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Why to estimate LOD and LOQ?

 To evaluate the suitability of the used  
analytical technique and conditions to the 
aims of the monitoring.

 To compare the quality of the determination 
with other published results in order to 
evaluate if there is necessity and possibility of 
improvement.



  

Aim of this presentation

 To show simple approaches in order to 
encourage laboratories to start to estimate 
their LOD and LOQ using data they still have 
or they can collect at zero cost.

 Not to present a state-of-the-art review of 
the literature about this subject.



  

IUPAC definition

The minimum single result which, with a stated probability, can be 
distinguished from a suitable blank value. The limit defines the point at 

which the analysis becomes possible and this may be different from 
the lower limit of the determinable analytical range. 

The Limit of Detection (LOD), expressed as the concentration, cL, or the 
quantity, qL, is derived from the smallest measure, xL, that can be 

detected with reasonable certainty for a given analytical procedure.

The value of xL is given by the equation

xL = xbi + ksbi

where xbi is the mean of the blank measures, sbi is the standard 
deviation of the blank measures, and k is a numerical factor chosen 

according to the confidence level desired



  

IUPAC definition
1997



  

IUPAC definition

2002



  

ISO 13530 1997
Water quality - Guidance on analytical quality control for 

chemical and physicochemical water analysis

1997



  

Eurachem definition

1998



  

EPA

2004

Document 815-R-05-006



  

EPA Document 815-R-05-006 2004



  

EPA Document 815-R-05-006 2004



  

EPA Document 815-R-05-006

2004 LCMRL
Lowest Concentration Minimum Reporting Level

MRL Minimum Reporting Level 
UCMR Unregulated Contaminant Monitoring Regulation



  

Standard Methods 21° Ed. 2005: definitions

2005



  

Standard Methods 21° Ed. 2005: definitions

LOD LOQ



  

Detection Limit in analysis
NORDTEST  definition

2007



  

The Limit of Detection (LOD) expressed as the concentration is derived from the 
smallest measure, xL, that can be detected with reasonable certainty for a given 

analytical procedure.

xL = xbi + ksbi

where xbi is the mean of the blank measures, sbi is the standard deviation of the 
blank measures, and k is a numerical factor chosen according to the 

confidence level desired (2 < k < 3)

To obtain LOD, 
signals are transformed in
concentrations using the

calibration curve

SD of blank samples

signal



  

Calibration curve 
N-NH4 spectrophotometry indophenol blue

5 cm optical path
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Calibration curve 
N-NH4 spectrophotometry indophenol blue

5 cm optical path

-0.01

0.00

0.01

0.02

0.03

0.04

0.05

0.000 0.002 0.004 0.006 0.008 0.010

concentration (mg N-NH4 /L)

si
gn

al
 (A

)



  

Calibration curve 
Chloride by Ion Chromatography determination
Dionex AG19-AS19-AAES 100µL sample loop
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Calibration curve 
Chloride by Ion Chromatography determination
Dionex AG19-AS19-AAES 100µL sample loop
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In practice…
If you have mean control charts at different concentration,

use them to evaluate LOD and LOQ

else, if calibration slope is very stable (i.e. spectrophotometry)

use SD of the blanks (if possible) 

or of a control sample of low concentration

or of the lowest standard

else, 

apply Hubax-Vos method on as many calibrations possible,

or use the variability of the calibration standards



  

SD of blank samples
N-NH4 spectrophotometry indophenol blue

5 cm optical path

Calibration
mg N/L = 0.196 A + 0.0006

LOD 0.005 mg N/L = 0.196 x 0.021 + 0.0006
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Mean = 0.025 mA

SD = 0.007 mA
xL = xbi + ksbi

xL = 0.025 + 3 x 0.007 = 0.046 mA

In the daily determinations and in the calibration, blank mean is 
subtracted from the values, then for estimating LOD 

use 3SD (0.021 A), not mean + 3SD (0.046 A)

LOQ 0.014 mg N/L = 0.196 x 0.070 + 0.0006



  

Variability of the lowest standard
Chloride by Ion Chromatograpy determination
Dionex AG19-AS19-AAES 100µL sample loop

