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Abstract: Enzyme-linked immunosorbent assay (ELISA) for detection of endosulfan was 
developed using antibodies raised against endosulfan. The competitive assay formatted was 
specific to endosulfan with a limit of detection of 1ng. The application and efficiency of the assay 
were tested for the detection of residues in different food samples. With an efficient extraction 
method, the recoveries ranged from 48-100% in spiked food matrices. The precision of the assay 
was satisfactory. Validation of the technique was done with spiked food samples using gas 
chromatography (GC). The advanced immunoassay method was preferably a suitable method 
for the rapid, quantitative and reliable determination of endosulfan residues in agricultural 
products. 
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I.INTRODUCTION 
 

    After worldwide ban/restriction on organochlorine pesticides like DDT and BHC, the production and 
use of endosulfan increased dramatically during the 1980s. Endosulfan (CAS Registry Number 
115-29-7) is one of the few organochlorine insecticides with widespread use, and most of the residues 
accumulate in the food chain[1].India is one of the largest producers and the largest consumer of 
endosulfan in the world. Of the total quantity manufactured in India, three companies-Excel Crop Care, 
Hindustan Insecticides Ltd, and Coromandel Fertilizers produce 4,500 tons annually for domestic use 
and another 4,000 tons for export. Endosulfan was widely used in most of the plantation crops in India 
(Indian Chemical Council. 2009). Endosulfan was used extensively worldwide as a contact and stomach 
insecticide for flea beetle, cabbage worm, as an acaricide on few of the field crops like cotton, paddy, 
sorghum, oilseeds and coffee[2]-[4] .Some reports have shown that its highly toxic to aquatic fauna like 
fish and invertebrates[5]. 
     Endosulfan residues are detected in fruits, vegetables, grains, and oilseeds in India. Plantation 
products with high export potential, like tea, cashew nuts, coffee, sesame seeds, and groundnuts, also 
contain endosulfan residue and have faced export problems. Toxicity of endosulfan and health issues due 
to its bioaccumulation came under media attention when health issues precipitated in Kasaragod district 
of Kerala state, India got publicized. The ubiquitous presence of endosulfan residues in the environment 
and the controversy related to their health impact on humans and wildlife warrants the need for a precise, 
faster methodology for their environmental monitoring, as a tool to complement the current 
epidemiologic and biological studies being carried out. Traditional methods for determining OCPs 
involve solvent extraction, liquid-liquid partitioning, and cleanup of the extract before identification and 
quantitative determination by chromatography[6]-[7] .Consequently, these methods are 
time-consuming, labour-intensive, and costly regarding solvent use, disposal and require sophisticated 
equipment for quantitative estimation. Therefore, chromatographic techniques are not suitable for the 
analysis of a large number of samples required for comprehensive monitoring studies. Immunochemical 
techniques have lately gained importance as an alternative and complementary methods for the analysis 
of agrochemicals because of their simplicity, specificity, cost effectiveness, and high sample throughput. 
Moreover, immunoassays (IAs) are convenient methods and do not require sophisticated 
instrumentation. All of these features make it treasured methods for large monitoring programs[8]-[11]. 
Immunoassay development requires the production of antibodies to the analytes and their incorporation 
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into suitable assay formats, usually enzyme-linked immunosorbent assays (ELISAs). The enzyme-linked 
immunosorbent assays (ELISA) has been employed to detect many pesticides[12].Generation of 
specific antibodies and sensitive assays to a small molecule is significantly dependent upon a proper 
design of immunizing and assay haptens. In this study, chicken was used for immunization to produce 
anti-endosulfan IgY antibodies. Recent studies showed benefits of using  IgY antibody technology as a 
replacement for conventional invasive methods that employs the use of rabbits and other mammals. 
Maintaining poultry is cost efficient; egg collection and storage is also easier; separation of IgY antibody 
is simple and fast. It is suggested that the immunization of hens represents an excellent alternative for the 
generation of monoclonal antibodies[13]. 
      Objectives of this study were: 
(i) to develop the immunoassays for endosulfan residue analysis. 
(ii) to determine the accuracy, sensitivity, matrix effects, and utility of ELISA for detecting endosulfan 

in different agricultural products. 
(iii) to eliminate sample cleanup step for ELISA determination. 
(iv) to compare the quality of ELISA results with those obtained by a traditional GC methodology. 

