of 

serum for various enzymes is carried out on biochemical auto-analyser of Robert Ryle 

Germany with photometer 2010. 

Total protein 

 Total protein content of blood serum is estimated by Biruet method (Lawry’s 

modified method Lawry et al., 1951). The method is based on the principle that the 

peptide bonds in proteins react with copper II ions in alkaline solution to form blue-

violet complex (called Biruet reaction). Each copper ion complexing with 5 to 6 peptide 

bonds, tartarate is added as a stabilizer while as iodide to prevent auto-reduction of the 

alkaline copper complex. The color formed is proportional to the protein concentration 

and is measured at 546 nm.  

Procedure: Assay procedure is given below: 

Reagent Blank Standard Test 

Total protein reagent 100 µl 100 µl 100 µl 

Distilled water 20µl - - 

Total protein standard - 20µl - 

Serum - - 20µl 

 The test tubes labelled as blank, standard and test were mixed well and incubated 

at 37oC for 10 minutes and optical density of all the tubes is measured at 546 nm against 

reagent blank. 
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Calculation: 

Total serum protein = 
OD of test × Total protein standard 

OD of standard 

Albumin estimation 

 The serum albumin is estimated by Bromocresol green (BCG) method given by 

Webester (1977). Albumin binds with BCG at pH 4.2 causing a shift in absorbance of 

the yellow BCG dye. The blue green colour formed is directly proportional to the 

concentration of albumin present in the serum. When measured photometrically 

between 580-630 nm with maximum absorbance at 625 nm.   

Procedure: Three clean and dry test tubes were selected and labelled as blank, standard 

and test as shown under: 

Reagent Blank Standard Test 

Albumin reagent 1000µl 1000 µl 1000 µl 

Distilled water 10 µl - - 

Standard - 10 µl - 

Test - - 10 µl 

 The tubes were mixed and allowed to stand for 5 minutes at 37oC. The absorbance 

of all the tubes is measured at 630 nm against blank. 

Calculation:    

Albumin  = 
Abs. test × Albumin standard 

Abs. standard 

Serum globulin 

 Serum globulin is calculated by the following formulae. 

Serum globulin = Total serum protein-Albumin 

Glucose estimation  

Serum glucose is estimated by GOD POD method given by Hogendoorn (1979). 

This method is based on the principle that glucose is oxidized by glucose oxidase to 
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gluconic acid and H2O2 is liberated. The colorimetric indicator quinine amine is 

generated from 4-amino antipyrine and phenol by H2O2 under the catalytic action of 

peroxides.  

Intensity of colour generated is directly proportional to glucose concentration 

(Trinder, 1964). 

Glucose + O2 + H2O     Gluconic acid + H2O2 

H2O2 + 4-amino antipyrine + phenol                 Quinine amine + 4H2O 

Procedure: Like albumin estimation, three clean test tubes were selected and labelled as 

blank, standard and test as shown under:  

Reagent Blank Standard Test 

Glucose reagent 1000 µl 1000 µl 1000 µl 

Distilled water - 10 µl - 

Glucose standard 100 mg/dl 10 µl - - 

Serum - - 10 µl 

 The tubes were mixed and incubated at 37oC for 15 minutes. The absorbance is 

read against blank within 30 minutes. 

Calculation: 

Glucose (mg/l) = 
Abs. test × Concentration of standard 

Abs. standard 

Bilirubin estimation 

 Bilirubin estimation is carried out by Jendrassik and Grof’s (1938) method. The 

principle of the method is that the bilirubin reacts with diazotised sulphnilic acid to form 

coloured azobilirubin compound. The un-conjugated bilirubin couples with the 

sulphanilic acid in the presence of caffeine-benzoate accelerator. The intensity of the 

colour formed is directly proportional to the amount of bilirubin present in the sample. 

Bilirubin + Diazotized Sulphanilic acid   Azobilirubin Compound 

 

GOD 

POD 
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Procedure: The pipette into clean and dry test tubes labelled as blank and test is done as 

follows: 

Addition Sequence  Blank (ml) Test (ml) 

Direct Bilirubin reagent (L1) 1.0 1.0 

Direct Nitrate Reagent (L2) - 0.05 

Sample 0.1 0.1 

 The sample is well mixed at 37oC exactly for 5 minutes and absorbance of the test 

samples is measured immediately against their respective samples 

Aspartate aminotransferase (SGOT) 

 Aspartate transaminase or aspartate aminotransferase, also known as 

AspAT/ASAT/AAT or serum glutamic oxaloacetic transaminase (SGOT), is a pyridoxal 

phosphate-dependent transaminase enzyme. Activity of the enzyme is estimated by the 

method of Reitman and Frankel (1957) as described by Bergmeyer and Bernt (1977). 

Determination of the levels of this enzyme is based on the principle that it catalyses the 

transfer of amino group between L-Aspartate and α-Ketoglutarate to form Oxaloacetate 

and Glutamate. The Oxaloacetate formed reacts with NADH in presence of Malate 

Dehydrogenase (MDH) to form NAD. The rate of oxidation of NADH to NAD is 

measured as a decrease in absorbance which is directly proportional to the amount of 

SGOT present in the sample.  

