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FDA Systems Based Inspection:
Laboratory System

Feb — July 2002: 212 Inspections (US)

Method
Validation Training/Qual.
13% 4%

Controls. General
35%

Stability Program
21%

Inadequate
Records
27%

* Reference: Albinus D’ Sa, FDA, CDER Office of Compliance, from AAPS, Nov. 2002 presentation.
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When expressing results of analytical measurements you
will need to bear in mind the 3 inter-linking parameters of:

Will the results

be traceable
to an accepted
reference
standard?

Has the method
been validated
and it is fit for

purpose?

VALIDATION

TRACEABILITY
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g| International Primary Standards, set by
_ International Committee of Weights and Measures
Units  (cIPm) (Paris)

Primary Maintained by National
standards Measurement Institutes

Used by industry and checked

Industrial reference standards periodically against Primary
standards

Industrial working standards

Balances, thermometers, pressure
gauges etc found in laboratories
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Quantification | Quantficabionand | Qualifative | Quantification and analysis ofai.ina | Quantification
and analysis of | analysis of significant | analysis of low matrix (farmulation) and analysis
a..intechnical | impuritie (>0.08 % | level impurities ofa.l.in
matenal andsubstancesof | (<0.08%)n drinking water
toxicological concemn | fechnical 0.1gl")
below this level) in matzrial
technical material
High Concentration Low
(=1 %owiw) Conceniration
(<1 %owiw)

Accuracy d X d d Y
Repeatability d X d d Y
Reproducibility Where the method is to be used in other [ahoratoriss reproducibility should be addreszed
Specificty d d d d d d

10D X X v X v v
100 X X X X v v
Linearty Y d . d X Y
Ranqg ¥ v £ v v ¥

Robustness

Robustness should be addressed az part of the method development




Deviation from the AOAC-
CIPAC procedure

 Regulatory laboratories are forced to deviate
from the CIPAC procedure If they have to
analyze a number of different pesticide products.
as they cannot change columns and eluents
after each product or on daily basis due to cost
and time restrictions.

e deviation: at the determination step? sample
preparation? extraction can be carried out
according to the CIPAC or AOAC procedure ;
use of large amount of very expensive analytical

standards?

= D>




Application of CIPAC method:

e Blank formulation or no interference proof are
necessary when apply with new formulations.

* no Interface proof by different columns etc.



Method Validation for the active

substance
Frreh: T3Hi4< 3% area
&tk. + —20%: r>0.99: 3X2or 1*5level
,/Agcuracy: [N 7, 77BN AE TP a2 T L v pe

/X o
HLRN: 2S5 TEL, 775 R M orwitz JifE,

% Analyte Proposed acceptable | .
(Horwitz value x 0.67) %
RSDR = 2(1-0.5 logC)
100 1.34;50 1.49

20 1.71; 10 1.90
S 2.10; 2 241
1 2.68; 0.25 3.30

Coefficient of variation (%)
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Method Validation for relevant
iImpurities
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Guidelme confidence mfervals for % mean recovery from preparations, based on
consultation with Industry, are as follows,

Yactive (nommal)  mean % recovery

>1( 98-102
110 97103
<] 9-103
0.01-0.] 90-110
<(.0] 80-120

% mean % recovery
mpurities(nominal)

>] 90-110

0.1-] 50-120

<[] 75-125




SST:

5.1 Default Values from Regulatory Guidelines

There are numerous guidelines which detail the expected limits for typical chromatographic methods. In the

current FDA guidelines on "Validation of Chromatographic Methods" | the following acceptance limits are
proposed as initial crniteria:

Parameter Limit

Capaﬂi’[y‘ factor

k> 2

Tailing factor

Theoretical plate N = 2000

These suggested limits may be used as a reference to set up the initial system suitability criteria in the early
method development process.
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Table 1 System

performance check

5-Jun-06

Raw data file: IAEATEB Evaluation based on: peak area
2
Solution | Tebuconaz | Di-cyclohexyl Phthalate
ID ole
Analy | Run No | Injected Std As,i Istd Ratio, Yi Rt (AS) Rt (As)
st Ais,i
RVO | 005B04 | Tebu 1 144.56032 | 175.800 0.82230 5.159 7.602
01 35
005B04 | Tebu 5 141.04211 | 169.978 0.82976 5.162 7.605
05 41
Mean 143.3894 | 173.904 0.8246 5.160 7.603
8
SD 1.3800 2.3037 0.0030 0.001 0.002
CV 0.0096 0.0132 0.0037 0.000 0.000




Change of peak shape and
RRT

1 EPTC 1- peak shape after the system
maintenance;

RRT Asym 2 — after Injection of 20 sample
1 0.403 0.92 extracts,

' ' 3 — after injection of 40 sample
2 0.403 1.01 extracts
3 0.402 0.95

1 Chlorpyrifos Ethyl

Asym

1.21
1.22
1.60

Dimethoate

RRT Asym
1 0.690 1.56
2 0.691 1.82

System suitability tests (SSTs)
3 0.708 3.33




b i 2k

R Slope (T EASTEHE? )

#EE Intercept (R] &5 VE HE 2

F1% 2 % Correlation Coefficient (R12>0.997)
77 72 Variance

FHXT 5% 2 kR UEAR 2= Standard deviation of relative
residual (SS< 0.01 or 0.02)
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Fig. 9.2 Residual Plot



Run No Standard f,
solution ID C.i
004B0501 Tebuconazole 1 0.29123426
004B0502 Tebuconazole 1 0.29123426
005B0801 Tebuconazole 2 0.24258232
005B0802 Tebuconazole 2 0.24258232
006B1001 Tebuconazole 3 0.19303416
006B1002 Tebuconazole 3 0.19303416
Slope a: 3.404088617
Intercept b: 0.007455547
r: 0.9999
sYrel.: 0.0028




Chlorpyrifos methyl as an example

Slope a: 0,3054

Intercept b: 0,0087 =07 statistically
r: 0,9998 >0.9977

Srr: 0,0058 <0.01 or 0.027?
Calibration Equation: y=0,3054x+0,0087
Column: CP-Sil 8




contribution of residual plot in
regression

Fig. 9.2 Residuaal Plot-

An ideal residual plot should be random!
Standard deviation of relative residual, namely
Srr, should be <0.02




Conc.

Example of Srr calculation

ratio

0. 51296

0. 51296

0. 83108

0. 83108

0. 99926

0. 99926

Peak 1

231240

237663

405285

410041

503018

005447

Peak Area of IS

745507

761721

173240

782121

809940

803818

Peak Ratio

0. 310178

0. 312015

0. 524139

0. 524268

0. 621056

0. 623308



df 33 MS P Significan
ce I
EIEEST ;0 10;2 0. 10;2 3714é;l A SAR-07
ik g Y 00(1)1 2. 76]35
it 5 10
Coeiide oDt stat vjl_ue Lower 9% Uggir 9755 Kg&% 9? |z§%

Intercept 001984 - OOSZ 5 311; 0. 08;2 0. 04367 0. OOSZ N 0436; 0. 0039‘;91
Slope 0. 648550 Y- Olg? 60. 942 1. 342; 0. 619007 0. 67§(7) 0. 6190(7) 0. 67802



RESIDUAL OUTPUT

Observe Pred. Y Residual ST residual Relapive
Residual

1 0. 312841 —0. 00266 -0. 56641 -0. 00851
2 0. 312841 —0. 00083 -0. 17581 -0. 00264
3 0.519158 0. 00498 1. 059324 0. 009593
1 0. 519158 0. 00511 1. 086826 0. 009842
5 0. 628232 -0. 00718 —-1. 52641 -0. 01142
6 0. 628232 0. 000576 0. 122471 0. 000916