II. METHODOLOGY 
A. Chemicals and reagents  
  Endosulfan (99%), heptachlor, and other pesticide standards were purchased from Sigma-Aldrich 
Chemical company. Bovine serum albumin (fraction V, BSA), alkaline phosphatase(ALP), goat 
anti-chicken IgY (whole molecule) conjugated to ALP, Freund’s Complete and incomplete adjuvants, 
Salts for carbonate buffer, phosphate buffer, diethanolamine buffer, dichloromethane, gelatin, tween 20, 
sodium hydroxide and p-Nitrophenyl phosphate  were from Bangalore Genei Pvt Ltd., India . 
Polystyrene 96-microwell plates were purchased from Nunc (Roskilde, Denmark). Analytical grade 
chemicals were procured from standard chemical companies. All the food samples were purchased from 
local market. The hapten, polyclonal antibody and ALP-pesticide conjugate for endosulfan assay were 
synthesized at CFTRI, Mysore. The chickens were procured from Manikya poultry farm, Mysore and 
maintained under good laboratory conditions at the Poultry Facility, MFPT Dept. CFTRI.  

B. Synthesis of Pesticide-Protein-Hapten-Conjugates 
Hapten and its ester were prepared according to Amita et al. 2003[14 ] .The activated haptens were then 
conjugated to three carrier proteins –Bovine serum albumin (BSA), ovalbumin (OVA) and alkaline 
phosphatase (ALP). Protein BSA was dissolved in carbonate buffer, and 40-fold molar excess of active 
esters of hapten was added to the protein solution at low temperature. Mixing was done at low 
temperature for 8 h.The hapten-protein conjugates were dialyzed in carbonate-buffered saline with three 
changes at interval of 2 h. Then the hapten-protein conjugate was lyophilized. Similarly, OVA and ALP 
conjugations were carried out. 
 
C. Estimation of the level of conjugation 
The conjugation of hapten to protein was estimated by TNBS method [15]. To 400 μL of carbonate 
buffer (pH 9.5, 250 mM), 400 μL of protein (1 mg/mL) and 100 μL of freshly prepared TNBS were 
added and filtered. The filtrate was incubated for 1h at room temperature. After incubation, 5 mL of 
distilled water was added. Spectrophotometric readings were taken at 367 nm. BSA without 
conjugation was also run to calculate the difference in the number of free lysine groups. % conjugation 
was calculated by calculating the difference in O.D. of conjugated and non-conjugated BSA. Similar 
experiments were carried out with OVA and ALP. 

D. Immunization procedure 
Twenty-week-old Single comb white leghorn poultry (layers) were immunized with hapten-BSA 
conjugate emulsified with Freund’s complete adjuvant. 1mg of the hapten-BSA conjugate in PBS buffer 
(0.5 mL) was mixed well with 0.5 mL of Freund's complete adjuvant, vortexed well and injected to 
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poultry intramuscularly (at breast muscle). Subsequent immunizations were given with Freund's 
incomplete adjuvant and 500 μg of hapten-protein conjugate every 15 days for 6 months [16]. 

E. Isolation of antibodies 
Egg yolk antibody was isolated by PEG-6000 method. The yolk was separated from egg albumin. 40 mL 
of phosphate buffer saline (50 mM, pH 7.2) was added per yolk and stirred for 1h at room temperature. 
10 mL of chloroform was added to yolk in buffer Stirring was continued for another 30 min at room 
temperature. The solution was centrifuged to remove the precipitate. To the supernatant 14 %(w/v) 
polyethylene glycol, 6000 was added and stirred for 90min. The precipitate  (which contains IgY), was 
dissolved in a known quantity of phosphate buffer saline (50 mM, pH 7.2) and stored at -20 °C[17]. 
F. Protein profile 
 The protein profile of IgY was determined according to Bradford [18].A know concentration of 
antibody sample was taken in final volume of 1.5 mL with distilled water . 1.5 mL of Bradford reagent 
was added and incubated at room temperature with intermittent shaking at room temperature for 30 
min. Absorbance was recorded at 595nm using BSA as a standard. 

