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TNI STANDARD 
 

VOLUME 1 MODULE 4;  
Clauses 1.5.2.1.1, 1.5.2.1.3, 1.5.2.2, 1.5.2.2.1, 1.5.2.2.2 

 
Description 
 
This standard has been approved by the TNI membership, through voting that ended on 
October 15, 2017.  It will be substituted into Volume 1 Module 4 of the 2016 Environmental 
Sector Standard. 
 
Changes from the 2009 standard are shown through tracking. 
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1.5.2 Limit of Detection and Limit of Quantitation (however named) 
 
 Procedures used for determining limits of detection and quantitation shall be documented. 

Documentation shall include the quality system matrix type. All supporting data shall be retained. 
 
1.5.2.1  Detection Limit (DL) 
 
 If a mandated test method or applicable regulation includes protocols for determining detection 

limits, they shall be followed. The laboratory shall document the procedure used for determining the 
DL. If the method or regulation does not contain specific directions for determination of the 
detection limit, the following requirements shall apply. DL determinations are not required for 
methods/analytes for which a detection limit is not applicable such as pH, color, odor, temperature, 
or dissolved oxygen. DL determinations based on low level spikes are not required for analytes for 
which no spiking solutions are available. If results are not reported below the limit of quantitation 
(LOQ), an initial DL determination is required, but ongoing verification is not. 

 
1.5.2.1.1 Initial determination of the DL 
 

The laboratory DL procedure, unless following a mandated test method or procedure, at a 
minimum, shall incorporate language addressing the following requirements: 
 
a) the DL shall reflect current operating conditions; 
 
b) the DL determination shall incorporate the entire analytical process, including sample 

preservations; 
 

c) the DL determination shall include data from low level spikes and routine method blanks 
prepared and analyzed over multiple days; at least one low level spiked sample and routine 
method blanks must be analyzed on each applicable instrument; a minimum of seven 
replicates is required for both low level spikes and routine method blanks; 

 
d) results from spiked sampleslow level spikes used in the DL determination shall meet 

qualitative identification criteria in the method, and shall be above zero; 
 
e) the DL procedure shall include criteria for and evaluation of false positive rates in routine 

method blanks;  
 
f) the DL shall be determined for the analytes of interest in each test method in the quality 

system matrix of interest in which there are neither target analytes nor interferences at a 
concentration that would impact the results, or the DL shall be performed in the sample 
matrix of interest. 

 
NOTE:  One option is to follow the US Environmental Protection Agency Method Detection 

Limit (MDL) procedure, effective September 27, 2017. 
 

1.5.2.1.2 Ongoing verification of the DL 
 

At a minimum, ongoing verification of the DL shall include assessments of spikes at or below the 
LOQ and of method blanks. A minimum of one (1) verification spike and one (1) blank shall be 
analyzed on each instrument during each quarter in which samples are being analyzed and results 
are being reported below the LOQ. The criteria listed in Section 1.5.2.1.1 shall be met for ongoing 
verification over the course of a year. 
 
If the method is altered in a way other than routine maintenance and the change can be expected 
to elevate the detection limit, then a spike at or below the LOQ concentration and a blank shall be 
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prepared and analyzed. If the spike at the LOQ concentration gives a result meeting qualitative 
identification criteria above zero, and the blank gives a result below the DL, then the DL is verified. 
If not, the DL shall be re-determined. 
 
In the event that verification fails, the laboratory shall perform a new DL study within thirty (30) 
calendar days. 
 

1.5.2.1.3  When a new DL is determined, the laboratory shall verify that the LOQ value is at least three (3) 
timesgreater than the DL. If it is not, the laboratory shall raise the LOQ value to at least three (3) 
timesgreater than the DL. 

 
1.5.2.2 Limit of Quantitation (LOQ) 
 

If a mandated test method or applicable regulation includes protocols for determining quantitation 
limits, they shall be followed. The procedure used for determining the LOQ shall be documented by 
the laboratory. The laboratory shall select an LOQ for each analyte, consistent with the needs of its 
clients, and at least three (3) timesgreater than the DL. An LOQ is required for each quality system 
matrix of interest, technology, method, and analyte, except for any component or property for which 
spiking solutions are not available or a quantitation limit is not appropriate, such as pH, color, odor, 
temperature, dissolved oxygen, or turbidity. 
 
a) Each selected LOQ shall be verified through analysis of initial verification samples. An initial 

verification sample consists of a spiked matrix blank at or below the selected LOQ. 
 
b) All sample preservation, processing and analysis steps performed for routine sample analysis 

shall be included in the LOQ verification testing. 
 
c) The LOQ must be at or above the lowest corresponding calibration standard concentration 

with the exception of methods using a single point calibration.  
 
d) The laboratory shall establish acceptance criteria for accuracy for the LOQ verification spikes. 
 