SIT: 0. 008931

Srr<0.01 or 0.02 Acceptable!
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0. 01

0. 000

—0. 005

—0. 01

X Variable 1 Residual Plot

X Variable 1




Another example of bad calibration

r>0.997?; b=0?; and residual pot? ; Srr<0.02?

lggg i y = 1.0658x — 215.33 X Variable 1 Residual Plot
800 R? = 0.9957
700
600 50 %
500 I
400 H p 4 . | g
300 | 4% 0 . $ 3 f
200 - 200 400 600 800 1000 1200
100 | =50
0 | | | | | |
0 200 400 600 800 1000 1200 X Variable 1 i
PR R
Coeffici Lower Upper 95.0 95.0
ents IpifEiRZE t Stat P-value 95% 95% % %
Intercept -215. 333 16. 27713 —13. 2292 1. 16E-07 -251.601 -179.066 —-251.601 —179. 066

X Variable 1 1. 065833 0.02215 48.11808 3.63E-13 1.016479 1.115187 1.016479 1.115187




Solution?

v'Bracketing method for calibration ?



Q: XUAES Uk — & = 0 A ] -1

TR BCOREX A ARIEI B IR B,  (CVra =
1.5%). Xt [Rl— 3R BOR A& & 77 #4173
XU 5E -

CPSIL8CB 0.535 mg/ml :
CPSIL5CB 0.562 mg/ml.

| N

Q: IR G R e B A Z+? —> 2l
WA TP ?




. ‘;1‘;2‘ 2 _ (n, =1)s +(n, —1)s;

S\/1+1 Sp n1+n2—2
"IN, N,

e The calculated t value is 4.018,
e t200=0.05, v=4=2.776

 The difference is significant (5.9238%). The
results indicate the possibility of impurity.



Summary of most commonly used
QC activities

« Analysis of reagent blank

« Analysis of blank samples

e Duplicate analysis

e System suitability tests  (SST)
e Spike or Recovery samples

« Efficient use of control charts

e Blind samples

* Participation in collaborative studies,
proficiency tests
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SOP of QA QC:
File: 4391.pdf

Effective Date: 1/15/2009
Revision Date: 1/15/2009
Revision Author: A. Niculescu

GC-001-2.10

Quality Assurance/Quality Control in the GC Pesticides Laboratory

1. SCOPE AND APPLICATION

1.1. This SOP details the Quality Assurance (QA) and Quality Control (QC) procedures for the GC-
Pesticides Work Group.

1.2. Quality Assurance consists of all of the practices undertaken in a laboratory to insure the data
generated are as accurate and precise as possible. It includes not only quality control measures,
but can be as specific as the cleaning of glassware and preparation of standards. This SOP will
concentrate on Quality Control measurements that are used to measure and track the Quality
Assurance in the GC Pesticides lab. It will touch briefly on some general guidelines for QA.
Refer to the individual preparation or analysis SOPs for more specific details on QA.

1.3. Most of these QA/QC practices described are common throughout the Chemistry Section.



~ T\ 2=
e VA= =]

S5 = A A

EE gl

I BE L DR 2= A H
LI R Gk 2
}I%ﬁﬁﬁ)ﬁ%%%ﬁ
v AN VR B 2 TN A
i~ O

Jo e A

S5 =5 A i A7

o SN

o KILFRGLIRE N SLL
=[] ke 1 ] B

o PHUrSEEE = TR R
GEA T AT HE ST

s U2 INY
PRESIZYS 5 ) LX)



Al o e T B

o WU HAEE A S
Zm, VI —FOA, e R Aok
PEAE N M ERF T IR 52

H>I

o SIS ARG FE ) I Performance
Test:
AT HI G I SIREAS, DLk SERI S 1% SE 5
ESE R T ANAR: IR 7 W T/




