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I. The Screening Process

A. Importance of the Screening Process
Screening (lot testing) is a critical part of evaluating metals in biological matrices.  Using untested containers or collection devices to collect, store, or analyze patient samples may result in false high analytical values caused by contamination in the containers or devices.  Metal contamination in most commercial collection devices (e.g., Vacutainers for blood collection) is usually from materials used to make the collection device (glass, stainless steel, rubber, or plastic) or anticoagulants contained in them  (EDTA is a particularly common source).  Conditions of the manufacturing processes involved in producing commercial devices can differ with each batch (lot) of materials produced.  Therefore, the amount of contamination that enters the devices being manufactured can differ also.  Consequently, screening these devices each time a new lot of materials is manufactured is necessary. 
B. Tailoring the Screening Process  
To ensure accurate analytical results that are not falsely elevated by contamination, a screening program should be established to evaluate the levels of metals in all collection devices. One reasonably easy way to do this is purchase containers and devices for which the manufacturer screens and certifies the metal content.  Some products that have been certified for specific metals content are available. For example, the Becton Dickinson blood-collection 5 mL Vacutainer (BD catalog # 367734) with sodium heparin anticoagulant, which has a specified maximum lead content, is available. Becton Dickinson also manufactures disposable plastic syringes (catalog #9589 3 mL) for blood-lead investigators who prefer syringes for blood collection.  However, supplies of screened stainless steel needles for venipuncture are not readily available.  These devices and any skin-cleaning devices or solvents (e.g., isopropyl alcohol, towelettes) used in connection with blood collection would need to be evaluated for lead content also. If the laboratory intends to analyze for metals other than lead, choices of products with certified content for all analytes of interest are limited at best and become increasingly difficult to find as the suite of metals intended for analysis expands. For this reason, a laboratory that conducts elemental biomonitoring should establish a screening program tailored to its specific needs.
C. Requirements of the Laboratory for Screening Program Implementation
1. The laboratory must be capable of measuring low concentrations of the elements of interest in aqueous solutions.  
2. A "clean" environment must be available, preferably a laminar flow Class 100 hood (or more rigorous).
3. The analyst should ensure that their techniques are precise and maintain the reliability of the container. The final measurement results should represent only the container being tested and not lead contamination from the analyst (or their technique).
4. A system for tracking laboratory device use and testing is important to realize the full benefit of a screening program, whether paper or electronic.  Electronic data storage has many advantages, including automated calculations and tracking of screening results from multiple methods in a central location.
II. Overview of the Lot Testing Process

A. Obtain a batch of the devices that were manufactured at the same time (all having the same lot number) to be tested.  Fifty devices can be tested at one time.  Suggest ordering 2-4 times this amount initially to allow for multiple setups (for multiple methods using different chemicals) and retesting (in the event of outliers in initial testing) without re-ordering.
B. Compare the concentration of a screening solution before and after contact with the device.  Any increase in concentration of the screening solution should be attributed to contamination.

C. Calculate the acceptable amount of contamination in the device based on the acceptable effect of contamination on the analysis result.

D. Do not use the device if the amount of contamination is greater than the acceptable amount calculated.

III.   Materials and Instrumentation

A. Use only water >18 Mohm∙cm-1 produced from water purification units such as the NANOpure DIamond Ultrapure Water System (Barnstead, Dubuque, IA) or the Element (Millipore, Billerica, MA).

B. Use ultra trace metal-grade concentrated (68%-70%) nitric acid, such as the Veritas double-distilled nitric acid (item #621) from GFS Chemicals, Powell, OH.

C. Use ultra trace metal-grade concentrated (30%-35%) nitric acid, such as the Veritas double-distilled hydrochloric acid (item #2185) from GFS Chemicals, Powell, OH.
D. Use tetramethylammonium hydroxide (TMAH), 25% solution in water (item #73052 or #73053) from GFS Chemicals, Powell, OH. 
E. Use only polypropylene or polymethylpentene flasks or beakers.

F. Use Micromedic Digiflex-CX Automatic™ pipette (Titertek, Huntsville, AL).

G. Use Inductively Coupled Plasma-Mass Spectrometer ELAN® DRC II ICPMS (PerkinElmer, Norwalk, CT). 
H. Use polypropylene sample tubes. 15 mL or 50 mL blue-top, conical-bottom centrifuge tubes (Falcon tubes) manufactured by Becton Dickinson (models 352097 or 352098, respectively).
IV. Definitions

A. “Acid washed” means the container should be triple rinsed with 1% v/v HNO3, followed by triple rinsing with >18 M-ohm∙cm-1 water.