G. Characterization of antibodies  
1. Antibody titer 
The antibody IgY titer was determined by ELISA method. All assays were performed at 37 °C. 
Microtitre plates were coated with 100 μL of suitable dilutions of the antibody and immobilized 
overnight at 4 °C. Microwells were washed thrice with washing solution (PBST; i.e., 0.1% Tween 20 in 
50 mM PBS with pH 6.5), and blocked with 2 % gelatin (100 μL per well) for 2 h and 30min at 37 °C. 
An excess amount of blocking agent was removed by washing the microwells with washing solution. 
100 μL of suitably diluted hapten-ALP conjugate was added and plates were incubated at 37 °C for 1 h. 
After washing the microwells with washing solution, color was developed by incubating the ELISA 
microwells with 150 μL of p-NPP for 30 min. Then the reaction was stopped by the addition of 50μL of 
3M NaOH.Absorbance was  recorded at 405 nm using a microplate reader. 
2. Optimization of antigen and antibody concentrations 
  Antigen and antibody concentrations were optimized using checker board analysis. Different 
concentrations of antigen and antibody were carried in microwell plates. Spectroscopy measured the 
color intensities. Further studies were performed using the  optimized dilutions. 
3. Competitive Immunoassay 
  ELISA was performed with different concentrations of endosulfan. Microwell plates were coated with 
100 μL of suitably optimized dilution of 1:10000 of the antibody and immobilized overnight at 4 °C. 
Microwells were washed thrice with washing solution. Vacant sites were blocked using gelatin (2%) 
blocking solution for 2 h , 30 min at 37 °C[16 ] .Excess of blocking agent was removed by washing the 
microwells thrice with washing solution.Different concentrations (100 μg to 1 ng) of endosulfan were 
added along with 100 μL of suitably diluted hapten-ALP conjugate and plates were incubated at 37 °C 
for 1 h. After washing the microwells thrice with washing, color was developed by the addition of 150 
μL of p-NPP for 30 min. Color development was stopped by the addition of 50 μL of 3M NaOH. O.D. 
values were recorded at 405 nm using ELISA reader. 

4. Standard curve 
The O.D. at 405 nm is inversely proportional to the concentration of endosulfan in the standards and 
samples. To normalize the absorbance, the background absorbance was subtracted from each value 
followed by division of each value by the positive control (0 ng/mL endosulfan). The standard curves 
were constructed by plotting the normalized absorbance values (A/A0) against the log values of the 
endosulfan concentration.  Endosulfan concentrations in the food samples were interpolated from the 
standard curve. 

 
5. Antibody specificity 
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Standards like  and β-endosulfan, DDT and other organochlorine pesticides, chlorophenols, 
chlorobenzenes were used to study the specificity. Cross-reactivity was calculated as the reduction in 
activity compared to the control (- and β-endosulfan) and expressed as relative percentage activity. 
Pesticide stock solutions were prepared by dissolving the standards at 1mg/mL acetone.  Assay 
standards were prepared by diluting the stock solutions using 50 mM PBS and dimethylformamide(1:1 
ratio)in borosilicate glass tubes and used within 30min of preparation. The assay was carried out by 
competitive ELISA as described above. 

H. Immunoassay using spiked food samples 
   Food samples were spiked with known concentrations of - and β-endosulfan, mixed well and kept 
overnight at room temperature and then at 4 °C for stabilization for 8 h. Food samples without spiking 
with endosulfan served as control. The spiked and unspiked samples were re-suspended in 50 mM PBS 
buffer; pH was maintained at 2.0 by addition of concentrated HNO3 and extracted thrice with three 
volumes of dichloromethane. The solvent fractions were pooled, passed over anhydrous sodium sulfate 
and concentrated. The pesticide was then resuspended in phosphate buffer (50mM, pH 7.5) containing 
DMF for immunoassay. A competitive immunoassay was carried out as described earlier. 

I. Gas Chromatography (GC) analysis 
       The samples after extraction were passed through a bed of activated florisil and anhydrous sodium 
sulphate. It was later evaporated to dryness and resuspended in  a known volume of HPLC grade 
hexane.  Gas chromatography was done using Shimadzu gas chromatograph.1µl of the extract 
suspension was injected into a BP-5 capillary column (30m X 0.25 mm ID) fixed at 180 °C  and 
programmed : 180 °C for 10 min and a rise @ 2 °C/min upto 220 °C .Pure nitrogen gas (IOLAR grade 
1) was used as the carrier @ 1mL/min[19 ] .Quantification of endosulfan in the sample was done using 
the area under the peak and comparing with the standard under same conditions.  
 

