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5| Detection Limit& @sic}.

¢ Z=3HA o] tf§t &o]= DL(Detection Limit, Roy L, 1991; FDA, 1999;
David et al, 1997; WCAS), LOD(Limit of Detection, ] Mocak et al, 1997;
Jordi et al, 1999; NIOSH, 1991; Jerome et al, 1999), MDL(Method
Detection Limit, Standard Method) £9] 8oj&2 &8F&|o] AoX|3 Qi1, A
ol & oFzhH rhct

& utmog [ODat: golS wo] ALg3t}. 12w o]2l fojo] ot Aot
[UPACE} ACS9] oo A #fist= Zio] B35 o]t

€ [UPACO|A+= 80o]9 A& 7|5} LA} ISOL} €74 Minimum Detection(Lp)

L Detection LimitE AI83l=2 FA4511 Q).
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(2) LOD =<Juli7

1) LODOj| o2 5| A] 3Sb(FA|& ZAA| 129 #FHX}Q] 34f|) =Y =] J=7H?

o O3 22 F 7HA] A0l 7Hssiht

@ Keisero] 2]t 7]'39] =<

¢ H. Keiser:= 283stA] FA oA SAISHA]Ql 7'do] oty il @3] & 53
o] A 4tto 2 A 3ShbE £ USIIE A At

& |7 o]=9} E3517| 2 A|1E9] WstE &5t= A7 4 H(decision
criterion) @ 2 3Sb& AR&-51% 4L, o] 7i'dof tfisto] 1 o] 2.0 o stA}E0]
SA5tA olu| & Y o5t H(urrie : 1995, Mocak :1997, J. Trallero : 1999).
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1) ITUPAC(International Union of Pure and Applied Chemistr, ZA|&4. 28
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2) ACS(American Chemical Society, 0]=3}5}513])
% ol oA BAEALR Ay QA BAT 5 dt BHBA MF U SE
3) Standard Method(1992)

@ ZojAl A= +Eo A noiseo] o2 HEE 4+ A= 7S Fla &

4) #+A5}5H1998), FDA(1999), Jerome 5-(1999), David -5-(1997)
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6) NIOSH(National Institute of Occupational Safety and health,
O] = JAAARA B A AY)

< 3t blank signal o]4}of|A] H+t signalo] 30, & UEIU+= 5%

< o, blank signal®] & HA}

7) Talyor(1998)
% LOD of® Z74zko] 1 A3 B3
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Table 4-4 Values of Student’s t

Confidence level (%)

Degrees of freedom 50 90 95 98 99 99.5 99.9

1 1.000 6.314 12.706 31.821 63.656 127.321 636.578

2 0.816 2.920 4.303 6.965 9.925 14.089 31.598

3 0.765 2.353 3.182 4.541 5.841 7.453 12.924

+ 0.741 2.132 2.776 3.747 4.604 5.598 8.610

5 0.727 2.015 2.571 3.365 4.032 4.773 6.869
6 0.718 1.943 2.447 3.143 3.707 4.317 5.959|

7 0.711 1.895 2.365 2.998 3.500 4.029 5.408

8 0.706 1.860 2.306 2.896 3.355 3.832 5.041

9 0.703 1.833 2.262 2.821 3.250 3.690 4.781

10 0.700 1.812 2.228 2.764 3.169 3.581 4.587

15 0.691 1.753 2.131 2.602 2.947 3.252 4.073

20 0.687 1.725 2.086 2.528 2.845 3:153 3.850

25 0.684 1.708 2.060 2.485 2.787 3.078 3.725

30 0.683 1.697 2.042 2.457 2.750 3.030 3.646

40 0.681 1.684 2.021 2423 2.704 2971 3.551

60 0.679 1.671 2.000 2.390 2.660 2915 3.460

120 0.677 1.658 1.980 2.358 2.617 2.860 3.373

% 0.674 1.645 1.960 2.326 2.576 2.807 3.291

Table 4.4

Exploring Chemical Analysis, Fifth Edition
© 2013 W.H. Freeman and Company
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7171434 &3HA|(IDL, instrument detection limit)eh A | 2A CJAM=A1-S 7]7]7}
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A =FSHA (Limits of quantitation)
o Standard Deviation of the response and the slope
0 Quantitation limit (QL) = 100/S

o : #ZMX}, s : calibration curve?]7]-27] so] E& vt

r+

> A 0] 8 A2 245k o]of tigt #EHALE 3l 241 Al background
S3R8FTA B E 2= A=A Y calibration curves 511 3] 7] 4

