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1.0
SCOPE AND APPLICATION 

1.1  
This SOP describes a procedure for the quantitative determination of diazinon and chlorpyrifos in surface freshwater using a competitive enzyme-linked immunosorbent assay (ELISA). The immunoassay technique provides a single quantitative result, reported as diazinon or chlorpyrifos, for all compounds detected. The procedure described is based on EPA SW-846 Standard Method 4670 (for detection of atrazine).

1.2
The products used in this procedure are commercially available from Strategic Diagnostics, Inc. (SDI).  The format of this assay is a 96-well microtiter plate using the SDI EnviroGard Plate Kit.

1.3 
The method detection limit (MDL) submitted by the manufacturer of the testing product is 22 ng/l for water matrix samples. The actual detection limit may be dependent upon the more specific sample matrix (i.e. groundwater, rainwater, etc.) and the analyst's performance.  This method is appropriate for detection of diazinon concentrations in the range of 30 to 500 ng/l and chlorpyrifos concentrations in the range of 50 to 600 ng/l.
1.4 
Immunoassay techniques use antibody molecules that bind to the target analyte (in this case, diazinon or chlorpyrifos) as well as other chemicals.  Hence, an immunoassay has a tendency to overestimate the concentration of the target analyte when other analytes that may bind with the antibody are present.  Thus, the specificity of this procedure for diazinon or chlorpyrifos is partly a function of the cross-reactivity of those other compounds (see Section 4.1.2, Tables 1 and 2).

1.5
For large numbers of samples, this immunoassay technique may be preferable to traditional GC/MS methods because of its sensitivity (sub-parts per billion), quickness (approximately 2 hour total analysis time for 30 samples), ease of sample preparation, and relatively low cost (at least 20% less than GC/MS).  We estimate that approximately 60 samples can be analyzed in one day (without clean up or extraction).

SUMMARY OF METHOD

2.1
A diagram of the ELISA process is presented in Figure 1.  An accurately measured volume of sample is mixed with a volume of enzyme-diazinon conjugate or enzyme-chlorpyrifos conjugate reagents in a microtiter plate coated with anti-diazinon or anti-chlorpyrifos antibodies, respectively.  The conjugate "competes" with the diazinon or chlorpyrifos present in the sample for binding to the anti-diazinon or anti-chlorpyrifos antibody immobilized on the walls of each plate well. The mixture is incubated at room temperature.  Unbound conjugate and sample analyte that may be present in wells are removed by washing with deionized water or washing solution.  A signal-generating substrate/chromogen reagent is added and the plate is incubated again at room temperature.  A stop solution is added to the wells of the plate to terminate the signal-generating activity of the enzyme-conjugate reagent. The absorbance is measured at a wavelength of 450 nm. 

2.2
The test is interpreted by measuring the signal produced by a sample and determining the concentration from a dose-response curve constructed from standards tested at the same time. The color (signal) developed during the test is inversely proportional to the concentration of diazinon or chlorpyrifos in the sample.  Thus, the darker the solution, the lower the concentration of diazinon or chlorpyrifos in the sample.
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	Figure 1. Competitive ELISA.  [Source: Strategic Diagnostics, Inc. http://www.sdxi.com/techov.html]




3.0 
DEFINITIONS

%B0:  B0 is the average optical density (OD) of the calibrator or sample divided by the average OD of the negative control, multiplied by 100.

Accuracy: A measure of the bias in a system when compared to a reference procedure.

Antibody: A serum-based protein or ascites which specifically recognizes and binds to an antigen or set of antigens.

Antigen: A substance that elicits an immune response and reacts specifically with an antibody.  For most immunoassays used for environmental monitoring, the antigen consists of a hapten (target analyte or analog) covalently linked to a protein carrier.

Coefficient of Variation (CV): A term for analytical precision defined as the standard deviation divided by the mean and multiplied by 100, also known as percent relative standard deviation.

Comparability: An expression of the confidence with which one data set can be compared to another.  For example, at least 10% of the immunoassay results should be compared with results generated by GC/MS.

Completeness: A measure of the amount of valid data obtained from a measurement system compared with the amount of valid data expected.  

Cross-Reactivity: A measure of a compound’s affinity for binding with antibodies for another analyte.  Many compounds may have similar traits as the desired analyte and may be detected (in varying degrees) by the anti-analyte antibodies, giving false positive results.

Data Quality: The totality of features and characteristics of data that bear on the ability of the data to satisfy a given purpose.  The characteristics of major importance are accuracy, precision, completeness, representativeness, and comparability.  

Data Validation: Systematic process for reviewing a body of data against a set of criteria, including data editing, screening, checking, auditing, verification, certification, and review.

Detectability: Sensitivity of a method to accurately measure a substance in a specified concentration range.  Also known as Limits of Detection, or LOD. 

Immunoassay: An analytical tool which employs a wide range of methods to quantify antigens or antibodies.
Interferences: Substances or conditions found in an environmental matrix that interfere with accurate measurements of the target analyte.
Optical Density (OD): Unit of measurement in spectrophotometry, also called absorbance.
Precision:  Standard deviation is a measure of precision.  It is more statistically correct to refer to standard deviation as a measure of scatter or dispersion.  An evaluation of replicate measurements in a single run, in day-to-day runs, and runs by different laboratories, all under prescribed similar conditions.

Quality Assurance (QA): The total integrated program for assuring the reliability of monitoring and measurement data.  A system for integrating the quality planning, quality assessment, and quality improvement efforts to meet user requirements.

Quality Control (QC): The routine application of procedures to determine if a method is performing within established criteria.

Representativeness: An expression of the degree to which data accurately and precisely represent a characteristic of a population. 