III RESULTS AND DISCUSSION 
       This study describes a sensitive enzyme immunoassay that quantifies endosulfan in food and 
environmental samples using avian antibodies. The food sample containing endosulfan competes with 
anti-endosulfan IgY which will be recognized by immobilized endosulfan –ALP conjugate in microwell 
plates. After removal of unbound reagents, the amount of antibody bound to the immobilized 
endosulfan–ALP conjugate was determined by using a chromogenic substrate (PNPP). The 
concentration of endosulfan in a food sample was quantified by the ability of the endosulfan in food 
material to inhibit binding of anti- endosulfan antibody to the conjugate, and the color developed was 
inversely proportional to the concentration of endosulfan in the original sample. It was observed that 
with the endosulfan BSA conjugate, out of total 28 available lysine molecules in BSA, 19 lysine 
molecules were found to be bound to endosulfan molecule, i.e. the extent of conjugation was 68%. 
Determination of optimum concentrations of antigen and antibody is essential in obtaining better results 
in an immunoassay. Assay optimization was done using checkerboard analysis to determine the optimum 
antigen and anti-pesticide antibody concentration. This optimum value was used to carry out further 
immunoassay experiments. Cross-reactivity studies were carried out for the antibodies to determine the 
specificity of the immunoassay. The cross-reactivity values were determined by comparing the standard 
curves of the analyte under investigation with similar haptens. 

A. Studies with poultry antibodies (IgY) 
The antibodies produced in the egg yolk of the white leghorn chickens were used for protein and 
antibody titer. Protein titre of all antibody preparations produced during immunization was tested. 
Protein levels increased in the 1st and 2nd weeks with the booster injections. It decreased very slightly in 
the 3rd week and was found to be maximum in the 7th week (Figure 1). After the 7th week, the protein 
value again started decreasing. In the 10th and 11th week the protein value was almost constant and then 
it decreased. Similarly, antibody titer was determined for all antibody preparations.  The antibody titer 
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was found to be maximum in the 13th week after performing the immunodetection methods both direct 
method and indirect method (Figure 2). Hence, an antibody obtained on the thirteenth week was used 
for further studies. Titre values by direct ELISA were higher than indirect ELISA (data not shown).  

 
Figure 1. Number of weeks versus protein concentration(µg/mL) 

 
Figure 2. Number of weeks versus Antibody titre 

 
 
B.Choice of Antibody and Enzyme Conjugate Concentrations 
Optimal concentrations of antigen and the best working concentrations of antibody were determined by 
performing assays using varying concentrations of the conjugate and antibody. The checkerboard 
analysis indicated that antigen (endosulfan-ALP conjugate) dilution of 1:10K (~125 ng protein) and 
antibody dilution of 1:25 K (~139 ng protein) gave the optimum readings (data not shown). These 
concentrations were chosen for further work. 

C. Optimization of Assay Condition 
Carbonate buffer (pH 8.6) was chosen as the buffer in the present work unless otherwise stated. 
Calibration curves were generated using - and β- endosulfan (99% pure) at concentrations from 1ng 
–100μg, prepared in phosphate buffer: DMF (1:1) (Figure 3 & 4). The sensitivity of the assay was 
determined by identifying the limit of detection defined as the lowest measurable concentration of - and 
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β- endosulfan that could be distinguishable from zero concentration. By eight replicate measurements, 
the limit of detection was 1 ng/mL.  The IC50 value of endosulfan using this avian antibody was 44.25 
ng/mL. In similar studies conducted, [ 20] the IC50 value using rabbit IgG antibody was 5.3±0.4µg/kg 
and the detection limit was 0.8 ±0.1µg/kg. 

 
                                       Figure 3. Caliberation curve for Alpha-Endosulfan 

 
Figure 4. Caliberation curve for Beta-Endosulfan 

D. Cross-reactivity studies 
The environment is heterogeneous and has a mixture of different chemicals. Interaction of the avian 
anti-endosulfan antibody was tested, as it was necessary to test the ability of other pesticides to 
cross-react in the present competitive immunoassay for endosulfan.Cross-reactivity was studied with 
few chlorinated pesticides.The IC50 values are given in Table 1.There was least cross-reactivity with the 
pesticides studied. Diuron and Aldrin did not show any reactivity. Highest IC50 value of 333 µg was 
obtained with Trichlorophenol (TCP) followed by endrin and dichlorobenzene. This indicated that the 
anti-endosulfan antibody was very specific. 
 