L-Aspartate + α-Ketoglutarate                            Oxaloacetate + L-Glutamate 

Oxaloacetate + NADH + H+   Malate + NAD+  

Procedure: The sample is pipetted into a clean dry test tube 

Addition sequence Test 25oC/30oC Test  37oC 

1. Enzyme reagent (L1) 0.8 ml 0.8 ml 

2. Sample 0.2 ml 0.1 ml 

The sample is incubated at the assay temperature for one minute and then 

starter reagent is added 

Starter Reagent (L2) 0.2 ml 0.2 ml 

MDH 

SGOT 
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 The sample is well mixed in wavelength of 340 nm with light path of 1 cm and 

the initial absorbance reading is taken as Ao. The absorbance is repeated after every 1, 

2and 3 minutes and mean absorbance per minute (Δ A/min) is calculated. 

Alanine aminotransferase (SGPT) 

Alanine aminotransferase is a transaminase enzyme formerly called serum 

glutamate-pyruvate transaminase or serum glutamic-pyruvic transaminase (SGPT). 

Determination of the levels of this enzyme is done as per the method of Hogendoorn 

(1979) and is based on the principle that it catalyses the transfer of amino group 

between L-Alanine and α-Ketoglutarate to form Pyruvate and Glutamate. The Pyruvate 

formed reacts with NADH in presence of Lactate Dehydrogenase (LDH) to form NAD. 

The rate of oxidation of NADH to NAD is measured as a decrease in absorbance which 

is directly proportional to the amount of SGOT present in the sample.  

L-Alanine + α-Ketoglutarate                            Pyruvate + L-Glutamate 

 Pyruvate + NADH + H+   Malate + NAD+  

Procedure: The sample is pipette into a clean dry test tube 

Addition sequence Test 25oC/30oC Test  37oC 

1. Enzyme reagent (L1) 0.8 ml 0.8 ml 

2. Sample 0.2 ml 0.1 ml 

The sample is incubated at the assay temperature for one minute and then 

starter reagent is added 

Starter Reagent (L2) 0.2 ml 0.2 ml 

 The sample is well mixed in wavelength of 340 nm with light path of 1 cm and 

the initial absorbance reading is taken as Ao. The absorbance is repeated after every 1, 2 

and 3 minutes and mean absorbance per minute (Δ A/min) is calculated. 

Cholesterol 

Cholesterol, a main lipid found in blood is determined with the principle that 

cholesterol esterase hydrolyses esterified cholesterols to free cholesterol (Hogendoorn, 

1979).The free cholesterol is oxidised to form hydrogen peroxide which further reacts with 

phenol and 4-aminoantipyrine by the catalytic action of peroxidise to form red coloured 

quinoneimine dye complex. Intensity of the dye formed is directly proportional to the 

SGPT 

LDH 

Cholesterol Oxidase 
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amount of cholesterol present in the sample.  

Cholesterol esters + H2O       Cholesterol + Fatty acids 

Cholesterol + O2       Cholestenon + H2O2 

H2O2 + 4-aminoantipyrine + Phenol                         Red Quinonelmine dye + H2O2 

The samples can be analysed on 505 nm wavelength at 37oC with light path 1 cm. 

Lactate dehydrogenase 

Lactate dehydrogenase found in blood apart from various other vital organs of fish 

species is determined as per the method described by Srikanthan and Krishnamurthi 

(1955) and modified by Govindappa and Swami (1965). Estimation of this enzyme is 

based on the principle that it catalyses the reduction of pyruvate with NADH to form 

NAD. The rate of oxidation of NADH to NAD is measured as a decrease in absorbance 

which is directly proportional to the LDH activity in the sample. 

Pyruvate + NADH + H+           Lactate + NAD+  

Procedure: The sample is pipetted into a clean dry test tube labelled as test (T) 

Addition sequence Test 25oC/30oC Test  37oC 

1. Enzyme reagent (L1) 0.8 ml 0.8 ml 

2. Sample 0.05 ml 0.02 ml 

The sample is incubated at the assay temperature for one minute and then 

starter reagent is added 

Starter Reagent (L2) 0.2 ml 0.2 ml 

 The sample is well mixed in wavelength of 340 nm with light path of 1 cm and 

the initial absorbance reading is taken as Ao. The absorbance is repeated after every 1, 

2and 3 minutes and mean absorbance per minute (ΔA/min) is calculated. 

 

 

 

 

Cholesterol esterase 

Peroxidase 

LDH 
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Chapter - 6 

Histopathological techniques used in Fish Toxicology 

 Histological Techniques 

Histopathological techniques are the basic and most important techniques employed 

for diagnosis of damage caused due to induction of toxicity in fishes. Histology is the 

microscopic study of normal tissue, whereas pathology is the study of disease tissue. 

These techniques are used in determining the level of damage caused due to exposure of 

toxicant and host’s response to it. Mostly the histopathological procedures are carried 

out in those experimental fishes which are exposed to pesticides or metals in vivo; 

primarily while carrying bioassay procedures. 

The detailed procedure by which the histopathology to the tissues of fishes exposed 

to toxicants is elaborated as under:  

Procedure for Necropsy and Tissue Preparation: 

This production involves several basic steps. The procedure can be 

carried out manually. The following is a brief overview description of the 

procedure: 

Sampling: 

1. Live and dead fish 

Fish tissues deteriorate rapidly and every effort should be made to examine fresh 

specimens. Particularly the fishes undergone the chronic exposure depict various 

changes in fish fillets which immediately need to be fixed for carrying out 

histopathological procedures or refrigerated until used for study. Examination of freshly 

killed fish is preferred.  

