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ABSTRACT

Limit of detection (LOD) is usually determined by calculation of the standard deviation
of measurements of blank samples. In several technical reports, LOD is defined as the
concentration at the relative standard deviation (RSD) 30% (or other values) for repe-
ated measurements. Similarly, limit of quantitation (LOQ) is also defined at the RSD
level 10%. When a laboratory starts to use a method, the method verification should
be carried out in advance to guarantee this method can be implemented correctly and
the method characteristics (eg. LOD and LOQ) can be satisfied in this lab. But in routine
test, this verification is not conducted every time and the measurement result might
be effected by several factors. Then the verification results can vary under different
test conditions. In this article the critical value of relative standard deviation is presen-
ted, when the RSD from routine test of blank samples of n times larger than the critical
value it can be concluded that this measurement system cannot meet the requirement
of LOD/LOQ that defined by the methods related with RSD. This method shows a quick
check whether the routine measurement can satisfy the defined LOD/LOQ.
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INTRODUCTION

Limit of detection (LOD) and limit of quantitation (LOQ) are two impor-
tant characteristics for measurement and test methods. This is an important
indicator to evaluate the laboratory’s ability and quality assurance for low
concentration samples. The research on LOD and LOQ determination meth-
ods have always been interested by researchers. Several organizations and
institutes have published a few standards and technical reports. The pro-
cedures can generally classified into two categories: standard deviation for
blank samples [US environmental protection agency, 1997] and statistical
models based on calibration curves [IUPAC,1998; ASTM D 7091, 2007;
ISO 11843-2, 2000]. The first approach is easy to achieve, and the other
one usually need samples on several levels to establish the statistical model
(calibration function) which is more complicated. In measurement and test
laboratories, the first approach is often used in routine measurement.

In laboratories LOD is defined as the lowest concentration of the analyte
that can be detected by the method at a specified level of confidence. And
LOQ is the lowest concentration at which the measurement performance
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is acceptable for a typical application. The concept of LOD is statistically
the lowest concentration that can distinguish from blank at a level of con-
fidence. The value at LOD just indicates the existence of the analyte, not
accurate value of the analyte. But for LOQ the values above it is considered
accurate that can be acceptable. To obtain detection limit, it must be based
on the analysis of samples that have been taken through the whole measu-
rement procedure including sample preparation using results calculated with
the same equation as for the test samples.

In the first approach mentioned above, both LOD and LOQ are normally
calculated by multiplying a standard deviation of blank samples by a suitable
factor. Some typical definitions of LOD and LOQ are as follows,

1) IUPAC 1975 recommended repeated measurement of 10 blank samples,
the derived standard deviation is Sb. Then LOD is 3Sb and LOQ is
10Sb. This definition is based on the type I risk α=0.05 and type II
risk β=0.10. Then the upper limit of confidence interval of the concen-
tration of the blank samples is 2.927Sb with the confidence level 0.10
which assuming the concentration follows normal distribution. Then
LOD = 2.927sb≈3sb represents that it is the limit concentration of
analyte that can be distinguished from the blank samples (see Figure 1).

Figure 1: Distribution illustration for the case α=0.05 and β=0.10.

2) When the two types of risks changed to α=β=0.05, IUPAC 1997 recom-
mended LOD= 3.3sb,where sb is the standard deviation of measurement
results of blank sample with 10 repetitions and at this situation 1.645 sb
is the limit content. See Figure 2.

3) Measure the sample and blank respectively, and the sample result is the
measured value of the sample value minus the blank value. Let sb denote
the standard deviation of measurement results of blank sample with 10
repetitions. Then the LOD can be calculated as 4.65 sb (equals to 3.3×
√
2), where α = β= 0.05. And in this situation, LOQ is calculated as 14.1

sb (equals to 10×
√
2), where sb is the standard deviation of measurement

results of blank sample with 10 repetitions.

When above approaches are used in LOD and LOQ determination, the
corresponding relative standard deviation (RSD) is also changed according to
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Figure 2: Distribution illustration for the case α=β=0.05.

the different approaches at different levels. In some standards and technical
reports of measurement methods, LOD, LOQ and RSD are all contained in
the document as important characteristics of the methods. But the values
in fact are highly related that sometimes may be ignored. In this paper, the
interval estimates for RSD at the concentration level of LOD and LOQ is
derived. It can be used for checking the RSD defined for some measurement
and test methods whether matching the LOD or LOQ that demonstrated in
the document.