(regression line)?] residual o U Y-A W] ¢ & BFTHAIE o] &
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A&7 (Limits of detection) (1)

o Visual evaluation

0 Non-instrumental methodsof] A&

o Signal-to-Noise

0 Baseline noiseE Y 4 Q= 24U A&

o A&3F 2 olL 3] A o] x| 74d: BlankQ] A|1Y

o UYHA Q] Signal-to-noise ration ; 3~2:1
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A& 34 (Limits of detection) (2)

o Standard Deviation of the response and the slope

0 Detection limit (DL) = 3.30/S

o : #ZHMX}, s : calibration curve?]7]-27] so] &4t

ALt 20| TS 2451 o] of it R EHALS L5

» ASSHA HYE xsh6l= B A FZAI9] calibration curveS Lot 37| A
(regression line) Q] residual c U Y-AHO] 0 & BFHALR o] &

o Visual evaluation

2 pf

(0]
B AA background &4

0 Non-instrumental methodso]] &-&

o Signal-to-Noise
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19] Signal-to-noise ratio ; 10 :1
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%Determmation of the Sfgnal-to-noise ratio [EN 1948-31]

Signal-to-noise ratio
« 10 x signal width %)
at half height

W harldpsennbinley

| WS
B T il At

y T ! ‘I__I I T
17.2 176 18.0 184 18.8 t92 " 20. 204 208

S  elgnal height
N  peak-to-peak-noise




Smallest concentration where the analyte can be identified.
Commonly defined as the minimum concentration of analyte in the
test sample that can be measured with a stated probability that the
analyte iIs present at a concentration above that in the blank sample.
IUPAC and ISO have recommended the abbreviation LD

CODEX Procedural Manual : The detection limit is
conventionally defined as field blank + 36, where ¢ is the standard
deviation of field blank value signal(IlUPAC definition)..........

; FOOD AND AGRICULTURE WORLD 7
. ORGANIZATION HEALTH
W ) OF THE UNITED NATIONS ORGANIZATION

71
-

International Union of Pure and Applied (B
"‘*&i}_;"

Chemistry




Limit of Quarftitation { 15 JUPAC

Smallest concentration of the analyte that can be quantified.
Commonly defined as the minimum concentration of analyte
In the test sample that can be determined with acceptable
precision (repeatability) and accuracy under the stated
conditions of the test.

CODEX Procedural Manual

Determination limit : As for detection limit except that 6
o or 100 is required rather than 3o.......

Determination limit = limit of determination

= gutitation limit = limit of quantitation ?
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The terms limit of detection (LD), limit of determination (LOD) and limit of
guantification (LOQ) are often used as synonyms, and there has been very little
agreement in their calculation in the practice of residue analysts. Therefore the
analysts should always report how the various quoted parameters were determined
or calculated. Though they may be the subject of justified criticism, and more
precise procedures are available and used in other areas of chemometrics12,13 the
procedures described hereunder may be used for estimation of approximate LD and
LOD. These values provide an appropriate starting point for the experimental
confirmation of the LOQ. It is emphasised that the reported LOQ must always be
supported with mean recovery and its relative standard deviation obtained with
spiking of samples at the reported LOQ.

Guidelines for Single-Laboratory Validation of Analytical Methods for trace-
Level Concentrations of Organic Chemicals (AOAC/FAO/IAEA/IUPAC, 1999)

L. A. Currie, Chemometrics and Intelligent Laboratory Systems,

1997, 37, 151. :

...... pitfalls in terminology, understanding, and formulation,

that have led to several decades of miscommunication among scientists and between
scientists and public... ...