2. Necropsy equipment 

A small tool box is handy for keeping dissecting equipment(s). The 

following items are recommended for conducting fish necropsies: 

a. Knife, a thin blade 9-inch fillet knife. 

b. Dissecting scissors, 2-inch and 4-inch blades with sharp and 

blunt points (several spare pairs). 

c. Bone shears (or side cutters). 



Ph ton eBooks                                                                                                                                Page | 31  
 

d. Forceps, several pairs of different sizes. 

e. Scalpels, medium and large disposable blades. 

f. Sharpening stone or steel. 

g. Dissecting platform and measuring board. 

h. Small ruler and dividers. 

i. Buffered formalin (10 percent), chilled. 

j. Specimen bags and tissue cassettes. 

k. Soft pencils for labeling the tissue cassettes. 

l. Magnifying glass for close inspection of small lesions. 

m. Ice. 

n. Absorbent tissue or cloths. 

o. Data sheets. 

Necropsy Procedures: 

Obtaining the tissue: 

To study the extent of damage of toxicants on different organs of a fish, a right 

selection of fish tissue is necessary. More precisely the internal organs should be 

exposed by opening body cavity in such a way as to expose all the internal organs and 

yet not damage caused to any of them. The tissues from the organ of interest may be 

collected and immediately placed in a chemical fixative for a specified period of time. 

Tissue Diagnosis 

Presently, the only technique for study the tissue damages in fish is through the use 

of histopathology. In this technique, samples of suspect tissue are first preserved or 

"fixed" by placing them in a fixative solution such as 10% buffered formalin. After 

fixation, the tissue is dehydrated through a graded series of alcohol and then infiltrated 

with melted paraffin. After the paraffin has solidified, thin sections of the paraffin-tissue 

block (5-7 microns) are cut using a microtome. These tissue sections arc further 

processed and stained prior to microscopic examination. 

Fixation 

Once tissues are removed from the body, they undergo a process of self destruction 

or autolysis which is initiated soon after cell death by the action of intracellular enzymes 

causing the breakdown of protein and eventual liquification of the cell. Bacterial 

decomposition can also produce changes in tissues that mimic those of autolysis and are 
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brought about by bacterial proliferation in the dead tissue. So we preserve the tissues in 

fixative. It is used to minimize the cellular degeneration by inactivating enzymes 

slightly harden and to preserve the tissue morphology as close as possible to the living 

state. 

 A large variety of chemicals and serves as fixatives, they are used as a 

combination of two or more chemical reagents mixed together.  

 This preserves the structural integrity of cells and tissue. 

There are 5 groups of fixatives, such as: 

 Aldehyde (include formaldehyde) 

 Mercurial 

 Alcohol 

 Picrates 

 Oxidizing agent 

Formalin: 

This is the most commonly used fixative because it penetrates into tissues quickly. 

The solution should be clear, colorless, with no precipitate and the pH should not be 

below. That is why not because excessive hardening or brittle them and natural tissue 

color can be restored. 

Chemical composition: 

40% aqueous solution of formaldehyde (which normally exist as it gas) usually 

used as diluted solution (10% formalin). 

Formulation for 10% fixative solution-neutral buffered formalin: 

Formaldehyde (37-40%) 100 ml 

Distilled water 900 ml 

Sodium phosphate (Na2HPO4.H2O) 4 gm 

Sodium phosphate (Na2HPO4) 6.5 gm 

Although the buffered formalin solution is the preferred fixative, the formaldehyde 

can be added directly to tap water and buffered with marble chips in an emergency. The 

pH of the 10 percent formalin solution should be between 6.9 and 7.4 and can be 



Ph ton eBooks                                                                                                                                Page | 33  
 

checked with litmus. Tissues deteriorate rapidly in warm weather and the following 

steps are useful for minimizing autolysis. 

Procedure for fixation: 

 Collect the tissues from immediately killed fish. 

 Keep dead fish on ice. 

 Cut the tissue slices approximately 3 mm thick. 

 Refrigerate the fixative and keep it as cold as possible. 

 Maintain a 10:1 ratio or fixative to tissue volume. 

 Ensure that tissue cassettes arc immediately submerged in the fixative. 

Periodically stir the cassettes in the fixative container to ensure maximum 

contact between the tissue and the fixative. 

 Place the tissues in fresh fixative after the first 24 hours. 

Dehydration: 

Tissues contain large amount of water. This water must be removed, called 

dehydration. Tissues are thoroughly dehydrated before they are ready for embedding. 

Dehydrating agent  

Alcohols: 

These are clear, colorless, flammable, hydrophilic liquids, miscible with water and, 

when anhydrous, with most organic solvents. In addition to their role as dehydrants, 

alcohols also act as secondary coagulant fixatives during tissue processing. Therefore, 

the water in the tissues must be removed by submerging the tissues though a series of 

grades of alcohol (50%, 70%, 90% and 100%) for 30 to 60 minutes in each grade. It is 

important that the absolute alcohol (100%) is changed three times to ensure that the 

final bath of alcohol is pure and free from water. The actual time required in each grade 

of alcohol will depend on the size of specimen. Alcohol must be removed (de-

alcoholization) before the infiltration of paraffin can begin. If this is done too rapidly 

then the large outflow of water can damage the morphology of cells and tissues. 
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Procedure for dehydration: 

STAGE DURATION 

30% Ethanol 2 hours 

50% Ethanol 2 hours 

70% Ethanol 24 hours 

90% Ethanol 3 hours 

100% Ethanol, 2 changes over 24 hours 

 

Clearing: 

This is the process in which alcohol from tissues and cells are removed and replaced 

by a fluid in which wax is soluble and it also makes the organ or tissue transparent. 