CNAS—GLO2

RE NIWIELE R AV G AL 2N
RE 11T R R

Guidance on Statistic Treatment of
Proficiency Testing Results and
Performance Evaluation
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Structural changes from G13 and
Guide 43 parts 1 and 2

 Technical Requirements come before
Management Requirements

e One part with 3 Informative Annexes
rather than two parts
A: Types of proficiency testing
B: Statistical methods for proficiency testing
C: Selection and use of proficiency testing

1ISO 17043



Introduction — Types of ILC’s - PT

. evaluation of the performance of laboratories
and monitoring laboratories’ continuing
performance;

. Identification of problems in laboratories and
Initiation of actions for improvement;

establishment of the effectiveness and
comparability of test or measurement methods;

. provision of additional confidence to laboratory
customers;

. Identification of interlaboratory differences;

education of participating laboratories based on
the outcomes of such comparisons;

. validation of uncertainty claims;



Introduction — Types of ILC’s
not PT

h. evaluation of the performance characteristics of
a method,;

I. assignment of values to reference materials
and assessment of their suitability for use in
specific test or measurement procedures; and

. support for statements of the equivalence of
measurements of National Metrology Institutes
through "key comparisons"” and supplementary
comparisons conducted on behalf of the
International Bureau of Weights and
Measurement (BIPM) and associated regional
metroloav oraanizations.
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tolerance limits for pesticide
products

* According the FAO Manualli], the active
iIngredient content of technical materials
should be expressed as:

 "The [ISO common name] content shall be
declared (not less than ...g/kg) and, when
determined, the mean measured content
shall not be lower than the declared
content.”



* The active ingredient content of technical
concentrates and formulated pesticides
should be expressed as:

e “The [ISO common name] content shall be
declared (g/kg org/lat 20 = 2" C,) and,
when determined, the mean measured
content shall not differ from that declared
by more than the following tolerances:”




Table 1. Tolerance limits for active ingredients of pesticide products«

Declared content 1n gflkg or g/l at Tolerances
2025
up to 204 + 15% of the declared content for hotmogeneous
+ fortnulations (EC, 5C, 5L, etc.), or +
+ + 25% for heterogeneous formulations (GE, W3,
+ etc.) +
abowe 25 up to 100« + 10% of the declared contents
abowe 100 up to 250+ + 6% of the declared contents
abowe 220 up to 200+ + 5% of the declared contents
abowe D00+ + 25 gfleg or gil +
+ +
MNote Ineachrange the upper 4
lirnit 15 mncludeds

Where the formulation containg more than one active ingredient, specifications
must be provided for all active ingredients present.«



* As the tolerances for pesticide product

generally correspond to the 95% confidence
level,

e thus standard deviation of the variability of
active ingredient content, ST, can be derived
from the tolerance intervals (T) specified for
the mean measured content of the product:
ST =T/1.96,

o (for practical purposes ST = T/2 may be
used).






Table 2. Tolerance intervals and performance characteristics of CIPAC methods for some
pesticide formulations-

Artive Form | + Tolerances | Content, ¢ re Re See | CWYed| Spiize Q_ gl
ingredients u- Yoo |gkge |glge e e glge a a m