B. “Prescreened” means a device that has passed the lot testing (screening) and, therefore, should be free of significant contamination.

V. Setup Procedures
Many devices should be set up 24 hours before analysis; some devices can be set up and analyzed on the same day.  See specific container type for detailed instructions.  
NOTE:  Perform work in the cleanest environment possible to avoid external contamination (inside a Class 100 laminar flow).  Ensure that the final measurement will represent only the container being tested and not lead contamination from the analyst or their technique).

A. Preparing Screening Solution 
This solution is used to leach any contamination in the device being tested into solution to be tested.  Section V.b describes the setup procedures for devices regardless of the type of screening solution used.  
The following sections list which screening solution to use for each CDC method and how to prepare each.  
1. 1% v/v HCl

V. Use 1% v/v HCl as the screening solvent for the following methods:
V. Blood lead, cadmium, mercury by ICPMS (method code ITB001A)

V. Blood mercury by FIMS (method code ITB003A)

V. Serum copper and zinc by ICPDRCMS (method code ITS001A)

V. Urine mercury by FIMS (method code ITU005A)
V. Urine iodine and mercury by ICPMS (method code ITU007B)

V. To prepare 1 L of 1% v/v HCl:
V. Fill a pre-acid washed 1 L bottle/flask with approximately 500 mL of 18 Mohm∙cm-1 water;
V. Add 10 (25mL would make 2.5%) mL of concentrated HCl;
V. Fill bottle/flask to one 1 L volume (amounts do not need to be exact); and
V. Verify solution is clean (contains only insignificant background levels of the elements of interest) by pouring a few milliliters into an analysis tube and analyzing the solution with the method that would be used on patient specimens.  Compare these results with results from analysis of >18 Mohm∙cm-1 water.  If the prepared screening solution is significantly contaminated, discard and prepare new solution.
V. 1% v/v HNO3
V. Use 1% v/v HNO3 as the screening solvent for the following methods:
V. Blood lead cadmium SIMMA GFAAS (method code ITB002A)
V. Serum manganese ICPDRCMS (method code ITS003A)

V. Serum selenium ICPDRCMS (method code ITS002A)

V. Urine Arsenic ICPDRCMS (method code ITU002A)

V. Urine Multi-element ICPDRCMS (method code ITU001A)
V. Urine Beryllium, Chromium, Nickel, Platinum (method code ITU0006A)
V. To prepare 1 L of 1% v/v HNO3:
V. Fill a pre-acid washed 1 L bottle/flask with about 500 mL of >18 Mohm∙cm-1 water;
V. Add 10 mL of concentrated HNO3;
V. Fill the bottle/flask to 1 L volume (amounts do not need to be exact); and
V. Verify solution is clean (contains insignificant background levels of the elements of interest) by pouring a few milliliters into an analysis tube and analyzing the solution with the method that would be used on patient specimens.  Compare these results with results from analysis of >18 Mohm∙cm-1 water.  If the prepared screening solution is significantly contaminated, discard and prepare new solution.
V. 2% v/v HNO3
V. Use 2% v/v HNO3 as the screening solvent for the Urine Uranium 235/238, Thorium method.
V. To prepare 1 L of 2% v/v HNO3:
V. Fill a pre-acid washed 1-L bottle/flask with about 500 mL of >18 Mohm∙cm-1 water;
V. Add 20 mL of concentrated HNO3;
V. Fill the bottle/flask to 1 L volume (amounts do not need to be exact);and
V. Verify solution is clean (contains insignificant background levels of the elements of interest) by pouring a few milliliters into an analysis tube and analyzing the solution with the method that would be used on patient specimens.  Compare these results with results from analysis of >18 Mohm∙cm-1 water.  If the prepared screening solution is significantly contaminated, discard and prepare new solution. 
V. 1% v/v TMAH

V. Use 1% v/v TMAH as a screening solvent for the Urine Mercury and Iodine method. 

V. To prepare 1 L of 1% v/v TMAH:

V. Fill a pre-acid washed 1-L bottle/flask with about 500 mL of >18 Mohm∙cm-1 water;
V. Add 10 mL of stock TMAH, 25% in water;
V. Fill the bottle/flask to 1 L volume (amounts do not need to be exact); and
V. Verify solution is clean (contains insignificant background levels of the elements of interest) by pouring a few milliliters into an analysis tube and analyzing the solution with the method that would be used on patient specimens.  Compare these results with results from analysis of >18 Mohm∙cm-1 water.  If the prepared screening solution is significantly contaminated, discard and prepare new solution. 
V. Setup of devices to be tested  