Clearing agent 

"Cedar wood oil" and "xylene" are used as a clearing agent. After clearing the 

tissues in cedar wood oil, it is immersed in xylene; 2-3 changes of xylene for 30 – 60 

minutes are adequate for complete removal of oil. 

Cedar wood oil 24 hours 

Xylol, 2 changes, over 6-24 hours 

 

Infiltration: 

After tissues have been thoroughly cleared in a clearing agents, then immersed the 

tissues in a paraffin wax and xylene about 1:1 ratio 1-2 changes of paraffin wax and 

xylene for 6-24 hour are adequate. 

Xylol + paraffin wax, 2 changes, each (1:1) 24 hours 

Impregnation: 

After this the tissues are transferred into a pure melted paraffin wax at temperature 

60-65°C. 2-3 baths of paraffin wax are employed to eliminate the traces of xylene. This 

process will fill all the natural cavities, that will set to a sufficiently firm to allow the 
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cutting of suitably thin sections without distortion. Paraffin waxes are hydrocarbon so 

their melting point is about 57-60'C is suitable media for sectioning. 

Paraffin wax, 2 changes, each 24 hours 

 

Embedding: 

It is the method of placing impregnated tissue in warm liquid paraffin that solidifies 

into a firm block, when it cools down at room temperature. This is also known as 

"casting" or "blocking". Procedure for embedding: 

The following steps are used for embedding: 

 Take L - block, smeared with glycerin to prevent wax adhering to the surface. 

 Melted wax is poured into the block cavity within a few seconds at oven 

temperature. The wax at the base of smooth glass piece is allowed to solidify. 

 With the help of heated forceps the tissue is transferred in the L - blocks bottom 

in a correct plane for sectioning (vertically). The reminder of the paraffin wax 

are quickly poured into the L-block, that the cavity of block is filled upto outer 

surface. 

  Care should be taken to remove the air bubbles with the help of heated forceps 

or needle. 

 Allow it to solidify at room temperature. When the waxes become harden, 

remove the L - blocks gently and label with the specific name of host and date of 

collection. 

 Blocks are stored in cool places which are not used for immediate sectioning. 

Microtomy or Sectioning: 

Once the tissues have been embedded, they must be cut into sections that can be 

placed on a slide. This is done with a microtome. The microtome is nothing more than a 

knife with a mechanism for advancing a paraffin block standard distances across it. The 

solid paraffin block containing the tissue is sliced into thin sections on an instrument 

called a rotary microtome. 
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The paraffin tissue "block" is attached to a tissue holder, which is then placed on the 

microtome. The range of thickness of the sections in paraffin technique is 3-7 µ microns 

with an average section thickness of 5µ. In some cases 4µ sections are desirable. 

Movement of the rotary handle of microtome moves the paraffin "block" closer to the 

microtome knife; as a result the sections are cut from the face of the "block" and come 

as a ribbon.  

Stretching 

Flotation method 

A thin coating of some type of an adhesive, such as albumin or glycerin-albumin is 

rubbed on one surface of a glass slide. 

Composition of egg - albumin 

Egg white                                                                              50 ml 

Glycerine                                                                              50 ml 

 

 An alternate method of attachment of sections to slides is to float the paraffin 

ribbon containing the tissue sections onto the surface of a warm water bath (45 - 

50"C) containing albumin. The albumin acts as an adhesive for attachment of 

sections to the slides. 

 The heat of the water bath softens the paraffin to remove folds in the tissue 

sections. 

 The ribbon is divided into small units of 3-5 sections catch; a slide is then placed 

under the sections, and the sections are picked up and centered on the slide. 

 The excess water is drained off and slides with attached sections are placed on a 

slide warming plate (45 - 50*C) until sections adhere to slide. The tissue sections 

are then air dried to firmly attach them to the glass slide. 

 The glass slides are then placed in a warm oven for about 15 minutes to help the 

section to adhere the slide. 
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Deparaffinization and Hydration: 

Before staining of the sections of paraffin embedded tissues, the following steps 

are required: 

 Pass slides through 2 changes of xylene to remove paraffin wax, about 30 minutes 

in each change. 

 Pass slide through two changes of absolute alcohol to remove xylene, about 10-20 

minutes in each changes. 

 Then kept the slides in 90% alcohol, for 10-20 minutes. 

 Rinse the slide in 70% alcohol about 10 minutes. 

 Wash thoroughly with water. 

 New the tissue sections ore ready to be stained. 

H and E Staining: 

The application of several stains to bring out differences among the tissue 

components is referred to as staining and counterstaining. A double staining method is 

used for reactions including haematoxylin and eosin.  

Harris' haematoxylin 

Haematoxylin is a basic dye and it is used to stain acidic structure, a purplish 

blue i.e., Nucleus. Nucleus has a great or strong affinity for this dye. 

Chemical composition 

Haematoxylin 50 mg. 