Glyphosates SGe 25¢ 73le | Bto 11e| 11to 1443525000 0.542.770-3.534 12,26

25¢ 274 B 14+ 5000 033 3.53 12.59

Flusilazoles WGe | 6o | 11,829 197 e 16 5.71 1.27 4.04, 445,

ECe Se | 12850 257¢ 12¢ 16 5.71 1.67 4.04, 516

o (e 396 16 25¢ 5.53 1.44 631 785

Methomyle WPe | 6o | 14040 244e 9e 14+ 5.00 1.32 3.54 6,58

TLe Se | 1480 298¢ a B¢ 2.86 2.02 7335

Metsulfuron- WGe | e | 12720 212¢ Gto e | 6to e |214-321  1.52]1.52-2 25 6. 08

methyle

¢ | 300350 &07e | 15to 194 19 to 204 .14 112 5.05 14.64,

Proftenctose ECe Se | 2240 44Be B¢ 15¢ 5360 0.64 379 10,75

Se | 1760 35Ze 9e 23¢ 5.21 0.91 581 655

Propinebs Whe a 25¢ F00e 10+ 28 10,360 0.51 732 10.44,

Cuinclorace WPe | Se 25¢ 500+ 230 26¢ 5.29 1.64 6.5 10,544

WiGe a 25¢ FE2e 26e 424 15.00 1.22 10614 708

SCe bo | 13040 218¢ 12¢ 18¢ 643 1.26 4.55 4.9,

Triazephose ECe Se | 24850 433e 12¢ 12¢ 425 0599 3.03 10,62

570 12¢ 24 8.57 6. 06

ad |

| 1

075

11,22

1

LT R " T T A

L T T T T T



within laboratory Sra < 1.5 CIPAC Sr
. (Sra ~ Sr).

S, =S5 +S"






Table 3. <

possibility of reducing ST

values calculated for various Sy, and n assuming S, =1+

Ra
¢ Sga Values o

11+ e = 1o | Bpa=1.50] Se=2e | Bea= 2.5 5y = 30
2 1.00- 1.27¢ 1.58¢ 1.90- 2.24¢
3 0.91« 1.12+ 1.35¢ 1.61+ 1.87¢
4o (.87« 1.03¢ 1.22¢ 1.44¢ 1.66+¢
Sa (.84« 0.97« 1.14+ 1.32¢ 1.52¢




100.00

.00

30.00

Percentage reduction of tolerance interval

70.00 | |

Number of replicate analyses

—4— Sra’Sr=1—"—Sra/Sr=15 —&— Sra/Sr=2 —— Sra/Sr=2.5 —— Sra/Sr=13




 Testing the minimum active ingredient
content of technical active ingredient



 The FAO Specification declares the
minimum a.l. content, e.g. 950 g/kg. The
mean a.l. content should not be

significantly lower than the declared
content.
(s

Jn

u =< X +



Testing the minimum active
Ingredient content of technical
active ingredient

Table A9a. Significance limits | (}l ) for the differences between the mean of a sample and a
E.H

hypothetical mean

x-u

Signilicance limits- for the difference between the mean ol a
sample and a hypothetical mean |

Ja all
—_ \ i |
- 53 | K2R % 16
X ,Ll ] (ki 2 3.0 &' 17
) S— 3 | 17 1.31 139
5 07 R4) 1.3
n 1 i " [ 628 0y
? | 133 i 57 0.1
1 iR (2424 0,44 |
9 L 374 L AD
1 ‘ ) 0,313 0.4+ |
11 i {2 .40 as
¥ G ). 38
|:- ': 256 "_-lr |
14 I, A70 o ! 01 |
15 | 1 3] 0, 160 0,197 { ! 0.2
| l 0 15%] | L m3
X< U K} 17 | 01 0 1ad e
B | Sl | iy | o %
I



Impurity tests

« If the measured impurity Is significantly exceeds
the specified limit or not.

(S

m< X - \m
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Observed value:

Xl =
where

m+B +e

M: L&
B IS bias
e is PENLIRZ;

H: often not known

uis H-
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Fig. 2. A'top-down' view of the experimental design of mea

erments for calculating uncertainty. O
X,

tent runs (=1, ..., ;i of an analytical method are

petfarmed in several laboratories (=1, ..., gh to provide a mean valu

. The randam errar of individual results, £ the run hias, &y, the labaratary bias, &35, and the method bias, Spethog, are shown.

