Office of Water Quality Technical Memorandum 2010.07
Attachment C
Considerations of False Negative Risk at the Reporting Level
Since 1999 (and earlier for several analytical methods), the USGS National Water Quality Laboratory (NWQL) has used the Laboratory Reporting Level (LRL) convention for reporting of data for many inorganic and organic methods, especially water methods. As described in Childress and others (1999), this reporting convention was implemented in an effort to minimize the risk of reporting two potential measurement errors: false positives and false negatives.  
False Positives
A false positive occurs when an analyte is reported as present, regardless of concentration, when it is not present in the sample.  For analytical measurements, false positive risk is typically defined by how much greater a presumed analyte’s instrumental signal is relative to instrumental noise or blank levels. Therefore, a false positive occurs when an analyte is reported as present at or above a given threshold concentration (for example, the method’s detection level) when the compound is in fact not present or is not statistically different from lab blank values.  The long-term method detection level (LT-MDL) is the threshold concentration used by the NWQL for many organic and inorganic water methods where the statistically derived risk for reporting a false positive is no more than 1%.  The NWQL has multi-year LT-MDL data for many inorganic and organic water method analytes.  These data are based on continuous assessment by the USGS Branch of Quality System’s LT-MDL Project.  The LT-MDL for an analyte historically has been estimated using reagent-matrix replicate samples spiked at a concentration near the LT-MDL.  For the last four years, the Branch of Quality Systems has used a more direct estimate of the LT-MDL for inorganic methods by examining laboratory background as measured in blind blanks.  For example, figure 1 shows cadmium in reagent-water method blind blanks by ICP-MS.  
Figure 1. Example time series plot of replicate blind blank data
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A histogram is another way to present this type of data (figure 2).  

Figure 2. Example histogram of replicate blind blank data
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Although data distributions are rarely symmetrical or “normal”, parametric statistics typically are applied to estimates of detection levels with normal or Student’s t functions assumed to adequately fit the data distributions (US Environmental Protection Agency, 2010; Childress and others, 1999). In subsequent figures in this document, a symmetrical distribution is used to depict data from measurements of a replicated matrix at a given concentration.  For example, for a blank having a mean concentration of zero, or replicate reagent-matrix samples spiked at a concentration equivalent to the LT-MDL, the LRL, or a higher reporting level (RL).  

Figure 3 shows the estimate of the LT-MDL from this type of distribution, which is calculated by multiplying the standard deviation (s) of the replicate measurements of a spiked sample at 1-to-5 times the expected LT-MDL by Student’s t-value (t) at the 99% confidence level (Childress and others, 1999).  Similarly, the LT-MDL can be estimated by setting it at a high (for example, 99th) percentile concentration of blind or method blank measurements.  Data users should keep in mind that the data demonstrate increased variability at or near the LT-MDL because they are near the low end of the calibration range and approaching increasing instrumental noise.  
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False Negatives
Another measurement error is the false negative, which occurs when an analyte is reported as not present (not detected) or, more typically, reported as being below a given concentration [generically termed the reporting level (RL)], when its true concentration is at or above that concentration.  The NWQL has used the Laboratory Reporting Level convention, in part, to minimize the risk of false negatives to no more than 1% at the LRL concentration (Childress and others, 1999). For most NWQL methods, this was accomplished by setting the LRL at twice the long-term method detection level (LT-MDL) concentration (which assumes a 100% mean analyte recovery at the LRL) and, most importantly, by reporting any detections in the range from the LRL down to the LT-MDL as shown in figure 4.  Under the LRL reporting convention, when <LRL is reported, it is unlikely that the true concentration was above the LRL concentration because any determined value in the range from LT-MDL to LRL would have been reported. 
Forthcoming changes to the NWQL’s data reporting convention for all inorganic water methods currently using the LRL convention will set the reporting level at the LT-MDL instead of at the LRL as previously used.  Values below the LT-MDL concentration will be censored as before, but reported as <LT-MDL instead of <LRL.  Use of the LT-MDL as both the reporting level and the minimum concentration below which no values are reported (a censoring limit) increases the risk of false negatives at the LT-MDL to ≤50%.  This false negative region is shown by the shaded area in figure 5 where the true sample concentration is at the LT-MDL and the mean analyte recovery of the determined spiked replicates at LT-MDL is assumed to be 100%.  A false negative is obtained when the true concentration is at or above LT-MDL, but the determined concentration falls below LT-MDL (but within the expected distribution at the LT-MDL concentration) and is censored and reported as <LT-MDL.
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The false negative rate further increases as the mean analyte recovery decreases below 100% at or near the LT-MDL concentration (or any selected censor-limit based reporting level concentration) [see figure 6].
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Figure 7 shows the instrumental signal of an analyte in a sample that is much lower than the corresponding range of signals that would be obtained from replicate samples spiked at the substantially higher reporting level concentration.  In this case, the false negative risk would be very low when <RL is reported because the signal from the sample is well below the likely distribution at the RL.  Thus, the true concentration in the sample is likely to be less than the reporting level and unlikely to be a false negative.  Indeed, the false negative risk at any censor-based reporting level (RL) is inversely related to the difference between the higher RL and the lower instrumental signal (or corresponding non-reported determined concentration) in the sample assuming good analyte recovery at the determined concentration.  
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Conversely, analyte signal in a sample just below the reporting level will have a comparatively high false negative risk when <RL is reported (figure 8).   This is because its true value could actually be greater than the censor value (RL) based on its expected distribution of possible measurements. 
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Only the laboratory (or analyst) knows what the analyte signal in the sample is relative to the RL.  When concentrations are less than the censor-based RL and <RL (or <LT-MDL) is reported, data users only know that any determined value was less than this censoring limit, but have no information to assess false negative risk. 