The procedures described in this section are not specific for any particular element.  See Section V.a to determine what screening solution should be used for any particular method.  Otherwise, the procedures described below are generic to all of the different CDC methods.  Alternate procedures are described in some setup descriptions, so read all setup directions before beginning.
NOTE: Perform all operations carefully and in an area as contaminant-free (metal free) as practical, otherwise the environmental contamination will be measured along with any metal in the collection containers/devices!
V. Vacutainer Tubes Setup 
Filling the Vacutainers
a. Method #1 for filling Vacutainers:
1) Fill an acid-washed disposable beaker/bottle (500 mL or larger depending on the size of the Vacutainer tubes) with clean screening solution;
2) Label 50 Vacutainer tubes from 1 to 50;
3) Label one prescreened sample tube (i.e., 15 mL polypropylene centrifuge tube) as “screen blank”;
4) Submerge the Luer adapter of a prescreened butterfly needle in the screening solution; and
5) Insert the needle through the top of each Vacutainer tube, allowing the vacuum to draw the appropriate volume (remove needle when flow stops and insert it into the next Vacutainer).
b. Method #2 for filling Vacutainers:
1) Open each Vacutainer and add an aliquot of the screening solvent using either a pipette with one lead-free tip attached or a lead-free autodispenser.  The volume of the screening solvent added should not exceed the designated evacuated volume of the vial;
2) Fill the screen blank tube with the appropriate amount of screening solution poured directly from the beaker (should correspond approximately with the volume in the Vacutainer tubes);
3) Leave even numbered tubes upright;
4) Turn odd numbered tubes upside down; and
5) Leave the solution in the tubes for approximately 24 hours (overnight) before analyzing.  See Section VII for details on analysis procedures.
V. Microvette Collection Vials Setup
(Microvettes or capillary blood-collection tubes)                                                                                      
V. Fill an acid-washed, wide-mouth bottle (100 mL) or disposable beaker with clean screening solution.
V. Label 50 Microvettes from 1 to 50.
V. Rinse the tip of a pipette with 1% v/v HNO3.

V. Draw screening solution from the bottle/beaker into the pipette equal to the designated volume of the vial (the volume of the solution in the pipette tip should not exceed the designated volume of the vial).

V. Hold the Microvette in a horizontal position (same as for actual blood collection) and touch the tip of the plastic capillary to the tip of the pipette.  This will allow the screening solution to flow through the capillary into the tube.
V. Remove the capillary with the holder and close the tube with the attached cap.
V. Rinse pipette tip with 1% HNO3 between each microvette.  If the used tip is discarded between each sample, the new tip still must be rinsed before pipetting the next sample.
V. Leave even numbered tubes upright.
V. Turn odd numbered tubes upside down.
V. Allow screening solution to remain in all tubes for 24 hours (overnight) before analyzing.
V. Use the remaining solution in the wide-mouth bottle as the screen blank.  If using a disposable beaker, cover the top of the bottle (i.e., a new piece of Parafilm) overnight to avoid contamination or evaporation.  Alternatively put some of the solution into a prescreened sample tube (i.e., 15 mL polypropylene centrifuge tube).

V. See Section VII for details on analysis procedures.
V. Sample Tubes (≤15 mL Volume) / Cryovials Setup
V. Fill an acid-washed 500 mL wash bottle with clean screening solution.
V. Label 50 sample tubes/cryovials from 1 to 50.
V. Fill each tube with approximately 1 mL of screening solution from the wash bottle.  When filling the tubes or cryovials, remove the cap only long enough to add the screening solvent.  If the cap is placed on the working surface, it must be placed on a clean paper towel.  Add solution and recap each tube/cryovial as it is filled.
Alternate filling method:
1) Use an acid-washed, disposable beaker for the screening solution.
2) Use a 1 mL pipette (rinse tip between each sample) to draw the screening solution and dispense into each tube.
A larger volume of screening solution can be used if the solutions must be shared for multiple analysis methods or if repeats are anticipated.  
Note: A larger volume of screening solution makes the screening criteria more stringent.