A: Sr: B:run bias; C: lab bhias: D: method bias
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Figure A4.2: Uncertainty sources in pesticide analysis

Repeatabllty '{T] Calibration e W'?m
l{op }—= . ! Linearity '-.;-:—Puritﬁ_,r (ref)
I{ref}— )H.ll H'.H m(ref) i‘_ H\II "an
ml[reﬂ—)-i\.l\ "l.lllll Temperature Calibration \ Temperature—)-:‘.ﬁl
V(refl— \ \ \ \
iluti - Vv ff‘ y , Calibrati H‘
dI|U'[IDI‘|—)-'.II Calibratio (re — )-l“-, al ratH:nn—:-a.Hl
V(op) 1--3.HH \ \ \
miﬁample)—)"j‘ ;4 dilution 5‘ —:-ﬂ \ 4 g‘ .
- . |
f."'f Illlff III.-"I migross) | )-EL
/ / [ Linearity —/ / m(tare)
,.’Illll i Il,-’ll II.-"II IIII,." [~ Linearity
| / Calibrati rr—)-ll-; / j /
;; f;' e / Calibration ;‘I /
."II / / j-'lll Calil;:ratic-n

! | /
F{hom) Recovery I{ref) m(sample)



« X = Average(Xi) +(-) t* Sigma * /
Squareroot(n)
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PART 2 - PROPOSED EXTENSION OF CAC-GL 59-2006:

PRACTICAL AND SIMPLIFIED MU ESTIMATION BASED ON TOP-DOWN APPROACHES
Underlying principles, formulas and statistics for PT based estimation of MU

Within-laboratory reproducibility standard deviation 1s combined with estimates of the method and
laboratory bias using PT data:

U = k*u = E."IHI(RH.)J +u (bias)’
where:
u (bias) = ﬂh."l RMS bias” + (Cy)
and:
f RS
: | bias ;)"
R-'}IS bias == | Z[: )

ﬂlil i

and:

_ N
U (Cg) = - Pesticide Residue Workshop, April 28th, 2009, Beijing
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Table A4.4: Uncertainties in pesticide analysis

Description Value x Stﬂﬂfdﬂf'ﬁl Relative standard |Remark
uncertainty #(x) | upcertainty u(x)
Repeatability(1) 1.0 0.27 0.27 Duplicate tests of different
types of samples

Bias (Rec) (2) 0.9 0.043 0.048 Spiked samples
Other sources (3) 1.0 0.2 0.2 Estimations founded on model
(Homogeneity) assumptions
Py - - - - 0.34 Relative standard uncertainty

u (P, ) -

- —1.,'137" 2 +0.048% +0.2° =0.34
F ap

= u, (P,)=034xP,
' Pesticide Residue Workshop, April 28th, 2009, Beijing
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T ESIE Control charts

\=1l

application of outliers test; Dixon’s Q and

Grubbs for screnini of the data

application of the classical statistics.
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Upper Action Line:. ./, + Bﬁqu’ﬂ +
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Target Value: i/«

Time
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shiewhanrt Chart for NMieamn Values

For 95% confidence limits: m
For 99.7% confidence limits: m
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o 7. CD/H: critical difference.

« CR=T * o *sqrt(2).

— f (CR factor) depends on the probability level to
be associated with the critical difference and on
the shape of the distribution.
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» the repeatability limit r=2.8 o,

e the reproducibility limit R=2.8 o,.

~or R and r, the probability level is 95% and
we assume an approximately normal distribution.

« Under these conditions, fis 1,96 and fsqrt2 is 2,77
(we use a rounded value of 2,8).
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o i Hﬁjgﬂ;i:i EE;&#H ﬁlﬂfﬁﬁ ﬁ&mnsﬁ:l Eﬁ:ﬂﬁ ﬁﬂflﬁ
1 A il 0.01 (. 001 1 0.0018 1 0. 06 0.11
2 e 4 B e 0.01 0.000 9 0. 001 2 1 0. 10 0.15
3 Gl 0. 01 0. 000 8 0.001 8 1 0. 08 0. 14
4 ﬂirﬁﬁﬁﬁ o 01 o 000 5 0. 001 4_' 1 0.12 0.17
5 EHEE 0. 01 0.001 1 0,001 1 1 Q.12 0. 14
6 PR 4 T 0.01 0.001 0 0. 001 6 | 0. 09 0.13
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i