21 SO en




CODEX ALIMENTARIUS REGULATION

Lowest Calibrated Level(LCL)

LCL: Lowest concentration of analyte detected and measured in
calibration of detection system. It may be expressed as a solution

concentration in the test
sample or as a mass and must not include the contribution from the blank

MRL (mg/kg) LCL (mg/kg)

5 or greater 0.5

0.5upto5 0.1 increasing to 0.5 for higher MRLs
0.05upto 0.5 0.02 increasing to 0.1 for MRLs
Less than 0.05 0.5x MRL

When the MRL is set at the limit of determination
of analytical Method, LCL will also be at this level

22 SO en




Minimum Level (ML; equivalent to the concentration
of the lowest calibration standard, assuming that all
method-specific sample masses, volumes and
clean-up procedures have been used)

MDL (Method Detection Limit)

A A/




e.g. 1) US EPA 40 GFR Part 136 ApD. B

The Method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported
with 99% confidence that the analyte concentration is greater
than zero and is determined from analysis of a sample in given
matrix containing the analyte

MDL = t(n-1, 1-0=0.99)e(s)
999% t-distribution (n-1), n=7, 3.143
LCL=0.64 MDL, UCL=2.20 MDL

-The MDL concentration does not imply accuracy or precision
of the quantitative measurement.
-The USEPA MDL is designed to control against false positives

at the 99-percent confidence level in an ideal matrix.

24 o n
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Z3HA(MDL) : XA 3 2R0] 7]17]1AE3FH] 71302 2R =
~5HH, EQQR| 8= 20~50H] A 29 v 2 XA|5to] 3 20L& 1:219]
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Examnles - How-to calculate LOD

SDA 4t
SD: EFHAL @Al 8o HEFEHA} or,
O 33ES) sz 71271 | ©21794 residual W or. FDA. 1997
@3 AA yd®o] mEmat
28 LOD = 3.3(s/S) +A3}st, 1998
@ | KX(Sy,/m) Sbl- 34129 SD LOQ = 10(s/S0 -
A=A 7187] ] Tyson Analysis 1998
[e}
) e = =<m-r | @AIAFE LOD or,
Al ZIE
@ |[3X(S,/m) > ;ﬁ]ﬂ X REVA | o7l e 2289 or, NIOSH, 1991
m. g4l 7]57] 3 1. o
OXEW FoI4 £ Fo2 MY
@ | 3xoy o, Al =2 SD David <, 1997
n, SAI =9
® | ptKpo, Kp: 3 ] Mocak 5, 1997
o, &Al& SD
7R o e 7 BXAM35lo] SDAAL | Standard method
1L} O W O Ruw O - v Tl —
© |3.14xSD | SDR2 5= SD |50 99)-3 14 1992

27 SO en
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" Howto‘talculate LOD

** In general
— Analyze the lowest standard solution 7 times
— Calculate SD
= LOD=3xSD

s Weighing method
= Sensitivity instead of LOD or
- 0.01 mg, or 0.001 mg
= LOD
— Measure blank filter 7 times
— Calculate SD
- LOD=3xSD

*+ Important to describe how to get LOD in your paper
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» Limit of Detection (LOD,Zd=3A])
- Definition: lowest conc. of analyte that can be successfully

detected

- Determination: signal-to-noise ratio (about 3:1)

% Limit of Quantitation (LOQ,AFsA|)
- Definition: lowest conc. of analyte that can be successfully

quantified (with acceptable precision and accuracy)

- Determination: signal-to-noise ratio (about 10:1)




.De'te[[ﬁih%tfbr’i'of LOD ahd LOQ

+» Multiple injection of samples at lowest concentration range
% The linearity results calibration curve

¢ Calculate SD of sample responses

» MSD: Mean of Standard Deviation

% LOD = 3 x MSD/slope (or LOD = SD x 3)

» LOQ = 10 x MSD/slope (or LOQ = SD x 10)

» MSD/Slope = Assay Noise

MSD: mean of standard deviation, SD: standard deviation




How to' handlefOD values (1)

.