Specificity:  The ability of an antibody to recognize and attach to corresponding antigens and no other unrelated antigen.  

Standard Operating Procedure (SOP): A document which details an operation, analysis, or action whose mechanisms are established and an acceptable method for performing certain procedures.
4.0 
INTERFERENCES

Cross-Reactivity

4.1
Compounds that are chemically similar to diazinon or chlorpyrifos may cause a positive test result (false positive) for diazinon and chlorpyrifos analyses. This phenomenon is known as cross-reactivity. The ELISA kit used in this procedure has been evaluated for cross-reactivity by the manufacturer. The diazinon plate kit is essentially non-reactive to other pesticides, with the exception of pirimiphos-ethyl and pirimiphos-methyl.  Table 1 provides the concentration at which known cross-reactants will give a comparable response to that of diazinon when present in the sample. The chlorpyrifos plate kit fails to differentiate between chlorpyrifos and other closely related compounds.  However, their presence is detected by the kit to differing degrees.  Table 2 provides the concentration at which known cross-reactants will give a comparable response to that of chlorpyrifos when present in the sample.

4.2
The presence of cross-reacting compounds will result in an increase in the calculated concentration of the sample being analyzed and therefore influence the incidence of false positive results.  Confirm a certain percentage (usually 10%) of positive results using another analytical technique such as GC/MS. False negative results are generally not a concern with immunoassay techniques.

Table 1.  Compound concentrations resulting in 50% Bo and 85% Bo, the lower limit of detection (LLD).

	Compound
	50% B0
	LLD (85% B0)


	Diazinon
	100 ng/l
	22 ng/l

	Diazoxon
	900 ng/l
	200 ng/l

	Pirimiphos-ethyl
	700 ppb
	125 ppb

	Pirimiphos-methyl
	5000 ppb
	900 ppb


Table 2.  Compound concentrations resulting in 50% Bo and the approximate lower detection limit (LLD).

	Compound
	50% B0
	LLD 

	Chlorpyrifos-ethyl
	0.3
	0.05

	Chlorpyrifos-methyl
	0.05
	0.02

	3,5,6-Trichlor-2-pyridinol
	>1000
	100

	Azinphos
	293
	10

	Azinphos-methyl
	715
	82

	Bromophos
	3
	0.5

	Bromophos-methyl
	0.4
	0.07

	Fenchlorphos
	0.6
	0.01

	Fenitrothion
	450
	40

	Parathion-methyl
	522
	50

	Picloram
	>1000
	1000

	Quinalfos
	200
	20

	Triazophos
	30
	2

	Triclopyr
	48
	3


Matrix Effects

4.3
Non-specific interferences such as sample pH, temperature, osmolarity, solvents, surfactants, and the presence of metal ions can affect immunoassay performance. 

4.4
ELISA tests are prone to matrix effects due to the presence of interference agents (e.g. suspended solids) that interfere with antibody binding events.  Since ELISAs default to false positives, the effect of these interference agents leads to a false positive basis in analytical results.  Matrix effects need to be considered if the assay described below is used on “dirty” matrices such as sewage or stormwater runoff.

4.5
Matrix effects can be quantified by comparing a standard calibration curve produced in a defined buffer system with a calibration curve generated in a sample extract.  In ELISAs, matrix effects are characterized by a reduced rate of substrate turnover in a sample which contains matrix as compared to an equivalent buffer system.  The slope of a standard calibration curve with matrix effects is typically less steep than with the buffer system. 

4.6
For each plate, at least one sample should be run with and without an added internal standard spike.  This provides a measure of the extent of interference from matrix effects.  If spike recoveries do not fall within 80-120%, determinations should be repeated after sample clean-up.  Spiked samples should be diluted to read on the linear portion of the standard curve, using a four-parameter semi-log fit.

5.0
EQUIPMENT AND APPARATUS

5.1
Following is a list of equipment and apparatus.

· 10 ml volumetric flask (1)

· 100 ml volumetric flask (1)

· 50 ml beaker (3)

· 250 ml beaker (1)

· 500 ml beaker (1)

· Disposable Scintillation vials

· Eppendorf 12 Channel Multi Pipette (1)

· Eppendorf 10-100 µl Pipette (1)

· Eppendorf Repeater Pipette (1)

· Eppendorf Repeater Pipette Tips (6)

· 500-5000 µl Eppendorf (1)

· Tips for 500-5000 µl l Eppendorf (clear tips)

· 100 µl nonadjustable pipette (1)

· Tips for 100 µl non adustable pipetts 

· Disposable pasteur pipette with bulb (1)

· 100 µl Hamilton syringe (1)

· 500 µl l Hamilton Syringe (1)

· 1000 µl Hamilton Syringe (1)

· Orbital Shaker (Lab-Line) with 0 to 10 rpm speed curve

· Plate-Strip Reader (VERSAmax)

· 12 Channel Plate Washer (Nunc)

· Timer

· Parafilm

· Kimwipe

· Latex Gloves

· Paper Towel

· Table & benchsheet cover

6.0
REAGENTS AND STANDARDS

6.1
Due to the sensitive nature of their materials, ELISA kits must be handled with special care.  All kit components should be stored at 4C to 8C when not in use.  Kits should not be stored at room temperature for greater than 8 hours.  Unused plate strips should be stored in a resealable plastic bag with desiccant.  Expired kits should not be used.

6.2  
Allow all reagents and samples to reach ambient temperature (18 to 27C) before beginning analysis.  Do not mix reagents or test well strips from plate kits with different lot numbers.

6.3
Aqueous solutions of diazinon are affected by acidic conditions. Collect all samples and all standards in glassware that has been rinsed free of all acidic residues.