V. Leave even numbered tubes upright.
V. Turn odd numbered tubes upside down.
V. Label one prescreened sample tube (i.e., 15 mL polypropylene centrifuge tube) as screening blank and fill with approximately 1 mL of screening solution from the wash bottle.
V. Allow screening solution to remain in all tubes/cryovials for 24 hours (overnight) before analyzing.  See Section VII for details on analysis procedures.
V. Gauze pads/Alcohol Prep Pads Setup
Gauze and alcohol prep pads used to prepare skin for a finger-stick sample collection should be screened.  Gauze or alcohol pads used to prepare skin for venipuncture blood collection are not screened.
V. Label 50 prescreened sample tubes (i.e., 15 mL polypropylene centrifuge tubes) from 1 to 50.
V. Label one sample tube as screen blank.
V. Adding screening solvent:
V. For gauze pads, fill each tube (including the screen blank) with 5 mL of screening solution.
V. For alcohol prep pads, fill each tube (including the screen blank) with 3 mL of screening solution.  Alcohol prep pads are already wet and do not require as much screening solution.
V. Rinse Teflon-coated tweezers with 1% v/v HNO3 and >18 Mohm∙cm-1 water.
V. Dip the tweezers into the screening solution (in the tube labeled as the screen blank) for about 10 seconds.
V. Open each pad package and, using the Teflon tweezers, remove the pad and push it into the screening solution in the prepared sample tube.
V. Rinse the tweezers between each pad with 1% v/v HNO3 and >18 Mohm∙cm-1 water.
V. Allow the pads to soak for a minimum of 5 minutes, but no more than 15 minutes, in the screening solution before analyzing.  See Section VII for details on analysis procedures.
V. Syringes/Transfer Pipettes Setup
V. Fill an acid-washed, disposable beaker (500 mL) with clean screening solution.
V. Label 50 sample tubes (i.e., 15 mL polypropylene centrifuge tubes) from 1 to 50.
V. Label one sample tube as screen blank.
V. For syringes:
V. Remove a syringe from the package and draw up 1 mL of screening solution.  

V. Pull the plunger all the way back and swirl the solution around inside the syringe.  (If 1 mL is not enough to coat all internal surfaces when swirling, increase the volume 1 mL at a time until the amount is sufficient.  Using the minimum volume possible will increase the ability to measure any trace contaminants.)
V. For transfer pipettes:
V. Remove a transfer pipette from the package, and draw 1 mL of screening solution from the beaker.
V. Turn the pipette tip up and shake it gently so the screening solution coats the inside of the bulb.
A larger volume of screening solution can be used if the solution is to be share for multiple analysis methods or if repeats are anticipated.  
Note:  A larger volume of screening solution makes the screening criteria more stringent.

V. Dispense the solution into the appropriate pre-labeled sample tube.
V. Fill the tube labeled as the screen blank with the appropriate amount of screening solution poured directly from the beaker.
V. See Section VII for details on analysis procedures.
V. Needles (includes butterfly needles, Vacutainer needles, Luer adapters, Blood Collection Sets) Setup
	Butterfly needles


Example:  
BD (www.bd.com) model 368637 
	Vacutainer needles
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Examples: BD (www.bd.com) model 368607 (left)

                  BD (www.bd.com) model 367214 (right)


	Luer adapters
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Example:  
BD (www.bd.com) model 364902
	Blood Collection Sets
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Examples: BD (www.bd.com) model 367251 (left)

                  BD (www.bd.com) model 368653 (right)



NOTE:  Many of these items have videos on the manufacturer’s Web site to help you understand how they fit together to work.  The model number may be found also on the manufacturer’s Web site.
V. Fill an acid-washed, disposable beaker (500 mL) with clean screening solution.
V. Label 50 pre-screened Vacutainer tubes (be sure the tubes passed for all analytes) 1-50 and one separate Vacutainer tube as screen blank.
V. Uncap the screen blank Vacutainer tube and pour the aliquot of screening solution into the Vacutainer not exceeding the specified amount the Vacutainer will hold.  Replace cap on Vacutainer and put it aside until sample preparation for analysis.

V. Carefully open each needle/Luer adapter package and remove the item.
V. Insert the end of the needle designed to draw a patient’s blood into the screening solution so that only the metal needle is in the solution.

V. Puncture the septum of a lot-screened Vacutainer with the end of the needle encased in rubber that is designed to be inserted into a Vacutainer.

The Vacutainer tube will fill to the specified volume due to the vacuum inside.  When the tube is full, remove the Vacutainer tube from the needle and place in a rack.  There is no need to invert half of the Vacutainers.
V. Place all needles into a sharps container for disposal.