INTERVAL ESTIMATION FOR RSD

For most measurement methods, the standard deviations are changing as the
concentration level varied. Usually the standard deviation will increase with
the increasing content level and the decreasing RSM. When estimating LOD
and LOQ by the approaches mentioned in previous chapter, it is based on the
assumption that the calibration curve is a straight line that the slope is 0, and
the standard deviation is constant at different levels. It’s always believed that
the measurement random error follows normal distribution. When random
variable X ∼ N(µ, σ 2), let X1,X2, . . . ,Xn be n observations that follow that
same distribution N(µ, σ 2), so we have

X ∼ N

(
µ,
σ 2

n

)
(1)

where µ is the mean value of n observations. Then it can be derived that
X−µ
σ/
√
n
∼ N

(√
nµ
σ , 1

)
.

In the other hand, let s2 be the sample variance, s2 =
∑

i (X−Xi)
2 /(n− 1),

then we have

(n− 1)
s2

σ 2
∼ χ2

n−1 (2)

where χ2
n−1 is the Chi-square distribution with the degree of freedom n− 1,

σ 2 is the sample variance, σ 2
=

∑
i (X−Xi)

2 /(n− 1).
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From equation (1) and (2), it can be derived that

√
nX
s
∼ Tµ

√
n

σ ,n−1
(3)

where Tµ
√
n

σ ,n−1
is the non-central t-distribution with non-central parameter

µ
√
n

σ and degree of freedom n-1.

Then the one-sided confidence interval for
√
nx
s is

√
nX
s
≥ T

α,µ
√
n

σ ,n−1
,

where T
α,µ
√
n

σ ,n−1
is the α quantile of non-central t-distribution Tµ

√
n

σ ,n−1
.

Then we have the values for RSD = s
X
at confidence level α is

RSD ≤
√
n/T

α,µ
√
n

σ ,n−1
. (4)

The above interval gives a possible way to check the RSD of measurement
method whether suitable for their declared LOD (=k · sb).

APPLICATION

When determine the LOD and LOQ,measurements on the blank samples are
carried out under the repeatability condition. If LOD = 2.93sb is used, it
is believed that the concentrations at LOD is a random variable following
distribution N(LOD, sb). When 10 replicates are measured, then the RSD
based on the samples measurement results will satisfy the relation in equation
(4) with the confidence level α = 0.05, i.e.

RSD ≤
√
n

T
α,µ
√
n

σ ,n−1

=

√
10

T0.05,
√
10∗2.93,9

= 49.3% (5)

Therefore, if LOD is defined as 2.93sb, then the upper limit of RSD derived
from the 10 measurement results from the blank samples should not exceed
49.3% with the significant level 5%. Therefore, for different approaches of
LOD determinations, the upper limit of blank sample RSD can be calculated.
As for LOQ, it is usually defined as 10sb in most standards and technical
reports. The upper limit of RSM can also be calculated. The tale of upper
limit of RSD corresponding to different definitions of LOD and LOQ follows
in Table 1.

The above table shows the relations between LOD/LOQ and RSM. Alth-
ough LOD and LOQ are defined as the standard deviation of the blank
sample with 10 repetitions, there is a large difference of RSDs between the
distribution of large sample size and those of a small sample size, for that all
the calculation is based on the assumption of normal distribution, but for the
case of small sample size the distribution may be not approximately normal.
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Table 1. Upper limit of RSD corresponding to LOD and LOQ.

Number of
replicates of
blank samples

LOD LOQ

2.93sb 3sb 3.3sb 4.65sb 10sb
2 75.9% 73.7% 65.4% 44.2% 19.8%
3 65.6% 63.7% 56.9% 38.7% 17.5%
4 60.2% 58.6% 52.4% 35.9% 16.3%
5 56.8% 55.3% 49.6% 34.1% 15.5%
6 54.5% 53.0% 47.6% 32.9% 15.0%
7 52.8% 51.3% 46.2% 32.0% 14.6%
8 51.4% 50.0% 45.0% 31.2% 14.2%
9 50.3% 48.9% 44.1% 30.6% 14.0%
10 49.3% 48.0% 43.2% 30.1% 13.8%
11 48.6% 47.3% 42.6% 29.7% 13.6%
12 47.9% 46.6% 42.0% 29.3% 13.4%
20 44.5% 43.4% 39.2% 27.5% 12.6%

This table shows the upper limit RSD corresponding to LOD and LOQ. If
some measurement methods for low level detection or trace detection decla-
red extremely high RSM, it won’t be possible to detect the analyte in that
specified LOD. Therefore it will be useful to check whether LOD/LOQ and
RSM for measurement methods are reliable.
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