6.4
The following are included in a commercial diazinon or chlorpyrifos ELISA kit.

· 8 strips of 12 antibody-coated wells, in strip holder

· 1 vial of 100 ng/mL Diazinon or Chlorpyrifos stock solution

· 1 vial of Diazinon-enzyme conjugate or Chlorpyrifos-enzyme conjugate

· 1 vial of Substrate

· 1 vial of Stop Solution 

7.0
PROCEDURE

Set Up

7.1
Remove ELISA kit(s) from freezer and allow to warm up to room temperature. Label the vials, volumetric flasks, and beakers for samples and standards and add the required amount of deionized or glass distilled water to each vial.  Samples can also be poured into their respective labelled vials at this point.  This will allow for samples to warm while the calibrators are being prepared. See Section 7.4.

7.2
While waiting for samples to reach room temperature the sample summary sheets can be filled out. Each sheet will include analysis date, sample date, sample time, site name, technician’s name and any other required info. The sample information will correspond to the samples location on the ELISA plate and will be used again when reporting results. A sample summary sheet is appended (Appendix D).

7.3
Label a 100 ml volumetric flask for chlorpyrifos 1000 ng/l stock standard and label a 10 ml volumetric flask for diazinon 1000 ng/l stock standard. 

7.4
Label 3 small beakers for the methanol rinses as 1st rinse, 2nd rinse and 3rd rinse.  Label 1 beaker for DI water

7.5
Label 20 ml vials with white cap for each standard as follows:

For Chlorpyrifos: C0, C600, C300, C125, C50 and stock

For Diazinon: D0, D500, D250, D100, D30 and stock

7.6
Label a vial for each sample.  Label as S1, S2, and S3….

7.7
Label two timers, one for diazinon and one for chlorpyrifos. 

7.8
Add glass distilled DI water as follows: 5 ml to each C0 and D0 vials.  Using an adjustable pipette, add the required amount of water to each vial as listed in Tables 1 and 2 of Section 7.3.1.  Once the stock solution is added, the total volume in each vial should be 5 ml.

7.9
Add methanol to the rinse beakers. (Methanol should be used under the hood)

Preparation of Stock Solutions

7.2.1 
For the chlorpyrifos stock solution: 
Chlorpyrifos: 

Rinse the 100 µl syringe with MeOH 3 times.  Wipe the tip with KimWipe.

To make  the 1000 ng/ L chlorpyrifos stock solution, take 100 µl of 1 ppm chlorpyrifos stock solution from the test kit and add it to 100 ml of H2O in a flask:

100 µl of 1000 ng/L chlorpyrifos ==(  100 ml H2O ==( 1000 ng/ L Chlorpyrifos

7.2.2
For the diazinon stock solution:

Diazinon: 

Rinse the 100 µl syringe with MeOH 3 times. Wipe the tip with KimWipe.

To make the stock solution of 1000 ng/ L, take 100 µl of the 100 ng/ ml Stock solution from the test kit and add it to 10 ml of water.

(Note:  Add water to flask, add the 100 µl standard and bring to volume with H2O by using a clean glass dropper)

100 µl of 100 ng/ ml Diazinon ==( 10 ml H2O ==( 1000 ng/ L Diazinon

7.2.3
Transfer both chlorpyrifos and diazinon standards from their flask to labelled scintillation vials.  This is done because the syringes do not properly fit the opening of the flasks.  

7.3  
Preparation of Calibrators

7.3.1
Refer to Table 1 for volumes of stock solution and glass distilled water needed for the preparation of chlorpyrifos calibrators.  Use adjustable pipettes of 100 µl or 500-5000 µl depending on the volume needed to draw the required amount of chlorpyrifos stock solution of 1 ppb.  Add the required amount of stock solution to the glass distilled water in the in the labeled vials.  Make sure the meniscus line up.

Table 1- Chlorpyrifos calibrators preparation

	Calibrator
	Stock solution
	Glass Distilled H2O

	0
	0
	5 ml

	50 ng/l
	250 ul
	4.750 ml

	125 ng/l
	625 ul
	4.375 ml

	300 ng/l
	1.25 ml
	3.75 ml

	600 ng/l
	3 ml
	2 ml


7.3.2
Refer to Table 2 for the volume of stock solution and glass distilled water required for the preparation of the diazinon calibrators.  Follow the procedure given in Section 7.3.1 (using diazinon stock solution) to make the diazinon D500, D250, D100, D30 and D0 standards. 

Table 2- Diazinon calibrator preparation

	Calibrator
	Stock Solution
	Glass distilled H2O

	0
	0
	5 ml

	30 ng/l
	150 ul
	4.85 ml

	100 ng/l
	500 ul
	4.5 ml

	250 ng/l
	1.25 ml
	3.75 ml

	500 ng/l
	2.5 ml
	2.5 ml


Sample Preparation

Filtering the ambient sample: Each sample will be filtered (unless sample was filtered i through a .2 micron   

glass fiber filter and then transferred to its corresponding scintillation vial. (see Appendix B)          

Transfer the samples from the sample containers to the labeled sample vials.  Make sure to write the new S1, S2, … identification on the chain of custody.  Allow samples to reach room tempature. The vials may be placed  in the 25 degree  waterbath if samples are cold to bring the sample water to ambient temperature.  Leave for approximately 10 minutes.

Sample preparation can also be done as soon as the kit is taken out to be warmed. This would allow them to warm while calibrators are being made.  Because the calibrators are made with glass distilled water already at room temperature, it is not necessary to warm the calibrators. 

7.5
Sample Addition 

7.5.1
Use the 100µl nonadjustable pipette to deliver 100µl of each calibrator and sample into the kit’s wells. All calibrators and ambient samples will have two replicates (two wells), each having 100  µl of sample.
Note:  To avoid cross-contamination, one pipette tip can be used when going up the gradient for the calibrators; however, the tip must be changed when delivering each ambient sample. 