Slmple method(Hornung

\W. =2(1990))

Estimation of Average Concentration
in the Presence of Nondetectable Values

Richard W. Hornung, and Laurence D. Reed

National Institute for Occcupational Safety and Health, Centers for Disease Control, Public Health Service,
U.S. Department of Health and Human Services, 4676 Columbia Parkway, Cincinnati, Ohio 45226

In the attempt to estimate the average concentration of a par-
ticular contaminant during some period of time, a certain pro-
portion of the collected samples is often reported to be below
the limit of detection. The statistical terminology for these results
is known as censored dara, i.e., nonzero values which cannot be
measured but are known to be below some threshold.

Samples taken over time are assumed to follow a lognormal
distribution. Given this assumption, several techniques are pre-
sented for estimation of the average concentration from data
containing nondetectable values. The techniques proposed in-

rlivda thres mathnde nf actimarinn writh a lafterancared laonnermal

permit lower levels to be quantified. However, despite
these improvements, it has been our experience that the
proportion of nondetectable samples in typical industrial
hvgiene data sets appears to be increasing. Therefore, a
method for handling nondetectable values when they com-
prise a sizeable proportion of a set of samples is essential
in producing accurate descriptive statistics.

The most commonly used descriptors for any data set

are the mean and standard deviation. When samples are
collected over time as with orah camnles within a dav nr

31 SO en
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; lmple method (ﬁornung W. =2(1990))

s The simplest way
» ND o|stg FA|she W : B o 7t
> 008 Alsthe U ov}?ﬂﬁﬂl T4 7t
> O] L= diH o uxs}

% Maximum likelihood Method => Finkelstein paper &%
BEE R g Qojof 3
A 22 Y Ol= censored lognormal distribution
dldlo] Bx1513, Xlg22] 50 % o]Ato] LODols}Y o] A&7}
50 % o] 42
* Cohen®9] Maximum likelihood Method
= NDoJ|5}9] o] AANe] H %RIX] 7|5t LODOJ/J9] 32 HH 2 JA|
= E7H5HA FH4S 714stojop & 2 Q7 QoW % LOD W AL, EEHRE 161K T A
% Simple approximation Method; LOD Z}-&
> % LOD 7t3
« X7} 0FoR X QAT J|stREMAL} 30]4ko]W LOD 3t 1/22 st 70| & 9hg.
> 1//2L0OD
» A}87} Wol x| x| K| ok uf.
o o, A2 A AL TEES BE BEAY 0

YV V VYV V
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. % 100%F1/£2 100,

LOD LoD

% LOD approximation 1/+/2 LOD Approximation (Triangle)
for highly skewed data for not highly skewed data

[

Hornungm RW, Reed LD., Estimation of Average concentration in the presence of
Nondetectable Values. Appl. Occup. Environ. Hyg. 1990. 5(1), 46-51

33
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How to harftle LOD valiies [2)

Exposure Estimation in the Presence of Nondetectable Values:

Another Look
Murray M. Finkelstein Dave K. Verma

In 1990, Hornung and Reed compared a maximum likelihood
estimation (MLE) statistical method and two methods involving
the limit of detection, L. The MLE method was shown to
produce unbiased estimates of both the mean and standard
deviation under a variety of conditions.

However, with advances in desktop computing in the past
decade the MLE method is now easily implemented in
commonly available spreadsheet software. This article
demonstrates how this method may be implemented using
spreadsheet software.
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Mty )t ) Limit test
Precision ..
Specificity eI Specificity L
HPLC/GC Linearity Specificity LOD Specificity
LOQ
Range
Precision . . pe .
Sple Ct.r‘opth Qto/ Linearity Pricg\gon Spe;f:(l)f[l)mty Specificity
colorimetric Range
Precision
Titrimetric Linearity Precision - -
Range
_ Specificity Specificity cee .
TLC LOQ LOD Specificity
Gel ~ Specificity Specificity e .
Electrophoresis LOQ LOD SpEeiely)