Ethyl alcohol 50 ml 

Potassium or ammonium alum 100 gm 

Distilled water 950 ml 

Sodium iodide 1 gm 

Glacial acetic acid 40 ml 

 

Method 

Haematoxylin dissolved in the alcohol using gentle heat (56°C over, or water 

bath) and dissolved the alum in distilled water using heat with frequent stirring. Then in 
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the hot aqueous alum solution add the alcoholic haematoxylin solution. Then boil the 

mixture. After boiling, the container kept into the cold water for cooling. Then add 

acetic acid in the solution and filter the solution is ready for immediate use. 

1% Eosln 

Eosin is acidic dye which stains basic structure, red or pink i.e., cytoplasmic 

proteins are basic and hence the cytoplasm stains pink or pinkish red. 

Chemical composition 

Eosin Y (water soluble) 1 gm. 

Distilled water 80 ml 

95 % alcohol 320 ml 

Glacial acetic acid 0.4 ml 

 

Method 

Dissolve eosin in water and then add this to 95 % alcohol (1 part eosin solution 

with 4 parts alcohol). To the final mixture add a few drops of glacial acetic acid (0.4 

ml). The acetic acid increases the staining intensity of eosin. When ready to use, the 

stain should be cloudy; if clear, add a few drops of the acetic acid. It may be necessary 

to standardize the solution by control sections and adjusting the staining time or the 

strength of the solution. 

Other reagents  

(a) Dilute aqueous HCl (0.5%) 

Concentrated HCl 2.5 ml 

Distilled H2O (0.5 %): 

  

(b) Dilute ammonia water 

Strong ammonia (28 %) 1.5 ml 

Distilled H2O 500 ml 
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Staining and Dehydration Procedure 

1. The slides were washed in tap water thoroughly and rinse it in 

distilled water. 

2. Stained with Han-is haematoxylin for 3 to 5 minutes. The time 

factor for each batch of stain must be determined by trial. 

3. Washed in running tap water thoroughly and rinse it in distilled 

water. 

4. Washed in running up water thoroughly and rinse it in distilled 

water. 

5. Quickly dipped the slides in and out of 0.5 % HCI. This would ordinarily rake 

only few dips and should be checked under the microscope. Good differentiation 

was present when the nuclei were well stained (dark purple) and the rest of the 

tissue was very pale. Kept the slide wet during checking. If the nuclei were not 

dark enough rinsed in distilled water and repeat the staining. 

6. Washed briefly in water (30 to 60 seconds). 

7. Dipped several times in dilute ammonical water. The sections were change to 

blue color. 

8. Washed in water thoroughly. Then rinsed in distilled water. 

9. Rinsed in 95 % alcohol. 

10. Agitate in eosin staining solution for 10 to 60 seconds, depending again on the 

staining intensity desired and the age of the stain. Drained the stain before going 

to the next step. 

11. Placed in 70 % alcohol (30 to 60 seconds). 

12. Placed in 90 % alcohol (30 to 60 seconds). 

13. Placed in absolute alcohol, 2 changes (30 to 60 seconds each) 

Precautions: 

 Every 10 seconds correspond to one dip; hence timing con be regulated by the 

number of dips. 
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 Change the alcohol when it appears to be stained with stain and change the 

xylene twice a week. 

 Decalcified tissues may take IS minutes to stain with Harris heamatoxylin. 

 The intensity of routine stain should be checked with the pathologists so that the 

routine staining can be standardized. 

 It remains the responsibility of the technician to produced the very best possible 

H & E staining The slides should be differentiated microscopically and not left 

to the capricious effect of dips and time intervals, which are actually only 

baseline guide. Following staining haematoxylin and decolorisation in acid 

alcohol, the slides should be examined under the microscope. 

Clearing: 

Clearing the alcohol from the tissue by using clove oil. Kept the slide in clove oil 

for 15 minutes. The slide kept in the xylol for removing the clove oil from the slide 

about 15 minutes. Now the slides are ready for mounting. 

Mounting: 

Mount the sections permanently in Canada balsam. 

Reagents used 

Canada balsam 55-65 g 

Xylene 100 ml 

                     

Method: 

Prepare using the quantities indicated (greater amounts of resin will result in more 

viscous solutions). 

Cover supping: 

The purpose of cover slip is to preserve the mentioned tissue and also provide a 

transparent surface. After the cover slip is firmly attached, the slide can be handled 

without damage to the tissue sections. 

Cleaning and labeling the slide: 

The final steps in the preparation of a histological slide are: 
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Cleaning: 

After the mounting medium has hardened, excess mounting medium from slide and 

cover slip is removed by scraping with a razor blade and moistened with xylene. 

Labeling: 

The permanent identification information is recorded on the slide label according to 

the procedure used in the particular laboratory. 

 

Microphotography: 

Microphotographs of selected sections should be prepared with photomicroscope. 
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Chapter – 7 

Fish Bioassays  

Introduction 

 The data obtained from bioassays are useful in assessing the effects of toxicants in 

the aquatic environment. Bioassays utilize different measures of toxicity for various 

lengths of exposure to determine whether a particular substance is harmful to the 

environment. All tests described herein are static and of short term duration (96 hours). 

They measure the acute toxicity of a single or complex solution of pollutants. The 

portion describes the preparation and procedures for tests with fresh water and marine 

fish. The different procedures utilized in data analysis are described in detail. Bioassay 

procedures are given using selected toxicants.  