7.6
Addition of Conjugate

Note: conjugate and substrate are made of protein and should not be shaken.

The 12-channel Eppendorf pipette is used to deliver the conjugate to each well.  The conjugate is first poured into a sterile basin prior to delivery.  This is the preferred method.  Alternatively, a repeater pipette may be used to deliver the conjugate to each well individually.  When this is the method used, care must be taken to reduce any chance of cross-contamination.

7.6.2  
For Chlorpyrifos: Use the 12 Channel Eppendorf pipette to deliver 100µl of conjugate to each well.  Prime the pipette tips twice dispensing waste back into basin first before adding 100 µl of conjugate to each sample. Replace disposable pipette tip between additions to strips to eliminate the chance of cross contamination. Put parafilm on top of the wells.  Place the covered wells on an orbital shaker and allow to shake for one hour.  The timer should be set for one hours.  

Diazinon: after the chlorpyrifos samples and standards are on the shakers for 10 minutes, begin the diazinon analysis by transferring the samples and standards into the test wells.  Follow the instructions for chlorpyrifos given above.

THIS IS A GOOD TIME FOR A BREAK, LUNCH, ETC.

Watch the timers to see how long you have left to remove the strips from the shakers.

7.7
Addition of Substrate

7.7.1
After the chlorpyrifos strips are removed from the shaker, the strips would need to be washed to remove the free materials (wash 10 times). Strips will be washed with a .05% Tween-H20 solution.  Wash the strips with the Nunc 12 well washer making sure that the washing tip never comes in contact with the well.  The antibody is coded to the wells and what we are looking for is the bonded material.

Add 100 µl of the substrate using the 12 Channel Eppendorf pipette. Follow the delivery procedure given above for the conjugate.  At this time the lowest concentration, i.e. C0 or DO, will change to a blue color.  Put parafilm on top of the wells on the strip and put the strip on the shaker for 30 minutes.

Repeat this step for diazinon after the diazinon samples and standards are removed from the shaker. 

7.8
Addition of Stop Solution

7.8.1
After the strips are removed from the shaker, using the Eppendorf 12 channel pipette, add  100 µl of stop solution to each chlorpyrifos well.  Be sure to replace the tip after each sample (i.e. every two wells, with the exception of the standards).

Repeat this step for the diazinon analysis after the chlorpyrifos strip has been read by the strip reader.

7.10      Absorbance Readings by the VERSAmax Plate Reader

Press the open drawer button on the VERSAmax reader, next place the ELISA plate in holder inside the drawer. Press the read button on the computer screen and results should be read and calculated in approximately 15 seconds. VERSAmax SOP appended (Appendix A)

After all reading is completed for chlorpyrifos, repeat this process after adding the stop solution to diazinon samples and standards.

7.11
Clean-up and Waste Disposal 

Solvents and waste in beakers can be disposed of in waste containers located under the fume hood. A note of the type and volume of solvent including your initials must be made on the attached clipboard. Contents of waste container will be logged in and disposed of at UC Davis Aquatic Toxicolgy Lab.

All contaminated glassware should be soaked in hot soapy water for 24 hours and then rinsed with DI. 
8.0
QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS

8.1
Initial Demonstration of Capability

The following tests were conducted as part of initial method development. The matrix used for all studies was control  water, distilled water or deionized water. Results for these QC tests appended (Appendix C). The following test should be run for any new matrices.

8.1.1
Method blank study–Analyze two method blanks with each sample delivery group to determine background contamination from this method.  

8.1.2
Precision and Accuracy study–Process three to four mid-level standards through all the sample preparation and analysis steps over at least three days and present:  analyte, spike level, 4 analytical results, average percent recovery, standard deviation of the results, analysts and instruments.  

8.1.5
MDL study--A summary of the results is presented including analyte name, spike concentration, 7 analytical results, average percent recovery, standard deviation of the results, MDL (2.896 times the standard deviation for nine replicates), analysts and instruments..  The calculated MDL must be less than ½ the quantitation limit for the analyte.   

8.1.6
Performance Evaluation sample–analyze a performance evaluation sample or lab quality assurance officer approved substitute and submit the results as raw data to the QA officer.
8.2
Routine Quality Control

8.2.1
Routine quality control procedures associated with this procedure include the analyses of standards, matrix spike samples, laboratory control samples, method blanks, and duplicate or replicate analyses (as specified by the manufacturer). All of the analyses described below must be conducted simultaneously, e.g., as part of the same batch of samples. The batch must include one replicate for each sample and at least two duplicated samples.

8.2.2 
Matrix spike (MS) samples must be analyzed with each batch of samples processed. The matrix spike samples should contain diazinon at concentrations expected to be found in the bulk of the samples, or at the regulatory limit of interest (if sampling is done for regulatory purposes). The sample chosen for spiking should be representative of the field samples being analyzed.

8.2.3
The analyst must evaluate the accuracy of the assay by analyzing a laboratory control sample (LCS) consisting of organic-free reagent water sample spiked with diazinon. The mean recovery (bias) of the assay must be between 80-120%. The manufacturer does not supply a spiking solution for the kit described above.  An appropriate spiking solution must be prepared when performing this test. A LCS must be prepared and analyzed with each batch of samples analyzed.

8.2.4
A method blank, consisting of a volume of “clean” surface water equal to that of a field sample, must be analyzed with each batch of samples processed.  The method blank should not contain any detectable diazinon.  

Other controls may include an uninhibited zero control (antibody only) and/or a no-antibody blank.  