V. See Section VII for details on analysis procedures.
V. Collection Cups Setup

V. Label 50 collection cups from 1 to 50.

V. Pipette 10 mL of clean screening solution into each cup.  Acid rinse the pipette tip before use.  Also acid rinse the pipette tip between cups if the tip touches a cup.  When filling the cups, remove the cap only long enough to add the screening solution.

V. Leave even numbered cups upright.

V. Turn odd numbered cups upside down.

V. Label one pre-screened sample tube (i.e., 15 mL polypropylene centrifuge tube) as screen blank and pipette 10 mL of screening solution into it.
V. Allow screening solution to remain in all cups for 24 hours (overnight) before analyzing.  See Section VII for details on analysis procedures.
V. [image: image7.png]


Serum Separator Filter Setup

V. Label 50 pre-screened Vacutainers (plain red-top) from 1 to 50.

V. Add approximately 5 mL of clean screening solution to each Vacutainer by pipetting or pouring the solution. 
V. Push one serum separator filter into each Vacutainer, allowing as much of the 5 mL of screening solution to flow through the filter as possible.

V. Allow solution to remain in the tube for 10 min–2 hours.  Solution will be pipetted directly from the serum separator tube for analysis.

V. Label one prescreened Vacutainer (plain red-top) as screen blank, and aliquot 5 mL of screening solution into it.

V. See Section VII for details on analysis procedures.
V. Lancets (Sterile Finger Incision Devices, Tenderletts)

V. Label fifty 1-2 mL autosampler cups from 1 to 50. 
V. Pipette 200–250 µL of clean screening solution into each autosampler cup (the average volume of a capillary blood collection).

V. Remove a lancet from its package.

V. Depress the trigger on the device.  The blade will protract and then automatically retract.

V. Separate the halves of the device to expose the blade and trigger spring.

V. Carefully tilt the autosampler cup to allow the screening solution to fill the cup close to the top.

V. Touch the tip of the blade into the screening solution.

V. Hold the tip in the solution for 10 seconds.

V. Dispose of the blade into a sharps container.

V. Repeat this process for 50 lancets.

V. See Section VII for details on analysis procedures.
VI. Calculation of Maximum Allowable Levels of Contribution from Devices

Calculating the maximum allowable levels of contribution from devices before analysis permits the analyst to determine what should be repeated at analysis.  (See Section VIII for more details on repeating analyses of outliers.)  

Use the formula below to calculate the maximum allowable contribution from a device.  The MS Excel Lot Screening Worksheet will calculate this maximum contribution once the necessary preliminary data have been entered.   Data should be entered before the analysis run.
When the calculated maximum allowable contribution is less than the limit of detection (LOD) of the method (use the LOD of the method when running biological samples), the maximum allowable contribution is automatically set to 1.5x the LOD of the method. 
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where:
VI. ExpPopMean:  The expected mean concentration in µg/L of the analyte of interest in the population to be studied.

Reference values for specific populations and specific inorganic analytes are often difficult to find.  Some excellent resources for determining these are CDC’s National Exposure Reports (http://www.cdc.gov/exposurereport/), Tietz Textbook of Clinical Chemistry [1], and Toxicology and Biological Monitoring of Metals in Humans [2].

Note:  By using a particular expected mean concentration in this formula, the calculation specifically answers the question of the applicability of this device for use with this type of biological matrix (other biological matrices will have a different expected mean) and possibly for use with only this population of participants (expected population mean could differ significantly for different populations).  

VI. Max%Contrib: The maximum percent contribution to the final analysis result from the device being tested.

This parameter is set as 10% by default because the expected mean concentrations for the analytes of interest to this laboratory usually are low (often <1 µg/L) and frequently are close to the LOD for the method.  This may need to be considered individually for each analyte of interest.  To create more stringent criteria for analytes found at higher concentrations, use a smaller value (i.e., 5%). 

VI. VolSampleInDevice = Volume of patient specimen that will contact the device being tested.

Because the volume that should be used for certain devices may not be obvious, following are suggestions to standardize the assignment.

VI. Vacutainers, Micro-Collection Vials, Sample Tubes, and Cryovials:  Use full volume of collection device.

VI. Gauze and Alcohol Prep Pads (for capillary blood collection):  Use volume of blood expected to be collected in the capillary blood collection procedure.  If multiple volumes may be collected, use the smallest volume to get the most conservative estimate of effect of contribution by the device.