Purposes of Bioassays  

 Bioassays, or toxicity tests, are conducted to measure the effect of one or more 

pollutants on one or more species of organisms. Tests are conducted for various lengths 

of time, but the 96-hour test is the most common. Test organisms are exposed to 

increasing concentrations of a toxicant in order to determine some change in the 

organism. Death is generally used as criteria of a change in the 96-hour test. One or 

more controls are employed in which the organism is exposed to similar conditions 

except lacking the toxicant to provide a measure of experimental acceptability. The 

concentration, which causes a 50 live-death response, is defined as the lethal 

concentration, or LC50. These experiments are conducted under controlled laboratory 

conditions. The data generated, in the form of 96 hour LC50, are used to evaluate the 

effect of a toxicant being discharged into the aquatic environment. These data assist in 

the development and application of water quality criteria for protection of the aquatic 

environment.  

Types of Bioassays  

The term bioassay according to the definition given by FAO (1977) states that:  
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 "Bioassay signifies a test in which a living tissue, organism or group of 

organisms is used as a reagent for the determination of the potency of any 

physiologically active substance of unknown activity."  

 Many different types of bioassays have been utilized from the simpler short-term 

test to highly sophisticated long-term experiments. In addition, the some researchers 

modify a particular test or procedure to fit his needs or interests. Therefore, it is 

important in comparing results that the same experimental protocol was followed. 

Results cannot be compared if one or more of the parameters, such as temperature, 

length of experiment, species of organism, etc., differ in the two experiments. 

 Bioassays are defined according to the duration of the experiment and the 

methods of adding the toxicant to the test solution. These tests are almost exclusively 

carried out under controlled laboratory conditions. While the emphasis herein will be on 

the 96 hour LC50 static bioassay, other types of tests, which require more time, 

equipment, and facilities, are described and documented for possible future use.  

Short-term tests  

 This type of bioassay is conducted for a short period of time, usually 24 or 96 

hours. The 96-hour test period is the most frequently used time interval. Fishes are not 

fed during the test and the solution is not changed. Death of the test organism is the 

criterion used to evaluate the toxicity of the solution. The 96-hour bioassay is 

advantageous because of minimal laboratory requirements and rapid results.  

Long-term tests  

 This type of bioassay is conducted from 7 days to one or more months depending 

upon the species used and the type of data desired. Some long-term tests are simply 

extensions of the 96-hour test period, which generally involve feeding the organisms, 

and may involve renewing the test solution. Death is also used as the criterion for 

toxicity in this type of long-term test. Other long-term tests involve growth or 

reproduction as a measure of sub lethal toxicity. More time and experience is required 

in order to conduct this type of experiment. The advantage of these long- term tests is 

they indicate more realistically whether or not a particular species can live at a 

particular concentration. Results from each test concentration are compared to the 
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control. Criteria for comparisons include growth rate, whether or not reproduction 

occurs, and the number of eggs laid or larvae produced.  

Static tests  

 This type of bioassay is generally of short duration in which the organism is kept 

in the same test solution for the entire experimental period. The 96-hour bioassay is 

almost always of the static type.  

Renewal tests  

 Bioassay in which the test solution in each experimental container is changed 

periodically with fresh solution. The renewal period varies according to the species of 

organism and the toxicant. This type of bioassay requires some additional time for 

changing the test solutions.  

Flow through tests     

 A highly sophisticated type of bioassay in which the test solution is renewed 

continuously. This type of test is perhaps more realistic of field conditions, but there are 

many problems associated with this type of test, such as large space requirements, large 

quantities of water used, and a complex water delivery system.  

Comparative toxicity  

 Results from bioassays are frequently compared with other data in two ways: 

comparison of the toxicity of many different toxicants to the same species of test 

organism and comparison of two or more test organisms to the same toxicant. 

Generally, but not necessarily, comparative toxicity tests are conducted for a 96 hour 

period. Comparative toxicity tests are valuable in giving the researcher greater 

understanding in interpreting the results. These tests, on the one hand, indicate which 

element or compound is the most toxic and on the other hand, they will indicate which 

test organism is the most sensitive, which will be useful in planning future bioassays. 

Whenever possible, more than one species of test organism should be used in separate 

96-hour LC50 bioassays for testing the same toxicant. 

Growth rate  

 This type of test is useful as a sub lethal measurement; however, it requires 

additional time, feeding, and either a flow-through system or periodically renewing the 
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toxicant. Growth rate can be quantified by either determining the body weight or by 

measuring the length of the test organism. These measurements should be performed 

periodically during the course of a long-term experiment. Extreme care must be 

exercised to avoid injury to the test organism while taking measurements. Specimens 

should be measured individually so that means and standard deviations can be 

calculated for the organisms in each concentration.  

Bioaccumulation  

 In this type of test the researcher measures the amount of toxicant, which has 

accumulated in the organism during the period of the experiment. Hydrocarbons, 

pesticides and heavy metals are the most commonly analyzed toxicants. Equipment 

needs to conduct this type of experiment are extensive and expensive. An atomic 

absorption spectrophotometer and gas chromatographic instrument plus supplies and an 

analytical laboratory are required in order to conduct these analyses. This type of test is 

frequently conducted in connection with other bioassays. Organisms, which have 

survived the test period, are analyzed for the presence and concentration of the toxicant. 