8.2.6
Results from plates which do not meet all criteria (e.g. fall outside linear range of curve or have QC CVs greater than ±20%) must be rejected.
8.3
Sample Dilutions

If the sample concentration is outside of the calibrated range demonstrated by the initial calibration and as specified by the manufacturer, then the sample must be diluted to within the calibration range and re-tested.  The calibration range specified by the manufacturer is based on a B/B0 (sample absorbance divided by absorbance of the zero standard) in the range of 20-80% of B0. Given the nature of the competitive immunoassay, the sample cannot be diluted after color development. Thus, a diluted aliquot of the original sample must be prepared and re-analyzed.

8.3.2
The B/B0 range of 20-80% is more narrow than the simple concentration range of the calibration standards. Therefore, the decision to dilute a sample for re-analysis must be based on an evaluation of the B/B0 value of the sample, and not on a simple comparison of the concentration in the sample and the highest standard in the calibration.

8.4
Validation of Results

8.4.1
Ten percent of all positive samples should be verified by an outside party using Gas Chromatography/Mass Spectroscopy.

8.5
Other Quality Control Considerations

8.5.1
Do not use testing products past their expiration date.

8.5.2
Do not mix the equipment, supplies, and reagents from the testing products for different analytes, or from the testing products from different manufacturers.

8.5.3
Use the testing products within the storage temperature and operating temperature limits specified by the manufacturer.
9.0
DATA VALIDATION

9.1
For any project, the data by this analysis is checked to determine whether it meets the objectives stated for the seven basic elements of data quality: representativeness, completeness, comparability, accuracy, precision, specificity, and detectability.
9.2
Statistical analysis is an integral part of assessing the data quality in terms of the data quality objectives (DQO). Choice of the correct statistical approach is extremely important, because it is the primary means of providing estimates of the reliability of the data.  One important analysis is determination of the coefficient of variation (CV), which can be determined from the components of variance.  This gives a statistical estimate of the variation of means of duplicates for multiple assay runs and helps to determine the precision of the method employed.

9.3
One problem in evaluating the precision of immunoassay experiments is that the experimental error variance may not be constant.  If the relation between the error variance and the true value of standard reference samples is distinct, then that relation can be used to evaluate the precision of the immunoassay.

9.4
For the immunoassay projects, accuracy is evaluated both by analysis of known QA standards (and blind audit samples) and by comparison with the results obtained with a standard analytical comparison method.  Thorough statistical treatment must include an evaluation of the accuracy of the standard method used for comparison.

9.5
For methods such as GC/MS, the accuracy for measurement of any well-known analyte at various concentrations has been established.  As with the immunoassay, the accuracy of the standard method is checked by routine analysis of known standards and blind audit samples. Assay results which do not fall within acceptable limits of error are rejected, and  the samples are assayed again.

9.6
The detection limit is another fundamental element of data uncertainty for analytical methods used for environmental monitoring. The precision of an assay is a function of the sample analyte concentration. The assay is more imprecise (the %CVs are highest) for low concentrations of analyte.  Since the data user often specify maximum allowable false positive and false negative ranges, it is important to characterize the sensitivity and specificity of the assay when analyzing samples near the detection limit, or close to some threshold value or action level.

10.0
HEALTH AND SAFETY

10.1
No extraordinary safety measures are required. However, safety procedures consistent with good laboratory practices should be employed. Some reagents may contain dilute acid solutions.  Avoid contact with eyes, skin, and mucous membranes.  Personal protective equipment including lab coat, safety glasses or goggles, and gloves should be worn at all times.

APPENDIX A:  Versamax SOP

1.0        GENERAL

1.1
Soft max Pro 4.0 is the program used to interpret data from the Versamax plate reader to the computer in a form that allows the technician to make use of the data. The Soft max Pro program is similar to that of Excel in terms of formulas and symbol denotation but has the added complexity of plotting data and pulling results directly from the graph. Soft max is a user-friendly program and can easily be learned. Along with the self-help guide included in the program there are also two user guides that provide the user with additional information.

2.0        START UP

2.1
Double click on the soft max icon. If for any reason the soft max icon does not show up on the desktop the program is located in the C drive; under program files. This will prompt the user ID box followed by the introduction screen. The introduction screen is a generic plate set up and will need to be edited before running the test.

3.0        TEMPLATE PREPARATION

3.1
The first heading under introduction is notes, highlight all text in this box and hit the back space key, this will delete all the info in the box. This area is now used for any experiment information such as, date and time conducted, what the test is for, any problems or variables in the experiment that might of affected the results, kit lot numbers and expiration dates, and any results with high CVs or that should be flagged.

4.0        PROGRAM SETUP

4.1
The next heading is Experiment # with the following sub headings underneath Plate #1, Standards, Controls, Unknown, and Graph #1. Start by clicking on the triangle on the left side of plate #1 this will open up a box with ELISA plate. Along top of the box there are four icons, setup, template, reduction, and display. Start by clicking on setup, this will open up the instrument setting box. This box allows you to set wavelengths, path check, auto mix and blanking, auto calibrate, strips, and auto read by clicking on the name. The wavelength setting needs to be set at 450 and the number of readings set at 1. The path check should be turned off. For auto mix and blanking the before first read box should checked and the secs box set at 5. For autoclalibrate setting the auto calibrate box should be checked. The strips settings should be set to read the whole plate whether you plan to run the whole plate or not. The auto read should be turned off. Before closing the instrument settings box look at the top of the box and make sure that the endpoint icon is selected. The instrument settings box can now be closed.