Ratio Factor = peak area / ST concentration
RF = 0.057/0.05 = 1.14

LOD 0.018 mg Cl/L = 0.021/1.14

Lowest standard
0.05 mg Cl/L

Peak area mean = 0.057
Peak area SD = 0.007

xL = xbi + ksbi

for lowest standard
xL = ksbi

xL = 3 x 0.007 = 0.021
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LOQ 0.061 mg Cl/L = 0.070/1.14



  

Variability of calibration standards 
Chloride by Ion Chromatography determination
Dionex AG19-AS19-AAES 100µL sample loop

LOD 0.0002 mg Cl/L
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LOD = RSD 33% = (5.73/33) (1/0.2)

LOQ = RSD 10% = (5.73/10) (1/0.2) LOQ 0.062 mg Cl/L

Standard
mg/L

Peak
area

RSD

0.05 0.058 13.8

0.10 0.108 8.6
0.20 0.218 5.8

0.50 0.558 5.5
2.00 2.277 4.6
5.00 5.701 4.3

10.00 11.439 4.2

n >300 and 2-3 years of calibrations



  

Statistics mg L-1

Average 0.508
Standard Deviation 0.013
Standard Deviation recommended 0.025
RSD % 2.7
RSD % recommended 5.0
Minimum 0.47
Maximum 0.54
N. data 115
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Chloride by Ion Chromatography determination (100µL sample loop)

LOD = RSD 33% = (3.37/33) (1/0.46)

LOQ = RSD 10% = (3.37/10) (1/0.46)

RSD = 3.37 (mg/L)-0.46

LOD from control charts

LOD 0.007 mg Cl/L

LOQ 0.094 mg Cl/L



  

Hubaux-Vos



  

LOD from daily calibration (Hubaux-Vos) 

Example from Dionex 
Chromeleon Software

Chloride by IC
100µL sample loop

Range 0.05 – 10 mg/L
7 standards in duplicate

daily calibration



  

LOD from daily calibration (Hubaux-Vos) 

LOD 0.027 mg Cl/L

Example from Dionex 
Chromeleon Software

Chloride by IC
100µL sample loop

Range 0.05 – 10 mg/L
7 standards in duplicate

daily calibration



  

Range 0.05 – 10 mg/L
7 standards

More than 300 calibrations
in 2-3 years

Standard
mg/L

Peak
area

RSD

0.05 0.058 13.8
0.10 0.108 8.6
0.20 0.218 5.8
0.50 0.558 5.5
2.00 2.277 4.6
5.00 5.701 4.3

10.00 11.439 4.2

Chloride by Ion Chromatography determination
Dionex AG19-AS19-AAES 100µL sample loop

LOD from average calibrations (Hubaux-Vos) 

LOD 0.038 mg Cl/L
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Chloride by Ion Chromatography determination
Dionex AG19-AS19-AAES 100µL sample loop

Values obtained:

Lowest standard variability       0.018 0.061

Control charts RSD 33/10%        0.007 0.094

Standards variability RSD 33/10%      0.0002 0.062

Hubaux-Vos daily calibration        0.027 0.089

Hubaux-Vos average calibrations    0.038 0.073 *

Results obtained (mg Cl / L) LOD LOQ

* Gibbons’s AML



  

In practice…

If you have mean control charts at different concentration,

use them to evaluate LOD and LOQ

else, if calibration slope is very stable (i.e. spectrophotometry)

use SD of the blanks (if possible) 

or of a control sample of low concentration

or of the lowest standard

else, 

apply Hubax-Vos method,

or use the variability of the calibration standards



  

Conclusions
 Quality Control is an important tool to criticize analytical 

activity, to improve it and to assure that it is suitable for 

the purpose of monitoring.

 The estimation of LOD and LOQ is an important part of 

Quality Control.

 LOD and LOQ can be simply evaluated using results of 

control charts, blank samples or calibration curves.
 If you do not store these data yet, please store them 

anywhere and in a few years you will have years of data... 



  

Thank you for your attention
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