< mauje 2 75t7] 9la] Abdo] EAdo] Elojof & Al & 3 >

1) 5(Blank) A& : |4 63] o]} 9IS +4 &
2) 5349 =% ¥ A& : Y AH(intercept)S HASF A =% 7| 7] 3
3) 1 & 7|27 2 &l BEA £ 559 154 =0 A& : |4 63]

o] ¥t &4 2 response

o Oﬂ }\]

response %t

5 %(ppm) g3t
BEZFEA _Lv. 1 5 103.4
248 _Lv. 2 10 206.9
BEZFEA _Lv. 3 15 309.4
BEEZEA Lv. 4 20 415.1
BEZEA Lv.5 25 511.4
BEZEA Lv. 6 30 622.4
A2y e vk 3
2| 2(Blank) — 22.0 23.1 21.5 22.4 23.4 22.4 23.2
EFEA 1~5 H 100.2| 101.5| 103.2| 100.3 99.8| 102.4 104.5




S NEEE

1) blank 9] H#X| S &4 L3t} (22.57) & Y0
2) B2 EA0 s YA 2A 7]87] S it

o
ZAA 7187] : 22.726 (Y BH = 0)) :

N

3) ofl tit £F =4 E (BADE At (1.76)  S(BE w4tE)

9 Al 717l e e Aol 43
Ya = Yoank + 38 A2 HIFCO R

Yiank + 3S = 22.57 + 3X1.76 = 27.85(3S)7} 2| A A&t
3S/m (m= WA =% 7]&7]) Al vjgto g

27.85/22.726 = 1.225ppmo| A=3SHA| 5o of| F3ict.

2FAI(LOD) A4t




* Calculatiofi.of LOD and L0Q

ol 5= Response SD MSD Slope
mg/kg
0.5 0.09 (3 x inj)
5.0 0.05 (3 x inj) 0.073 0.729
10.0 0.08 (3 x inj)

LOD= 3 x 0.073/0.729=0.300(Response)
LOQ=10x 0.073/0.729=1.001(Response)
Linear Equation: Y= 0.729x + 0.103 (y=ax +b)
LOD= 0.729 x 0.300 + 0.103 = 0.32 mg/kg
LOQ=0.729 x 1.001 + 0.103 = 0.83 mg/kg




e =

carcmatmn of IOl -

1600

Lv Amount Response i A =
1 0.1 73665 g 1200
2 0.2 134276 ; 1000
3 0.5 363378 @ 800 -
4 1.0 713618 5 600 - y = 721127x - 2942.8
5 2.0 1440630 § R = GRS
8 400 -
a 7.21E+05 200 -
b -2.94E+03 0 ‘ ‘ ‘ ‘
0 0.5 1 1.5 2
Y=aX+b Conc. (mg/L)
n |Response Conc. (mg/L) Ave. (mg/l.))| STDEV RSD (%) | IDL (mg/L)
1 75668 0.1090
2 74861 0.1079
3 74146 0.1069
4 73349 0.1058
5 71722 0.1035
6 79950 0.1043 0.1036 0.0038 3.64 0.0119
7 69663 0.1007
8 69148 0.1000
9 67801 0.0981
10 69221 0.1001




e =

Lv Amount Response 1400 -
1 0.1 47814 o 1200 -
2 0.2 81743 8 1000 -
3 0.5 313869 v
4 10 602609 g 8007
5 2.0 1238548 g 600
@ 400 - y = 630799x - 22490
5 R2 = 0.999
a 6.31E+05 200 -
b —2.25E+04 0 ‘ ‘ ‘ ‘
0 0.5 1 1.5 2
Conc. (mg/L)
Y=aX+b
n Response [Conc. (mg/L)[ Ave. (mg/L)| STDEV RSD (%) [MDL (mg/L)| MQL (mg/L)
1 135245 0.2501
2 129130 0.2404
3 132957 0.2464
4 127835 0.2383 0.2443 0.0049 2.02 0.0155 0.0495
5 133915 0.2479
6 128146 0.2388
7 133986 0.2481




Precision

Accuracy

n Response [Conc. (mg/L)| Ave. (mg/L)| STDEV RSD (%) 7|=4F (mg/L)IMLCHEHE S (%
1 621011 1.0201