5.0        PLATE SETUP

5.1
The next step is to open up the template box and configure the template. This box contains and ELISA plate template, the first step is to highlight the well where your calibrators will be. Every set of calibrators must be selected separately so that the program can differentiate between one another. Start by highlighting the wells where the zero calibrators will be, once the wells are highlighted click on the triangle to the right of the word group (located in the upper left corner). This will give you several options, select standard. Once standard is selected the color of the highlighted boxes will change and they will be labeled standard # 1. The next step is to assign the standards a concentration, first go to the box to the right of the word concentration, this is where you will type in the known concentration, in this case you will type in 0 and then hit enter. Continue this process for the rest of the standards. The next step is to set up wells for the MDL, Matrix spike, Filtration sample, and the QLS. The first step is to highlight all the wells that contain the MDL samples. Once highlighted go to the box to the right of the word group and select new this will give you the option to name the sample, name it ​​​(concentration and units) MDL and hit enter. Follow this same procedure for the rest of the QA wells. The last step is to highlight the sample wells, this is done by highlighting like sample wells (this may vary depending on number of replicates) two at a time. Once the well are highlighted go to the box to the right of group and select unknown. Do this for each sample. You are now done in the template box hit OK and changes will be applied.

6.0        READING THE PLATE

6.1
The plate is now ready to be read. Open the drawer on the versamax by selecting the icon under where it says plate on the top of the window. Next place the tray in the drawer and repeat the previous step which will close the drawer. Now press the read icon. After about 20 seconds the numbers will be displayed, save results, record needed info under notes and you are now done.

APPENDIX B:  SOP--Filtering and Cleaning Procedure for ELISA

1.0       FILTERING

1.1
Supplies:

12 clean 125 ml filter flasks

6 clean filter holders:  composed of a top and bottom glass filter assembly, the bottom part has a rubber stopper, teflon O ring to hold filter down, clamp

25 mm glass fiber filters (pore size 1 micron)

Vacuum pump

1.2
Assemble the filter flask, filter and filter holder.  If needed, use the teflon O ring to hold the filter in place and form a seal.  Use the clamp to hold the assemby together.  

1.3
Filter 15 ml of glass distilled water and transfer filtered water to a labelled scintillation vial.  In this case, because glass distilled is clean, you will not need to clean this particular flask before filtering the next sample.  Be sure water is not sucked back into the vacuum pump as this will destroy the machine.  Rinse the Teflon with a small amount of MeOH followed by copious amounts of glass distilled water after each use.

1.4
Filter 15 mls of each of the first six samples.  Use a new flask, filter and filter holder assembly for each sample.  Transfer filtered waters to their respective labelled scintillation vials.

1.5
Clean the filter holders using Cleaning Procedure A described below.  

1.6
Filter 15 mls of each of the six remaining samples.  Use the remaining clean flasks and the newly-cleaned filter holders.  Transfer filtered waters to respective labelled vials.

1.7
Clean all the filter flasks and holders following Cleaning Procedure B below.  The waters are ready for the test when they reach room temperature.  

2.0       CLEANING A

2.1
Please read the UCD-ATL dishwashing protocol.  Know where the safety shower and first aid kits are located.  Wear gloves and goggles when washing any glassware/labware.

2.2
If possible, use a tupperware tub or large vessel to keep the filter holders together.  Wash only the glass parts (i.e. the top and bottom portion of the filter holder;  you do not need to remove the rubber stopper from the bottom portion of the filter holder).

2.3
Soak all asociated parts in warm soapy water for 30 minutes.

2.4
Attach the filters to a flask and rinse with MeOH by using a squirt bottle to clean with a small amount of MeOH.  Use the same flask for doing the MeOH rinse for all filter holders.  Dispose of the MeOH in the hazardous waste container.

2.5
Rinse all filter holders by filtering 30-40 mls of glass distilled through.  The filters are now ready for use.

3.0       CLEANING B

3.1
Follow steps 1 through 4 in Cleaning Procedure A above for cleaning flasks and filter holders.

3.2
Clean all filter holders with MeOH, followed by glass distilled --steps 5 and 6 above.

3.3
Clean all flasks by squirting a small amount of MeOH into each flask and rinsing with copious amounts of glass distilled.

3.4
Turn upside down on clean paper towels to dry.  Store when dry.

APPENDIX C:  Method Development QC Data

	Table 1.  Summary of MDL study conducted for diazinon
	
	

	Sample Description
	Nominal
	Measured
	% RECOVERY
	MDL

	 
	Concentration
	Concentration 
	 
	 

	 
	(μg/L)
	(μg/L)
	 
	 

	MDL .020 μg/LA
	0.020
	0.021
	106
	 

	MDL .020 μg/LA
	0.020
	0.024
	119
	 

	MDL .020 μg/LA
	0.020
	0.021
	103
	 

	MDL .020 μg/LA
	0.020
	0.020
	102
	 

	MDL .020 μg/LA
	0.020
	0.026
	130
	average=

	MDL .020 μg/LB
	0.020
	0.020
	100
	0.020

	MDL .020 μg/LB
	0.020
	0.023
	115
	Standard deviation=

	MDL .020 μg/LB
	0.020
	0.014
	70
	0.006

	MDL .020 μg/LB
	0.020
	0.023
	115
	t= (16, .01)    

	MDL .020 μg/LB
	0.020
	0.022
	110
	2.583

	MDL .020 μg/LB
	0.020
	0.038
	190
	MDL=

	MDL .020 μg/LB
	0.020
	0.018
	90
	0.0158

	MDL .020 μg/LB
	0.020
	0.014
	70
	 

	MDL .020 μg/LB
	0.020
	0.014
	70
	 

	MDL .020 μg/LB
	0.020
	0.013
	65
	 

	MDL .020 μg/LB
	0.020
	0.015
	75
	 

	MDL .020 μg/LB
	0.020
	0.016
	80
	 

	*Does not include CVs greater than 15%
	 
	
	

	Superscript denotes when ELISA was conducted A=2/23/01 B=9/10/01
	 
	
	


	Table 2.  Summary of MDL study conducted for chlorpyrifos.
	