 
 
 
 
 
 
 

            Table 1: IC50 values of different pesticides for cross reactivity against endosulfan specific                   
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             antibodies 
SL. No. Pesticide tested IC50 value 
1 α-Endosulfan 54 
2 β-Endosulfan 52.6 
3 DCP 151 
4 TCP 333 
5 Dichlorobenzene 263.15 
6 Trichlorobenzene 64.93 
7 Hexachlorobenzene 62.5 
8 Methoxychlor 227.27 
9 Diuron No reactivity 
10 Aldrin No reactivity 
11 Endrin 294.11 

 

E. Precision and Accuracy 
The Intra- and inter assay precisions were determined at different - and β- endosulfan concentrations 
(1–100 μg). The intra-assay precision was assessed by analyzing six replicates of each sample in a single 
run, and the inter-assay precision was assessed by analyzing the same sample, as duplicates, in three 
separate trials. The assay gave satisfactory results over all the tested concentration levels; the 
coefficients of variations were 0.003 to 1.339 and 0.055 to 1.413 % for intra- and inter assay precision 
for  - endosulfan, respectively and 0.004 to 1.339 and 0.055 to 1.413%  for intra- and inter assay 
precision for β- endosulfan. (Table 2 and 3). 

Table 2: Precision of the ELISA for α-endosulfan standard Curve 
Conc. of - 

endosulfan (ng) 
Intra assay (n=6) Inter assay (n=6) 

 SD CV (%) SD CV (%) 
0.001 0.001 1.00 0.325 0.055 
0.002 0.014 0.003 0.709 0.135 
0.005 6.435 1.158 5.487 0.915 
0.01 1.844 0.267 1.375 0.196 
0.02 1.372 0.212 1.032 0.184 
0.04 0.768 0.136 0.992 0.159 
0.06 1.661 0.282 1.063 0.2 
0.08 0.479 0.069 0.744 0.087 
0.1 0.512 0.091 0.582 0.175 
0.25 0.549 0.102 0.652 0.145 
0.5 0.622 0.096 0.751 0.221 
1 0.734 0.152 0.782 0.261 
10 5.646 0.984 7.328 1.196 
50 3.570 0.588 8.567 1.413 

100 7.332 1.339 6.762 1.095 
SD¼ standard deviation; CV¼ coefficient of variation. 

 
 
 
 
 
 

Table 3: Precision of the ELISA Standard Curve for β-endosulfan 
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Conc. Of β- 
endosulfan (μg) 

Intra assay (n=6) Inter assay (n=6) 

 SD CV (%) SD CV (%) 
0.001 0.001 1.00 0.353 0.055 
0.002 0.022 0.004 0.719 0.135 
0.005 3.805 1.158 2.587 0.915 
0.01 1.244 0.267 1.375 0.196 
0.02 1.172 0.212 1.222 0.184 
0.04 0.768 0.136 0.852 0.159 
0.06 1.481 0.282 1.273 0.2 
0.08 0.519 0.069 0.644 0.087 
0.1 0.612 0.066 0.572 0.211 
0.25 0.649 0.122 0.542 0.242 
0.5 0.522 0.241 0.781 0.186 
1 0.634 0.165 0.762 0.192 
10 5.146 0.984 7.078 1.196 
50 3.270 0.588 8.177 1.413 

100 7.432 1.339 6.372 1.095 

SD¼ standard deviation; CV¼coefficient of variation. 
 

