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DIOXIN/FURAN ANALYTICAL METHODS AND REPORTING LIMIT DEFINITIONS 

Frontier Analytical Laboratories analyzed soil, groundwater, and sediment samples 
collected as part of the Lora Lake Apartments Remedial Investigation and Feasibility 
Study (RI/FS) for dioxins/furans using U.S. Environmental Protection Agency (USEPA) 
Method 1613. 

Currently, there are eight analytical methods that are routinely used for the 
determination of dioxins and furans. Of those, USEPA Methods 8290 and 1613 are 
fine-scale analytical methods comparable in the quality of analysis and results.1 Both 
employ high resolution gas chromatography/high-resolution mass spectrometry 
processes that provide test results as low as parts per trillion (ppt) for solid samples and 
parts per quadrillion (ppq) for aqueous samples. 

Analytical requirements for dioxins/furans are unique compared to other routinely 
monitored contaminants. Because dioxins/furans are toxic at much lower concentrations 
than other contaminants and dioxin/furan analysis requires speciation of many 
congeners, the analytical requirements are far more sophisticated and sensitive. For 
instance, most contaminants are commonly measured in parts per million (ppm) and 
parts per billion (ppb) whereas dioxins/furans are commonly measured in ppt and ppq. 
Stable isotopically labeled analogs of the target compounds are used to determine 
exact retention times and to correct targets for recovery, providing a more analytically 
precise value for the dioxins/furans than most other analyte groups. 

USEPA Method 1613 defines three analytical limits for dioxin/furan analysis that are 
critical to the evaluation of the reported data and assessment of data quality. The 
Minimum Limit (ML) is the highest (least fine scale) limit, the Detection Limit (DL) is a 
mid-range limit, and the Method Detection Limit (MDL) is the lowest (finest scale) limit 
(refer to Figure 1). These limit definitions have significant importance in the calculation 
of dioxin/furan toxic equivalency quotients (TEQs), as discussed below. 

The MDL is defined as “The minimum concentration of a substance that can be 
measured and reported with 99 percent confidence that the value is above zero and is 
determined from analysis of a sample in a given matrix type containing the analyte.” 
(USEPA SW-846).2 Therefore, there is a statistically valid 99 percent probability that 
any analyte observed greater than the MDL is, indeed, present in the sample. The 
USEPA has established the MDL as a reporting threshold. By laboratory and USEPA 

1  The primary differences in these methods are analyte recovery limits, internal standards, and sample holding times 
(described in detail in the Lora Lake Apartments RI/FS Work Plan). USEPA Method 1613 was selected to analyze 
the Lora Lake Apartments Site RI samples to take advantage of the method holding time of 1 year (in contrast to 
the USEPA Method 8290 holding time of 30 days). The longer holding time made it possible to follow the tiered 
dioxin/furan soil analysis approach described in the Lora Lake Apartments RI/FS Work Plan (Floyd|Snider 2010). 

2  The MDL is a statistically calculated value, and for operational purposes the USEPA states that when it is 
necessary to determine the MDL in a matrix, the MDL should be determined by multiplying the appropriate one-
sided 99 percent t-statistic by the standard deviation obtained from a minimum of three analyses of matrix spike 
containing the analyte of interest at a concentration three to five times the estimated MDL, where the t-statistic is 
obtained from standard references or as described in Chapter 1 of SW-846 (USEPA 1992). 
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standards and industry convention, the analyte is considered “not present” even if a 
measured value less than this level is reported by the analytical process.  

For USEPA Method 1613 the term Minimum Limit is used to represent the lowest point 
of calibration on the instrument or lowest standard. Minimum requirements for the MLs 
for dioxin/furan congeners are specified in the method. The ML is equivalent to a 
“reporting limit” (RL) as that term is used for other analytical methods (e.g., USEPA 
Method 6010 for metals or USEPA Method 8290 for semivolatile organic compounds). 
MLs and RLs are equivalent, and, in common practice are used interchangeably to refer 
to the lowest concentration of an analyte that the laboratory will routinely report or can 
reliably measure within specified control limits. Detected concentrations greater than or 
equal to the ML are quantified with a known and acceptable level of precision and 
accuracy. 

MDLs and RLs are terms used to define analytical process limits used consistently 
across various analytical methods. USEPA Method 1613 dioxin/furan analysis also uses 
the term Detection Limit or DL. The DL is a “real response” that is based on the 
method-specific minimum signal-to-noise ratio for each congener, for each analysis run. 
The DL represents the sample- and matrix-specific level at which a congener can be 
detected. The DL level or concentration is greater than the MDL, but less than the ML. 
By definition, to designate a positive detection of an analyte, the analyte concentration 
must be measured at more than the method-specific minimum signal-to-noise ratio. A 
positive detection greater than the MDL and less than the ML is given a “J” qualifier to 
indicate that the analyte or congener was positively identified, but that the concentration 
was estimated because the precision and accuracy of the result is unknown at this low 
level. For USEPA Method 1613, the DL is effectively equivalent to the Estimated 
Detection Limit or EDL used for USEPA Method 8290. An EDL is often still calculated 
for USEPA Method 1613, per the Contract Laboratory Program requirements.  

Given these definitions of analytical limits used for USEPA Method 1613, the common 
term “non-detect” or “non-detected” means that the analyte measurement was less than 
the MDL, where potential instrument responses are within the background noise 
associated with the equipment and analyses. When calculating dioxin/furan TEQ 
concentrations, non-detect congeners may be assigned a value of one-half of the DL, 
(WSDOE 2007) or may be assigned “zero.” Because dioxins/furans are toxic at very low 
concentrations, the approach of assigning one-half of the DL for non-detected 
congeners or setting non-detect compounds to zero for the calculation of dioxin/furan 
TEQ concentrations is important in evaluating environmental data. Risk-based cleanup 
levels are often at low levels that may be near or less than the DLs.  
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Figure 1 

USEPA Method 1613 
Analytical Limits 

Note:
* “J” qualifier indicated that the analyte was analyzed for

and positively identified, but the associated numerical
value is an estimated quantity.
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