	Sample Description
	Nominal
	Measured
	% RECOVERY
	MDL

	
	Concentration
	Concentration
	
	

	 
	(μg/L)
	(μg/L)
	 
	(μg/L)

	MDL .040 μg/LA
	0.040
	0.050
	124
	 

	MDL .040 μg/LA
	0.040
	0.031
	77
	 

	MDL .040 μg/LA
	0.040
	0.039
	98
	 

	MDL .040 μg/LA
	0.040
	0.035
	88
	 

	MDL .040 μg/LA
	0.040
	0.043
	108
	 

	MDL .040 μg/LA
	0.040
	0.050
	125
	 

	MDL .040 μg/LA
	0.040
	0.046
	116
	average=

	MDL .040 μg/LA
	0.040
	0.045
	112
	0.044

	MDL .040 μg/LA
	0.040
	0.065
	162
	Standard deviation=

	MDL .040 μg/LA
	0.040
	0.056
	140
	0.009

	MDL .040 μg/LB
	0.040
	0.054
	134
	t= (18, .01) 

	MDL .040 μg/LB
	0.040
	0.043
	107
	2.552

	MDL .040 μg/LB
	0.040
	0.048
	119
	MDL=

	MDL .040 μg/LB
	0.040
	0.038
	94
	0.022

	MDL .040 μg/LB
	0.040
	0.053
	132
	 

	MDL .040 μg/LB
	0.040
	0.037
	91
	 

	MDL .040 μg/LB
	0.040
	0.035
	87
	 

	MDL .040 μg/LB
	0.040
	0.034
	86
	 

	MDL .040 μg/LB
	0.040
	0.043
	108
	 

	*Does not include CVs greater than 15%
	
	

	Superscript denotes when ELISA was conducted A=2/23/01  B=8/24/01
	 
	
	

	
	
	
	
	

	Table 3. Summary of precision and accuracy study conducted for diazinon.
	

	Sample Description
	Nominal  
	Measured 
	% RECOVERY
	

	 
	Concentration
	Concentration 
	 
	

	 
	(μg/L)
	(μg/L)
	 
	

	0.030 μg/L Calibrator
	0.030
	0.028
	93
	

	0.100 μg/L Calibrator
	0.100
	0.092
	92
	

	0.250 μg/L Calibrator
	0.250
	0.264
	106
	

	Study was conducted on 2/21/01
	
	
	

	
	
	
	
	


	
	
	
	
	

	Table 4.  Summary of precision and accuracy study conducted for chlorpyrifos.

	Sample Description
	Nominal  
	Measured 
	% RECOVERY
	

	 
	Concentration
	Concentration 
	 
	

	 
	(μg/L)
	(μg/L)
	 
	

	.050 μg/L CalibratorA
	0.050
	0.057
	115
	

	.125 μg/L CalibratorA
	0.125
	0.150
	120
	

	.300 μg/L CalibratorA
	0.250
	0.197
	79
	

	.050 μg/L CalibratorB
	0.030
	0.053
	175
	

	.125 μg/L CalibratorB
	0.100
	0.177
	177
	

	.300 μg/L CalibratorB
	0.250
	0.367
	147
	

	.050 μg/L CalibratorB
	0.050
	0.056
	112
	

	.125 μg/L CalibratorB
	0.125
	0.169
	135
	

	.300 μg/L CalibratorB
	0.300
	0.331
	110
	

	Superscript denotes when ELISA was conducted A=2/22/01  B=2/28/01
	 
	
	

	
	
	 
	
	

	Table 5.  Summary of method blank study conducted for chlorpyrifos.
	

	Sample Description
	Measured 
	

	
	Concentration 
	

	
	(μg/L)
	

	Method Blank # 1:  Deionized water 
	0.028
	

	Method Blank # 2:  Glass distilled water filtered a .2 nylon filter
	0.028
	

	Method Blank # 3:  The chlorpyrifos stock solution of 1ppb is filtered through a .2 micron 
	0.026
	

	nylon filter.  The filtering apparatus then undergoes the cleaning procedure before the filter 
	 
	

	is replaced and glass distilled water is filtered through.  This water is tested is method blank 3.
	 
	

	Method Blank # 4:  Glass distilled water filtered through a .2 micron nylon filter using a disposable plastic syringe
	0.022
	

	Standard 0 Calibrator
	0.006
	

	Study was conducted on 2/21/01
	
	
	

	
	
	
	
	

	Table 6. Summary of method blank study conducted for diazinon.  
	

	Sample Description
	Measured 
	

	
	Concentration 
	

	
	(μg/L)
	

	Method Blank # 2:  Glass distilled water filtered a .2 nylon filter
	0.016
	

	Method Blank # 3:  The diazinon stock solution is filtered through a .2 micron nylon filter.  The filtering apparatus then undergoes the cleaning procedure before the filter is replaced and glass distilled water is filtered through.  This water is tested is method blank 3.
	0.015
	

	Method Blank # 4:  Glass distilled water filtered through a .2 micron nylon filter using a disposable plastic syringe
	0.015
	

	Standard 0 Calibrator
	0.013
	

	Study was conducted on 2/21/01
	
	
	

	
	
	
	
	

	
	
	
	
	

	Table 7.  Summary of filter study-diazinon (conducted to determine the effect of filter type and size on analyte recovery)

	Filter Description:  Pore Size/Type
	Filtration Method
	Nominal Diazinon Concentration
	Measured Concentration  (ng/L)
	% Recovery (Based on Nominal Values)