1.5.2.2.1 Initial verification of the LOQ 
 
When first establishing an LOQ, or when an LOQ concentration has been selected that is lower 
than the concentration of the LOQ verification spikes previously performed, an initial verification 
shall be performed as follows:  

 
a) A minimum of seven (7) low level spikesblanks spiked at or below the LOQ concentration 

shall be processed through all steps of the method, including any required sample 
preservation. Both preparation and analysis of these low level spikessamples shall include at 
least three (3) batches on three (3) separate days.  
 
NOTE 1: Spiking slightly below the LOQ may help ensure that the results are also suitable 

for DL determination. 
 

NOTE 2: If low level spikesspiked blanks have been analyzed in order to generate a DL, the 
results may be used to perform the initial verification of the LOQ. 

 
i. If there are multiple instruments that will be assigned the same LOQ, then these low 

level spikesspiked blanks shall be distributed across all of the instruments. 
 

ii. A minimum of two (2) spiked blankslow level spikes prepared and analyzed on different 
days shall be tested on each instrument. 
 

b) Existing data may be used if compliant with the requirements for at least three (3) batches, 
generated within the last two (2) years and representative of current operations. 
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c) The LOQ is verified if the following criteria are met: 
 

i. All results are quantitative (above zero and meet the qualitative identification criteria of 
the method (e.g., recognizable spectra, signal to noise requirements, and presence of 
qualifier ions). 

 
If a result from an LOQ verification sample is not above zero and/or does not meet the 
qualitative identification criteria in the method, the problem shall be corrected and the 
verification repeated, or the LOQ verification shall be repeated at a higher concentration. 
 

ii. Recovery The mean recovery of each analyte is within the laboratory established 
accuracy acceptance criteria. 
 

iii. The LOQ is at least three (3) timesgreater than the established DL and at or above the 
spiking concentration. 

 
If the LOQ is less than three (3) timesor equal to the DL, the LOQ shall be raised to at 
least three (3) timesgreater than the DL. 

 
NOTE: It is not necessary to repeat the LOQ verification at a higher concentration when it is 

necessary to raise the LOQ to three (3) timesgreater than the DL. 
 

d) The laboratory shall document the results of the initial LOQ verification as described in 
Section 1.5.2.4. 

 
1.5.2.2.2 Ongoing verification of the LOQ 

 
The laboratory shall prepare and analyze a minimum of one (1) LOQ verification sample spiked at 
the same concentration as the initial LOQ verification on each instrument during each quarter in 
which samples are being analyzed for each quality system matrix, method, and analyte.  

 
a) Results of each LOQ verification sample analysis shall be evaluated at the time of the testing 

and shall meet the qualitative identification criteria in the method and laboratory Standard 
Operating Procedure (SOP) and the quantitated result shall be greater than zerothe DL and 
meet the laboratory established accuracy criteria as established by 1.5.2.2 d).  

 
b) If a continuing LOQ verification test does not meet this requirement, the laboratory shall take 

corrective action and document a technically valid reason for the corrective action.. Corrective 
action shall be either one of the following: (i) correcting method or instrument performance and 
repeating the verification test, (ii) evaluating the laboratory established control limits to ensure they 
reflect current performance, or (iii) raising the spiking level (and the quantitation limit if the spiking 
level is above it) and repeating the initial verification study within thirty (30) calendar days of the 
initial failure.  Any samples analyzed in a batch associated with a failing LOQ verification shall be 
reanalyzed or reported with qualifiers. , or (ii) correcting method or instrument performance and 
repeating the verification test one time. In the event of second failure of a quarterly verification 
sample, the quantitation limit shall be raised and the initial study repeated within thirty (30) calendar 
days. 
 

 
1.5.2.3 Verification of DL/LOQ 

 
If no analysis was performed in a given year, the verification of the DL/LOQ is not required, but a 
new initial DL/LOQ verification shall be performed prior to analysis of client samples. 

 
1.5.2.4  Documentation 
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 At least once per year, the laboratory shall tabulate all results of the ongoing verification sample 

testing. All data representative of the current operations shall be used, if generated within the last 
two (2) years. A minimum of seven (7) samples is required.  
 
a) The laboratory shall record the analytical and preparation methods used, dates of preparation 

and testing, the batch identifiers, the testing instrument, quality system matrix, technology, 
analyte, concentration in the spiked sample with units, and the test result (if any) for each 
LOQ and/or DL verification test. 
 

b) For each analyte, the laboratory shall record the percent recovery, the number of results (n), 
the mean and standard deviation of the percent recovery, and the spiking concentration of 
the spiked samples with units. These data shall be provided to clients upon request. 

 