2 633021 1.0392

%) 625745 1.0276 1.0322 0.0086 0.83 1.00 103.22

4 629180 1.0331

5 634204 1.0411




e COVBI‘V r ate debeﬂUs OI'I thé COI’IC of analyte

Yo D
S g

Analyte Ingre. (%) | Analyte ratio Unit Mean Recovery (%)
100 1 100% 98-102
>10 101 10% 98-102
>1 102 1% 97-103
>0.1 1073 0.1% 95-105
0.01 104 100ppm 90-107

0.001 10~ 10ppm 80-110
0.0001 10° 1ppm 80-110
0.00001 10 100ppb 80-110

0.000001 108 10ppb 60-115
0.0000001 10° 1ppb 40-120

AOAC manual for the Peer-Verified Methods program




i

Analyte-conceéntration vs Precision

Analyte Ingre. (%) | Analyte ratio Unit RSD (%)
100 1 100% 1.3
>10 10" 10% 2.7
>1 10 1% 2.8
>0.1 10 0.1% 3.7
0.01 10™ 100ppm 5.3

0.001 107 10ppm 7.3
0.0001 10°® 1ppm 11
0.00001 10”7 100ppb 15

0.000001 10°® 10ppb 21
0.0000001 10°° 1ppb 30

AOAC manual for the Peer-Verified Methods program

43

SO en



- .

. a ot TR T4 " -
- For:.CoUex purpose; .

It Is over-riding importance that all data, when reported, should
(a) be clearly identified as to whether or not a recovery correction
has been applied and (b) if a recovery correction has been applied,
the amount of the correction and the method by which it was
derived should be included with the report. This will promote
direct comparability of data sets. Correction functions should be
established on the basis of appropriate statistical considerations,
documented, archived and available the client.

Harmonized IUPAC guidelines for the use of recovery information
In analytical measurement (CODEX CAC/GL 37-2001)
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S Neﬁ\l Terms

Lower bound values correspond to the sum of measured concentrations
assuming values for all non-detected (ND) congeners as well as values <LOQ
(smaller than limit of quantification) equal to zero. Congeners were recorded as
ND when signal to noise ratio (S/N) for a given peak was lower than 3.

LODs were defined as this S/IN> 3 value plus three times the standard deviation
(SD). LOQs were dfined as this S/N> 3 value plus 10 times the SD.

Middle bound values were calculated using half of LODs for ND congeners
although whole LOQ values were used for upper bound calculations.

; JECFA - Monographs & Evaluations POLYCHLORINATED DIBENZO-
DIOXINS, POLYCHLORINATED DIBENZOFURANS, AND COPLANAR
POLYCHLORINATED BIPHENYLS (JECFA 48, 2002)

PCDD/DFs : Lower bound values , Middle bound values , Upper bound values

45 o n




(UB-LB) x10(|)/UB = 100% (UB-LB) x100/UB = 33%
= 40%

Tahle 1
PCDD and PCDF mmmraﬂi& {pz WHO-TECYg fat) in various fast food samples issued (rom different countries

PC ations (pg WHO-TEQ g lat)

McDonald's McDonald's Pizea Hut's
rispy Chicken Deluxe™  Fish Filet Deluxe™ Personal Pan Pizea Supreme™

wer  Middle Upper Lower Middle Upper Lower Middle  Upper
und®  bound  bound bound®  bound  bound  bound®  bound bound

Sydney . . . LEXEH b4 0.79 011 046 082 LEREH 5 0.79
iAustralia)

Adlanta 021 0.
ILUSA)

Ithaca (ERLY 0.47 85 0.20 0.54 (B8 LY .4
(LSA)

Zurich 015 030 086 LHEEY (&b 0749 LY .40
(Switzer-
land)

Bratislava 0.a7 087 1.07 020 0.56 0493 (.00 040 079 0.12 0.47 082
iSlovakia)

Bruges - - - - - - - - - 0.03 .42 081
(Belgium)

Waterloo RS 0.43 (TR 003 0.42 81 LY .4 079 LY O, b 0.79
( Belgium)

Liege 0.02 .41 0.79 XL b4 0.79 007 043 084 LEREH L TH 0.79
| Belgium)

A value of 0.0 is listed For clarity when values are <0005 due individual congener values <LOC) or ND.