	.2 µ micron nylon filter
	1
	0.050
	0.039
	79

	.2 µ micron nylon filter
	1
	0.050
	0.045
	90

	.2 µ micron nylon filter
	2
	0.050
	0.044
	88

	.2 µ micron nylon filter
	2
	0.050
	0.063
	126

	.45 µ nylon filter
	1
	0.050
	0.079
	158

	.45 µ nylon filter
	1
	0.050
	0.106
	212

	1µ glass fiber filter
	1
	0.050
	0.05
	99

	1µ glass fiber filter
	1
	0.050
	0.05
	100

	.2 µ nylon filter
	1
	0.500
	0.456
	91

	.2 µ nylon filter
	1
	0.500
	0.456
	91

	.2 µ nylon filter
	2
	0.500
	0.468
	94

	.2 µ nylon filter
	2
	0.500
	0.575
	115

	.45 µ nylon filter
	1
	0.500
	0.455
	91

	.45 µ nylon filter
	1
	0.500
	0.423
	85

	1µ glass fiber filter
	1
	0.500
	0.478
	96

	1µ glass fiber filter
	1
	0.500
	0.490
	98

	Filtration Methods:
	
	
	

	Method 1:  pneumatic pump cleaned with rinses of glass distilled water and methanol between samples (cleaning protocol followed, refer to XXX)

	Method 2:  disposable syringe and disposable filter attachment
	

	Concentrations tested were 50 ng/L and 500 ng/L diazinon spikes; the spike values are 0.029 for .050 µg/L spike C and .268 (at 100%= .536) for the .500 µg/L spike @50% C    

	No reported values have % CVs exceeding 10%.  Highlighted cells are values exceeding the lower or upper limits of the linear range for that particular ELISA run.

	Study was conducted on 2/23/01
	
	
	


	
	
	
	
	

	Table 8.  Filter study -chlorpyrifos
	 
	 
	 

	Filter Description:  Pore Size/Type
	Filtration Method
	Nominal Diazinon Concentration
	Measured Concentration  (ng/L)
	% Recovery (Based on Nominal Values)

	.2 µ nylon filter
	1
	.050 μg/L 
	0.022
	44

	.2 µ nylon filter
	1
	.050 μg/L 
	0.018
	37

	.2 µ nylon filter
	2
	.050 μg/L 
	0.013
	25

	.2 µ nylon filter
	2
	.050 μg/L 
	0.01
	20

	.45 µ nylon filter
	1
	.050 μg/L 
	.034 (13%)
	69

	.45 µ nylon filter
	1
	.050 μg/L 
	0.026
	53

	1µ nylon filter   
	1
	.050 μg/L 
	0.042
	83

	1µ nylon filter   
	1
	.050 μg/L 
	0.041
	82

	.2 µ nylon filter
	1
	.500 μg/L 
	0.147
	29

	.2 µ nylon filter
	1
	.500 μg/L 
	0.156
	31

	.2 µ nylon filter
	2
	.500 μg/L 
	0.013
	3

	.2 µ nylon filter
	2
	.500 μg/L 
	0.012
	2

	.45 µ nylon filter
	1
	.500 μg/L 
	0.267
	53

	.45 µ nylon filter
	1
	.500 μg/L 
	.248 (17%)
	50

	1µ  glass fiber filter
	1
	.500 μg/L 
	0.479
	96

	1µ glass fiber filter 
	1
	.500 μg/L 
	0.415
	83

	In bold are values that had %CVs exceeding 10%.  The CV is noted parenthetically.

	Filtration Methods:
	
	
	

	 Method 1:  pneumatic pump cleaned with rinses of glass distilled water and methanol between samples (cleaning protocol followed)

	Method 2:  disposable syringe and disposable filter attachment
	

	Concentrations tested were 50 ng/L and 500 ng/L chlorpyrifos spikes.  
	

	Highlighted cells are values exceeding the lower or upper limits of the linear range for that particular ELISA run.

	Study was conducted on 2/23/01
	
	
	

	
	
	
	
	

	Table 9.  Summary of results of 50 and 500 pptrillion chlorpyrifos spike
	

	Nominal Spike Concentration (ng/L)
	Measured Concentration  (ng/L)
	Notes
	
	

	50 ppt@100% 
	60
	 
	
	

	500ppt@50% 
	223
	 100%: .446 ppb
	
	

	In bold are values that had %CVs exceeding 10%.  The CV is noted parenthetically.

	Highlighted cells are values exceeding the lower or upper limits of the linear range for that particular ELISA run.

	Study was conducted on 2/23/01
	
	
	

	
	
	
	
	


	
	
	
	
	

	
	
	
	
	

	Table 10.  Summary of results of diazinon evaluation sample.  The the evaluation sample was made by the laboratory QA officer using ChemService………

	Sample Description
	Nominal  
	Measured 
	% RECOVERY
	

	 
	Concentration
	Concentration 
	 
	

	 
	(μg/L)
	(μg/L)
	 
	

	Diazinon Evaluation Sample
	0.250
	0.253
	101%
	

	* ELISA was conducted on 2/21/01
	
	
	

	
	
	
	
	

	Table 11.  Summary of results of Chlorpyrifos evaluation sample.  The the evaluation sample was made by the laboratory QA officer using ChemService………

	Sample Description
	Nominal  
	Measured 
	% RECOVERY
	

	 
	Concentration
	Concentration 
	 
	

	 
	(μg/L)
	(μg/L)
	 
	

	Chlorpyrifos  Evaluation Sample
	0.200
	0.202
	101%
	

	* ELISA was conducted on 2/28/01
	
	
	

	
	
	
	
	


APPENDIX D:  Sample Summary sheet
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