VI. Syringes and Transfer Pipettes:  Because syringes and transfer pipettes may be used for a wide variety of volumes up to their full volume (e.g., a 10 mL syringe may be used for transferring a 5 mL volume), use half of the full volume of the syringe or transfer pipette for a conservative estimate of the contribution from the device.

VI. Needles and Luer Adapters:  Use the full volume of the smallest Vacutainer that would be used in standard blood collection protocol.  

VI. Collection Cups:  Because collection volumes vary, use half of the volume of the cup tested to give a conservative estimate of effect of contribution by the device.

VI. Serum Separator Filter: Use the full volume of the Vacutainer with which the separator filter will be used.
VI. Lancets: Use the full volume of the capillary collection device being filled at sample collection (usually ~200 µL).
Note:  By entering a particular volume of sample that this device will contact, this calculation is made specific to the intended application.  Example:  A 15 mL sample tube is lot screened for use in storing approximately 10 mL of urine to be held for lead analysis.  The lot passes the screening process for this application.  This does not mean that the tube can be used for any part of the lead urine analysis process.  One part of this process uses the same type of tube but adds only 0.5 mL of urine during the dilution process before analysis.  Because only 0.5 mL of patient urine contacts the tube, the maximum allowable contribution for that application is 20 times less on the basis of volume differences alone.
VI. VolumeScreeningSolution = Volume of screening solution used in testing each device.

This is the volume of screening solution introduced to each device by the analyst in the screening process.  

VII. Analysis of Screening Solution
VII. The least complicated way to analyze the screening solution from a lot screening setup is to use the same procedures as for real patient specimens, with three exceptions:

VII. Add water, not biologicals, to calibrators or QC.  If your method matrix-matches the working calibrators or QC by adding a base urine or blood material, add the same volume of >18 Mohm∙cm-1 water instead of the base urine or blood in the sample preparation steps.  
For the blood-lead and cadmium method by SIMMA GFAAS (method code ITB002A), add 1% v/v HNO3 instead of plain >18 Mohm∙cm-1 water. 
VII. Use aqueous QC materials, not biological QC materials.  The sensitivities of many analytes are different in a water matrix than in a biological matrix.  As a result, the characterization mean and limits determined using matrix-matched calibrators may not be appropriate when using a calibration curve with an aqueous matrix.  
As a replacement for biological matrix QC materials, use aqueous standard reference material from the National Institute for Standards and Technology (i.e., NIST SRM 1643D) as the QC pool(s) when possible.  When no appropriate aqueous standard reference material is available from NIST, dilution of an aqueous standard (a NIST-traceable material) as a QC material is acceptable.  The aqueous standard used for preparing any QC material should be from a different source than the aqueous standards used for preparing the calibrators for the quantitative analysis.  Also, the QC material should be analyzed both at the beginning and the end of the analysis run as a check for drift within the run.

VII. Subtract the observed concentration results of the screening blank from the screening solution results.  This can be accomplished either within the instrument software at analysis or post-analysis (within the instrument software, with some other software application, or by hand calculation).  

VII. Analytical techniques vary for modifying their routine analysis to analyze lot-screening solutions.  See examples in Tables 1-2.
	Table.  Example #1 (differences in italicized red) 

Method: Urine Multi-Element by ICP-DRC-MS (ITU001A)

(Diluent = 2% v/v HNO3 + internal stds)


	
	Typical Urine Analysis
	Analysis of Screening Solutions

	Preparation

of Calibrator Blank

	100 µL   water

900 µL   base urine

9000 µL diluent 
	100 µL   water

900 µL   water
9000 µL diluent 

	Preparation

of Calibrators
	100 µL   calibrator

900 µL   base urine

9000 µL diluent 
	100 µL   calibrator

900 µL   water
9000 µL diluent 

	Quality Control Pools
	500 µL   urine bench QC
4500 µL  diluent
	500 µL   NIST SRM 1643D
              (aqueous material)
4500 µL  diluent

	Patient Samples
	500 µL    patient urine

4500 µL  diluent
	500 µL    screening solution
4500 µL  diluent


	Table.  Example #2 (differences in italicized red) 

Method: Urine (or Blood) Mercury and Iodine by ICP-MS (ITB001A)

(Diluent =1% v/v tetramethylammonium hydroxide, and 5 µg/L internal standards)


	
	Typical Blood Analysis
	Analysis of Screening Solutions

	Calibrator Blank
	    50 µL     “S0”