If the organism have been fed during the course of the experiment. The entire body is 

analyzed if the test organism is small. Separate organs, such as liver, kidney, muscle, 

brain, and digestive system can be analyzed individually in larger organisms such as 

fish. Sufficient numbers of analyses must be made in order to obtain statistically reliable 

data.  

Community response tests  

 This type of bioassay attempts to obtain a clearer idea of what happens in the 

field. Various experimental conditions are designed. For example, large 

compartmentalized containers, each one containing varying degrees of contaminated 

sediment, are placed in the field. After a period of time, at least a month or so, the 

population in each container is analyzed as to species composition, number of 

specimens, and weight. A minimum of three replicates is required for each 

environmental condition, and the data from each set are compared to the others. Another 

approach to the community response bioassay is to use the same experimental setup but 

instead of placing them in the field, they are kept in the laboratory where unfiltered 
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water is allowed to drip on each compartment separately. The population, which 

develops in the compartment, is compared to the others and related to the degree of 

contamination of substrate. A continuous dripping of the toxicant into each 

compartment may be required. The community response test is a unique approach 

attempting to relate bioassay data to actual controlled field conditions.  

General Bioassay Procedures  

Test Organisms  

 The selection of the test organism for the 96-hour bioassay is dependent upon many 

criteria, which can be grouped according to the organism, the laboratory facilities and 

the researcher. The choice of species to be used should represent different habitats  

Laboratory facilities  

 Careful consideration must be given to the facilities, equipment, supplies, and needs 

of the laboratory in order for the bioassay to be conducted in a scientific and meaningful 

way. An adequate source of a good quality of fresh water is required which is free of 

contaminants. Since toxicity may vary with temperature, it is essential that some method 

of maintaining constant temperature conditions be available where the bioassay is 

conducted.  

Researcher  

 Laboratory personnel conducting the bioassays should have had previous 

experience working with the test organism. It is important that he have some previous 

knowledge of collecting and handling the organisms so that he will be able to 

distinguish normal and abnormal behavior as well as living and dead specimens. If no 

one has had previous experience with the particular species, preliminary bioassay 

experiments should be conducted to gain background knowledge of the test organisms 

and procedures.  

Organism  

 Many criteria need to be considered in the selection of the test organism; these 

include: availability of the species, ability of the species to live in the laboratory, a 

convenient size for handling and keeping under laboratory conditions. 
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 Fish is a major test organism because of their economic importance. Their biology 

is well known and they are usually sensitive. At least one species of fish should be 

included with every series of bioassay tests. The disadvantages are the difficulty in 

collection, handling, and transporting them to the laboratory. Larger laboratory facilities 

are required for the acclimation period as well as for the test period. Because of their 

economic importance, at least one species of fish should be used as a test organism 

where bioassays are conducted. In addition, many species of fish are sensitive to 

pollutants and are good candidates for bioassays. Since many fresh water species are 

reared in governmental or private hatcheries, obtain specimens from them rather than 

collect them from natural waters. The fish must be transferred to a container of water as 

soon as possible for transport to the laboratory. Depending upon the climatic conditions, 

it may be necessary to provide temperature control and aeration during transportation. 

At the laboratory, transfer the specimens into appropriately sized aquaria as soon as 

possible for the holding period.  

Laboratory maintenance of test organisms  

Transportation of field-collected animals to the laboratory is a crucial phase of 

bioassays. Organisms may have been injured during collection, they may have parasites, 

and they are generally crowded in the containers during transit. At the laboratory, 

transfer healthy animals into aquaria containing clean water at a similar temperature. 

Discard injured or parasitized specimens. If 10-20% of the field collected animals die 

within a day or two of collection, do not use the remaining ones in final bioassays. They 

can, however, be used in preliminary, range-finding type of test. Keep field collected 

animals under dally observation for a minimum of seven days before use in bioassays.  

Environmental conditions  

 In general, maintain the animals in similar environmental conditions as present in 

the field. Water temperature changes should be minimal and not greater than 1-30C 

within a 24-hour period. Dissolved oxygen content of the water should be at least 5.0 

mg/1. Water quality should be similar to natural waters in so far as possible.  

Water supply  
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 Fresh water will vary from one place to another. It is necessary to have a constant, 

dependable, good quality water supply for use in fresh water bioassays. Fresh water will 

vary according to the contained salts (hardness), pH, chlorine, dissolved inorganic and 

organic compounds, as well as potential pollutants such as pesticides. A water analysis 

should be made to determine whether or not there is any contamination. If a supply of 

good quality fresh water is not available, it may become necessary to transport it from 

where the test animals were collected. It will be necessary to filter the water soon after 

collection to eliminate microscopic organisms and suspended sediment. Collect a 

quantity of water at one time sufficient to complete the bioassay. 

Procedures for cleaning glassware  

 Some toxicants will adhere to the surface of used test containers and glassware 

and, if the container (either glass or plastic) is used again, there is a possibility of 

contamination. Therefore, it is extremely important that all used test containers and 

glassware be cleaned according to the procedures given below. In some instances, it 

may be more convenient or economical (considering labor costs) to discard the 

containers.  

1. Scrub with a detergent  

2. Rinse five times with tap water  

3. Rinse with 10% HC1 or KmNo4. If metals were used, soak glassware in an acid bath 

for at least 24 hours.   

4. Rinse five times with tap water  

5. Rinse five times with either distilled or deionized water.  

6. Dry in a dust free atmosphere  

7- If available, wash pipettes in an automatic pipette washer.  