F. Matrix effect on the immunodetection of endosulfan  
 Different food matrices such as vegetables, cooked foods, fruits, bread, rice, milk and milk products 
were checked for interference of matrix in immunoassay for the detection of endosulfan. The studies 
were conducted using both - and β-endosulfan (Table 4).A known amount (100 ng) of - and 
β-endosulfan standard were added separately.  Among vegetables coriander and tomato showed 
maximum matrix effect with 56 % recovery of -endosulfan. With β-endosulfan beetroot showed 
maximum matrix effect with a recovery of 49% followed by tomato and coriander where respectively 
56% and 57% recoveries were observed. In case of milk and milk products there was 74% and 85% 
recovery of alpha and beta endosulfan respectively. Pomegranate showed least recovery of 41% and 
40% respectively with - and β- endosulfan. Apple also showed less recovery of 48% and 50% 
respectively with - and β-endosulfan. Grape showed complete recovery with β-endosulfan and higher 
values with -  endosulfan. Among cooked food samples recovery was better with 89% and 81% 
respectively of  and β- endosulfan being detected. Red rice showed 74% recovery of alpha endosulfan 
and 62% recovery of β-endosulfan. Spiked bread showed less matrix effect with 89% and 86% 
recoveries respectively of both - and β-endosulfan. Complete recovery of endosulfan could be 
observed with β-endosulfan where the pesticide spiked onto matrices such as onion, beans and grape 
could be recovered completely. The overall recovery ranged from 48 to 89% for - endosulfan and 40 
to104% for β- endosulfan. In a study reported,[14] the assay was tested for the detection of spiked 
endosulfan residues in spices like chilly,pepper cardamom etc  and recovery ranging from 75-100% was 
obtained. 

 

 

 

 

Table 4: Percentage recovery of α and β-endosulfan from food spiked samples 
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Food matrix -Endosulfan % Recovery β-Endosulfan % Recovery 
Ladies finger 6.65 66.5 6.48 64.8 
Beet root 6.0 60 4.9 49 
Carrot 7.2 72 7.38 73.8 
Coriander 5.697 56.97 5.67 56.7 
Cabbage 7.209 72.09 7.935 79.35 
Tomato 5.62 56.2 5.77 57 
Onions 7.62 76.2 10.48 104.8 
Chilli 6.04 60.4 6.45 64.5 
Garlic 8.32 83.2 8.45 84.5 
Beans 8.6 86 10 100 
Ginger 7.18 71.8 7.38 73.8 
Milk 7.44 74.4 8.548 85.48 
Butter 8.42 84.2 8.35 83.5 
Seva bath 8.95 89.5 8.129 81.29 
Bread 8.95 89.5 8.67 86.7 
Pomogranate 4.16 41.6 4.06 46.6 
Lemon 5.56 55.6 5.58 55.8 
Apple 4.88 48.8 5.096 50.96 
White rice 7.95 79.5 7.87 78.7 
Mango 4.86 48.6 5.58 55.8 
Orange 5.58 55.8 5.48 54.8 
Grape 20 200 10.16 101.6 
Red rice 7.44 74.4 6.29 62.9 

 
G.Analytical performance of the assay 
The spiked food samples were analysed by GC-ECD to compare the performance of the assay. It was 
observed that food matrix had lot of interfering effects on the recovery of alpha endosulfan. Only 9.2% 
recovery was observed using capsicum food matrix .There was no recovery with other food matrices. 
However with beta endosulfan the recovery of spiked substrate ranged from 8 to 463%.This indicates 
that immunoassay had lesser matrix interference than GC (Table 5).   

Table 5: Precision of immunoassay for  and β- endosulfan 
- endosulfan 

added 
Recovery (%) β- endosulfan 

added 
Recovery (%) 

 Immunodetection GC  Immunodetection GC 
100 ng 100.28±3.44 73.49±0.110 100 ng 87.99±2.61 83.41±0.727 
100 ng 107.27±0.58 83.56±0.247 100 ng 98.12±0.29 76.77±0.172 
100 ng 87.99±2.61 73.01±0.092 100 ng 83.41±0.727 91.78±0.37 
100 ng 89.13±4.10 86.36±0.123 100 ng 100.01±0.030 85.18±0.212 

 

IV CONCLUSIONS 
In summary, an immunoassay format (ELISA) using avian antibodies for determination of - and β- 
endosulfan in food samples has been developed and optimized. Since the assay produces a colored 
readout by ELISA only a colorimetric plate reader is required for ELISA.This methodology is easy to 
perform in 96 well plates making it convinent for  operator to analyze a large batch of samples and 
acquire the result of the analysis within 2 h when the plate has been previously coated with conjugate and 
blocked with gelatin.  In addition, the assay exhibits excellent sensitivity, with the capability to determine 
endosulfan in food and environmental samples at even lower concentrations upto 1 ng. This high 
sensitivity will enable us to validate this system for detection of - and β- endosulfan in different water 
samples and different food samples. The format is adaptable, in principle, to a wide variety of 
antibody-antigen systems. 
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