    50 µL     base blood

2400 µL     diluent 
	  100 µL    “S0”
2400 µL    diluent

	Calibrators
(i.e. S1, S2, S3, or S4)
	    50 µL     calibrator 

    50 µL     base blood

2400 µL     diluent 
	  100 µL     calibrator


2400 µL     diluent

	Quality Control Pools 

(for I)
	    50 µL      water

    50 µL      blood bench QC


2400 µL      diluent
	  100 µL    NIST SRM 1643D
                 (not certified for Hg)
2400 µL    diluent

	Quality Control Pools 

(for Hg)
	    50 µL      water

    50 µL      blood bench QC

2400 µL      diluent
	 100 µL    aqueous Hg standard

2400µL    diluent

	Patient Sample Blank
	  100 µL      water

2400 µL      diluent
	NONE   (Use Calibrator Blank)

	Patient Samples
	    50 µL      water

    50 µL     patient blood  
                  sample

2400 µL     diluent
	  100 µL   screening solution

2400 µL   diluent


VIII. Interpreting Screening Results

VIII. Quality Control:  If characterization limits have not been calculated for the aqueous QC materials using this method, criteria for acceptance of QC results should be determined before the analytical run is performed (typically acceptance criteria are approximately +/- 10% of target concentration).

VIII. Assigning “PASS” or “FAIL” to Lot Screening

VIII. Applicability of Results:  “PASS” or “FAIL” status of a batch of devices tested using the procedures presented here applies only to:
VIII. The specific lot number of devices being tested.

VIII. The specific analytes being tested.

VIII. The specific matrix and population for which use of the device is planned (see Section VI.A for details).

VIII. The specific application (i.e., volume of matrix) for which these devices are being planned (see Section VI.C for details).

VIII. PASS:  A batch (lot number) of devices PASSES the screening test if:
VIII. All devices tested have concentrations lower than the maximum allowable contribution.

VIII. Any initial observations of devices more than the maximum allowable contribution resulted from external contamination introduced in the screening process are demonstrated.  Acceptability of evidence is decided by the laboratory manager.
VIII. Values Above the Maximum Allowable Contribution 
(calculation in Section VI) 
Following this strategy will confirm values above the maximum allowable contribution.  The analyst should conduct Steps 1 and 2 as follows without the need for action by the supervisor.
VIII. Checking for measurement abnormality:  Immediately reanalyze the same sample preparation of the screening solution sample in question.

VIII. DOES NOT CONFIRM ELEVATED RESULT
If the elevated result is not confirmed (significantly below the maximum allowable contribution) and no other elevated samples remain, the lot passes for this analyte.  The problem was some abnormality in the original analysis of the screening solution (examine the original analysis printout).
VIII. CONFIRMS ELEVATED RESULT
If the elevated result is confirmed (above the level of maximum allowable contribution), proceed to Section VIII.3.b as follows.
VIII. Checking for external contamination from the sample preparation process:  Immediately prepare and analyze again the screening solution sample in question. This should be a completely new preparation of the screening solution sample into a new, clean (acid-wash if desired) sample tube for analysis.
VIII. DOES NOT CONFIRM ELEVATED RESULT
If the elevated result is not confirmed (significantly below the maximum allowable contribution) and no other elevated samples remain, the lot passes for this analyte.  The problem was external contamination introduced either in preparing the sample for analysis or by the container(s) used to prepare the sample for analysis.
VIII. CONFIRMS ELEVATED RESULT
If the elevated result is confirmed (above the maximum allowable contribution), consult the supervisor before proceeding to Section VIII.c as follows.  The next step of the process requires preparing another set of devices from the same lot number for screening.  If other analysts have found this lot to fail for other analytes, ordering a different lot of devices to test may be better than spending more time on this lot.  

VIII. Checking for external contamination from the lot screen setup process:  At the supervisor’s discretion (see note on Section VIII.b.2), repeat the lot screen setup of this lot of devices with another set of 50 devices.  The supervisor will determine whether to repeat the setup process based on the number of devices that fail the initial test and the amount by which they were over the maximum allowable contribution.  
If the setup is repeated, every effort should be made to prevent external contamination.  This may include working in the cleanest environment available such as class 100 or more stringent laminar flow hoods (If extra cleaning is done to the work environment, allow the “dust to settle” overnight before setting up the new devices) or using only acid-washed containers in sample preparation.
VIII. DOES NOT CONFIRM ELEVATED RESULT(s)
VIII. If the original problem presented as one or two elevated results, but no current elevated results are observed, the original elevated results could have been caused by either contamination within the devices being tested or by external contamination introduced in the lot screen setup itself.  The supervisor will determine the source of the original elevated results and whether the lot passes.
VIII. If the original problem presented as a significant number of elevated results, but no current elevated results are observed, the problem most likely resulted from external contamination introduced in the lot screen setup.  Inform the supervisor of the findings so that steps can be taken in the future not to set up devices in a like manner, causing a large number of elevated results.