The use of a higher censor-based reporting level can provide lower false negative risk if most samples have analyte signals well below the RL. However, use of a higher RL (especially relative to the LT-MDL) unnecessarily censors the reporting of data in the region between the LT-MDL and the higher RL.  The NWQL adopted the LT-MDL process, in part, to provide the lowest possible concentration data for “detected” analytes that are distinguishable from the blank (at a low false positive risk) and to help characterize accuracy and precision near the detection level.  The NWQL will begin using the LT-MDL as the censor-based reporting level (that is, the “less than” value) for all inorganic method analytes that used the LRL reporting convention for samples collected on or after October 1, 2010.  Note that this forthcoming LT-MDL reporting convention is comparable to the NWQL’s Minimum Reporting Level (MRL) convention [Childress and others, 1999] because it is similarly censor-limit based.  However, the Reporting Level Type displayed in NWIS will be LT-MDL instead of MRL to distinguish that the reporting level is set at the LT-MDL concentration determined by using the LT-MDL process of measuring blanks, low-level spikes, or both over time for multiple analytical runs, analysts, and instruments to estimate the analyte’s LT-MDL.
Conclusion
Use of the LT-MDL concentration as the “less than” reporting level represents a departure from the strategy of the LRL reporting convention to minimize false negative risk to ideally no more than 1% at the LRL concentration.  Minimizing false negative risk can only occur if data are reported into a region below the selected “less than” reporting level.  Indeed, this was one of the primary considerations that led to the NWQL’s implementation of the LRL reporting convention (Childress and others, 1999).  Use of a minimum (censor-limit based) reporting level below which no concentrations are reported automatically creates a potential false negative risk greater than 1% if the true concentration is near this “less than” reporting level, regardless of where that reporting level concentration is set.  

Data users must be aware of potential higher false negative risks for “less than” reporting level data reported using any censor-based RL convention, including the NWQL’s MRL or forthcoming LT-MDL convention, or similar conventions employed by other labs.  Indeed, the reporting of <LT-MDL would be likely for natural or reagent matrices spiked with the analyte at a concentration at or just above the LT-MDL, and needs to be considered when preparing spiked samples for quality assurance or laboratory auditing purposes.  Most importantly, a reported <LT-MDL means that the analyte was not determined to be present at a concentration at or above the LT-MDL.  It does not mean the analyte was not present! 
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Abbreviation and Definitions of Detection and Reporting terms used in the Technical Memorandum and Attachments
False negative (also called type II error or beta error) — A statement that a substance is not present (was not found) in a sample when the substance was present (Keith, 1992).  The NWQL provides a “less than” reporting level (<RL) concentration instead of reporting “not present” or “not detected”.  Therefore, a false negative occurs when the analyte is reported as <RL (that is, <LRL, <MRL, or other concentration), when the true concentration is at or above that reporting level concentration.
False positive (also called type I error or alpha error) — A statement that a substance is present in a sample when it is not (Keith, 1992).

Laboratory reporting level (LRL) — Generally, equal to twice the yearly determined LT–MDL.  At the LRL, the probability of a false negative is less than or equal to 1 percent if data are reported at least down to the LT-MDL (Childress and others, 1999).  
Long-term method detection level (LT–MDL) — A detection level derived by determining the standard deviation of a minimum of 24 MDL spike sample measurements or 50 plus blind blank measurements over an extended period of time.  LT–MDL data are collected on a continuous basis to assess year-to-year variations in the LT–MDL (Childress and others, 1999).  
Method detection limit (MDL) — Minimum concentration of a substance that can be measured and reported with 99-percent confidence that the analyte concentration is greater than zero.  It is determined from the analysis of a sample in a given matrix containing the analyte (U.S. Environmental Protection Agency, 2010).
Minimum reporting level (MRL) — Smallest measured concentration of a constituent that may be reliably measured by using a given analytical method (Timme, 1995).  The MRL is used as a censor-limit based concentration below which no concentrations are reported (Childress and others, 1999).  The MRL concentration typically is set based on blank limitations or is used in regulatory-based methods that do not require reporting below the MRL, which sometimes is set at a concentration substantially greater than the MDL.  
Reporting level (RL) — a generic term in these documents. The reporting level is the “less than” concentration provided when the analyte is not detected or is detected below a minimum (censor-limit based) concentration, which might be at or below the RL value.

Contact Information
This information was prepared by Bill Foreman, NWQL Methods Research and Development Program.  Please direct questions or comment to the NWQL via labhelp@usgs.gov.
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Figure 5. False negative probability when LT-MDL is used as the censor-based reporting level 
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Figure 6. False negative risk increases when the mean recovery of the analyte is less than 100% at LT-MDL
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Figure 7. False negative risk at any censor-based reporting level (RL) is minimized when the signal in the sample is much lower than the RL
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Figure 8. False negative risk increases as the signal in the sample approaches the censor-based reporting level (RL)
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Figure 3. Determination of the LT-MDL by use of replicate spiked reagent matrix









































Figure 4.  False negative probability at LRL using �the LRL reporting convention�Assumes LT-MDL a true “detection” or “censor” limit
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