087 - - - HELL .40

Levels of PCDDs, PCDFs and PCBs in Belgian and international fast food samples
J.-F. Focant *, C. Pirard, E. De Pauw, Chemosphere 54 (2004) 137-142
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Within Laboratory Method Validation Criteria for
Analysis of Pesticide Residue and Veterinary Drugs

Concentration Repeatability Reproducibility Truness

CV,% CV,. % CV,% CV, % | Range of mean %
recovery

v'CV,: Coefficient of variation for analysis excluding sample processing. The
parameter can be estimated from tests performed with reference materials or
analytical portions spiked before extraction. A reference material prepared in
the laboratory may be used in the absence of a certified reference material.

v CV,: Overall coefficient of variation of a laboratory result, allowing up to
10% variability of sample processing.




CODEX Aumerﬁlus REGULATION

Within Laboratory Method Validation Criteria for
Analysis of Pesticide Residue and Veterinary Drugs

Concentration Repeatability | Reproducibility Truness

CV,% | CV;% | CV,% | CV;% | Range of mean
% recovery

<1 ug/kg 35 36 53 54 50-120
>lug/kg <1 mg/kg 30 32 45 46 60-120
>0.01 <0.1 mg/kg 20 22 32 34 70-120

>0.1mg/kg <1 mg/kg 15 18 23 25 70-110

>1 mg/kg 10 14 16 19 70-110




" Exampl€.of LOD & L0Q.

< ¢l £3 data

Conc. (mg/m?3) ST/IA
ST. 1 0.1690 1.0922
ST. 2 0.6758 4.3124
ST. 3 1.3517 8.6056
ST. 4 2.7034 18.0400

- ST/IA : area of standard solution/area of internal standard




" Exampl€.of LOD & L0Q.

1.

XAl (residual differencel& 0120}

rir

a4

ST. 1 0.1690 1.0922 0.9387 0.1535
Y=6.6989x -
ST. 2 0.6758 4.3124 4.3337 -0.0213 0.1934
ST. 3 1.3517 8.6056 8.8615 -0.2559 | R=0.9996
S=6.6989
ST. 4 2.7034 18.0400 | 17.916 0.124
mean 0.000075
SD 0.1870

- LOD = 3.30/S = (3.3 %+ 0.1870)/6.6989 = 0.0921 mg/m?3
- LOQ = 10 /S = (10 *0.1870)/6.6989 = 0.2792 mg/m?3




2. d8U9 g 0|20l

a4

ST. 1 0.1690 1.0922 -0.0399
ST. 2 0.6758 4.3124 -0.2147
ST. 3 1.3517 8.6056 -0.4493
ST. 4 2.7034 18.0400 -0.0698
mean -0.1934

SD 0.1868

Y=6.6989x - 0.1934

- LOD = 3.30/S = (3.3 # 0.1868)/6.6989 = 0.0920 mg/m?3
- LOQ = 10 /S = (10 *0.1868)/6.6989 = 0.2789 mg/m?




" Exampl€.of LOD & L0Q.

3. M¥™3Hlinearization) ¥ &T0| HO| A& 0|20l= WY

ST. 1 0.1690 1.0922 6.4627 Y=6.6989x - 0.1934
R=0.9996
ST. 2 0.6758 4.3124 6.5558 S=6.6989
ST. 3 1.3517 8.6056 6.4038
ST. 4 2.7034 18.0400 6.6371
mean 6.5148
SD 0.1028
SD/mean
0.0158
(HolA4)

- LOD = 3.3* Ho|A 4 * F]A5% = (3.3 * 0.0158)*0.1690 = 0.0088 mg/m3
- LOD = 10 * Ho|A| 4 *+ 2|45 %= = (10 * 0.0158)%0.1690 = 0.0267 mg/m?3
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