VIII. CONFIRMS ELEVATED RESULT(s)
If the new setup of devices from this lot also confirms elevated results, the data must be submitted to the supervisor to determine whether the data warrant failing the lot and ordering a new lot number or a different device altogether.  Typically, if the initial lot screen resulted in a significant confirmed failure of at least one device that was repeated in the second test of 50 devices, the lot will be assigned a FAIL status.
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Appendix A - Sequential Lot Testing: Statistical Basis for 50 Testing Units
Reference: Johnson WD, editor. Biostatistics. New York: Reinhold Publishing Corporation; 1966.
STEP 1 - Define a defective tube. For example, a tube contaminated with lead at a concentration of 0.125 µg/dL, ~2.5% of the expected mean value of ~5 µg/dL for blood lead, is considered defective.

STEP 2 - Define an acceptable lot. This should be the percentage of unacceptable tubes in a lot. For example, an acceptable lot would contain no more than 1% defective tubes. The degree of statistical confidence that this definition is expected to hold, e.g., 95%, 99%, should be defined also.  The percentage of defective tubes is given the variable "p"; the statistical confidence defines "alpha":

p = 0.01 (1% defective); alpha = 1-0.95 (confidence level) = 0.05

STEP 3 - Define an unacceptable lot; this should also be a percentage of defective tubes. This definition should also include a statistical degree of confidence (here defined as beta) as in step 2 above.  In this case, the confidence level is interpreted to be the probability that the lot (with the percentage defective that defines an unacceptable lot) is accepted.  The definitions are:

p1 = 0.05 (5% defective); beta = 0.05 (acceptable only 5% of the time; i.e., 95% probability that a lot with 5% defectives would not be accepted).  In other words, a lot containing 5% defectives would be accepted only 5% of the time.

STEP 4 - Compute the following parameters:

A = (1-beta)/alpha;  B = beta/(1-alpha); C = (1-p1)/(1-p); D=p1/p

STEP 5 - Compute the following:

h0 = lnB/(lnD-lnC); h1 = lnA/(lnD-lnC); s = slope = -lnC/(lnD-lnC);

In this particular case, A = (1-0.05)/0.05 = 19;

B = 0.05/(1-0.05) = 1/19; C = (1-0.05)/(1-0.01) = 0.95/0.99;

D = 0.05/0.01 = 5

lnD-lnC = 1.6094-(-0.04124) = 1.65068; (DENOMINATOR TERM!)

h0 = -2.9444/1.65068 = -1.78377; h1 = (+)2.9444/1.65068 = (+)1.78377;

s = -(-0.04124)/1.65068 = 0.02498

NOTE: A key parameter to calculate is the "x" intercept of the acceptance line because this is the number that must be tested with no defectives found to declare the lot acceptable.  In this case, the intercept is:

-h0/s; this calculates to be 1.78377/0.02498 = 71.39 (72 because we cannot test part of a tube).

This means that 72 randomly chosen tubes must be tested and no defects (tubes with lead >0.25 µg/dL) found to declare the lot acceptable (no more than 1% defective with 95% confidence) by our statistical definition.

Remember that the definition of acceptability (values for p and p1) of the tubes in terms of contamination level is NOT A STATISTICAL DEFINITION.  It is based on the practical expectations of the particular analysis and, to some degree, the expected mean value of the analyte (e.g., blood lead).  The acceptable contamination level is usually defined as no more than 5% of the expected mean value of the population to be measured.

It is interesting to recalculate the above parameters with slightly different definitions of alpha and beta, such as with 90% confidence intervals. The definitions of acceptable percentage defectives will be set in this example to 5% (p = 0.05) and 10% (p1 = 0.10) to illustrate the effect of changing these parameters on the required number of tubes to be tested.

In this case:

p = 0.05; p1 = 0.10; alpha = 0.1   beta = 0.1

-h0/s = 40.6 = 41 (usually 42 are tested).  This result would mean that no more than 5% defective tubes could be expected with 90% confidence in an acceptable lot, if 41 (usually 42) randomly selected tubes were tested sequentially without finding any defectives.
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