Test Solution  

 Prepare test solutions immediately prior to initiation of the experiment. Make 

certain that all chemicals are in solution. Do not use a solvent to dissolve the chemical. 

Selection of test concentrations  

 If the toxicant is available in solid form, the concentrations of test solutions 

should be selected from a logarithmic scale.  
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Preparation of test solutions  

 If the toxicant being tested is in solid form, such as a metallic salt, a stock solution 

should be made. This solution should be approximately two orders of magnitude greater 

than the highest test solution (i.e. if the highest test concentration is 10 mg/1, then the 

stock solution should be 1000 mg/l). This minimizes errors due to weighing and making 

dilutions. However, modifications may be required because of the low solubility of 

some compounds. The metallic salt should be mixed in double distilled water and 

thoroughly stirred.  

Analysis of solutions  

 Because of potential errors in weighing materials and mixing solutions, it is 

important for accuracy to verify the concentration of the toxicant in the stock solution of 

test concentrations by analytical methods. Concentrations of heavy metals are measured 

by atomic absorption spectrophotometry, and gas chromatography is used for analyzing 

petroleum and pesticide solutions. If the actual and calculated concentration of the 

toxicant differs, then the concentration for the stock solution must be adjusted to the 

measured value.  

Replication  

 Use a minimum of 10 organisms per concentration for larger species and 20 for 

smaller species. It is advantageous to have three replicates per concentration so the 95 

% confidence limits can be determined for each replicate series and the calculated LC50 

can be statistically compared to determine whether or not there are significance 

differences between replicate series. 

Random of placement of test organisms  

 Place healthy organisms in appropriate sized containers lacking toxicant. The 

organisms should be randomly selected for a particular concentration series. To 

accomplish this, number each container consecutively. Following a random numbers 

can make selection of test organisms for a particular concentration and replicate.  

Observations  

 Examine each specimen for death and record the observations daily for the 96-

hour test period. Death is the measure generally used in 96-hour tests. Death may be 
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difficult to determine in some of the species. Lack of movement is the most frequently 

used criterion for death. Lack of opercular movement in fish is an indication of pending 

death in fish. Experience in determining death will be gained during the holding, pre-

test period as well as the test period itself. Record indications of stress or abnormal 

behavior in the test organisms; they are generally forerunners of death and will provide 

additional data from the experiment.  

Control  

 The control series is an essential part of any experiment. There must be a control 

series with the same number of organisms and replicates as in each experimental series. 

If a chemical solvent is used to get a toxicant into solution, then a second control series 

containing the solvent is also required. Repeat the experiments if more than 10% of the 

specimens in the control die.  

Conclusion of bioassay  

 Record the number of living and dead organisms in each of the test series and 

replicates. The 96-hour mortality data will be utilized in calculating the 96-hour LC50 

for each replicate series. The test solutions should be disposed of in a safe manner. 

While it is advantageous to use the test container only once, this is not usually 

economically feasible. Test containers must be scrubbed and washed thoroughly with a 

chemical cleaner to remove all traces of the toxicant.  

Probit method  

 This method of calculation of the LC50 minimizes the extremes in the results and 

maximizes the middle percentage survival. The percent mortality for each replicate is 

calculated. The percent mortality versus concentration is plotted on probit graph paper 

for the three replicates. The various steps in the probit regression analysis can be 

accomplished as per Finney 1978.   

Fish  

This group of animals is the most difficult one with which to conduct bioassays 

because of their size and high activity. One should not attempt to conduct bioassays 

with fish, without previous experience with invertebrates as test organisms. Fresh water 
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fish should be used for the initial bioassays especially if specimens are readily available 

from a hatchery.  

Test organisms  

While it would be desirable to use 20 specimens per replicate, 10 specimens per 

replicate with three replicates are frequently used because of space limitations or cost. 

Test organisms should be of the same approximate size. A desirable size is an 8 cm long 

fish weighing 5 grams. The largest one should not exceed the shortest one more than a 

factor of 1.5. However, 10 litres of test solution are required per gram of fish. Placing 

10 test specimens, weighing 5 grams each, in a single test container would require a 

500-liter aquarium. Because of the size of the container required under these conditions, 

it would be prudent to use smaller size fish or larval stages. It is imperative to conduct 

preliminary tests to determine whether a particular fish species is a suitable test 

organism before setting up a final fish bioassay experiment.  

Test procedures  

A range finding test can precede a definitive test, in order to obtain information 

about the range of concentrations to be used in the main test. Examine the fish in 

holding tanks to make certain that none are injured, diseased or parasitized. If six tanks 

are being used, the first six fish to be caught should be randomly placed in the six test 

containers. Aeration should be provided if it was determined to be necessary in the 

preliminary testing. Temperature conditions should be constant, and all aquaria should 

be exposed to equal amounts of light. If artificial light is provided, the day night cycle 

should conform to the natural cycle at the time of the experiment. 

Observations should be made at 0.25, 0.5, 1.0, 2, and 6 hours on the first day. 

Particular note should be made of any abnormal swimming behavior or deaths. Examine 

each aquarium daily till 96 hours. Measure pH and dissolved oxygen concentrations in 

each tank daily. Do not feed the fish one day prior to the test nor during the 96 hours 

testing period; this will minimize the accumulation of faecal material. Death is defined 

as a lack of movement by the operculum and/or floating without movement.  
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