response factor

average response factor

areda of sulfotep peak in the calibration solution

area of sulfotep peak in the sample solution

area of internal standard peak in the calibration solution
area of internal standard peak in the sample solution
mass of internal standard in the sample soluton
mass of internal standard in the calibraton solition
mass of sulfotep in the calibraton solution {g)

meass of the intact smoke tin (g)

mass of the empty smoke un (g)

purity of sulfotep reference substance (g'kg)
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Repeatability r = 11 gkg av 172 gkg actuve ingredient content
(small tins)

3 g'kg at 178 gy active ingredient content (large
tins)

Reproducibility R = 28 g/kg at 172 ghkg active ingredient content
(small bing)

10 gkg at 178 gkg active ingredient content (large
tins)




CV, values of accepted CIPAC methods

CV, %
’ (CV, calculated from r values, extracted from CIPAC volume H-K)

analysis
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| o, and o of the measurement method are known.

Start with two results

Yes (x1+xa)/” Is the final
quoted result

Obtain two further results

Yes (X]+X7+X2+X4)/‘4 Is the final

Xmax = Xmin < CRy.0s(4)
quoted result

(X2y+%(3))/2 Is the final quoted result

Where
x>, 1s the second smallest result

X3, 1s the third smallest result
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RRFL 4T (CIPAC E p.69).

r =7 g/kg at 463 g/kg a.l. content.
R = 20 g/kg at 463 g/kg a.l. content (18 results)

We obtain 2 test results: x,= 451 and x,= 457 g/kg
IX1-X,|= 6 <1, so the final quoted result is
(451 +457)/2 = 454 g/kg.
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Start with two results

Yes _ (x11x2)/2 Is the final
i quoted result

\Obta'm one further result \

Xmax = Xmin < CRo.05(3) Yes _ (x1+x2*x3)/3 Is the final
e quoted result

X Is the final quoted result

Where
X(2, 15 the second smallest result
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The next time we obtain: x,= 453 and x,=468 g/kg
[X;-Xo|= 15 > r. We shall obtain 2 further results.
X,= 460 and x,= 450 g/kg,

— the CRy g54 = f(4) o,

~- r=2.8c, 6,=1/28=7/2.8 =25 g/kg
f(4) = 3.6, therefore CR g5 = 3.6%2.5=9

T
N\

We calculate x..,., - X.,;,, = 468 -450 = 18 > 9

In this case the median (*'{H)  of the 4 results is
reported as the final quoted result. 450, 453, 460, 468,

so X = (453 + 460)/2 = 456 g/kg .

WX - X < CR, NJgh BN 2R 7 A PY I g /-1 32
{EO
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Method A

Replicate 1 Replicate 2

Ara

0.532

0.52
0.535
0.517
0.529

0.545

0.53
0.531
0.526
0.523

0.007447

Average

0.5385
0.525
0.533

0.5215
0.526

Ry

LU

Method B or reference method

Replicate 1

0.518
0.538
0.527
0.513
0.521

Replicate 2

0.524
0.523
0.519
0.531
0.528

Average

0.521
0.5305
0.523
0.522
0.5245

Average
SDdif

t
t

calc™

crit—

Difference

0.0175
-0.0055
0.01
-0.0005
0.0015

0.0046
0.009127
1.126991

2.776



0. 4500 y = 0.9121x + 0.0054

0.4000 R® = 0.9607 7
0. 3500 //’
0. 3000 o
0. 2500 =
0. 2000
0. 1500 ~
. /
0. 1000
0. 0500 pa
. /
0. 0000

0.0000 0.1000 0.2000 0.3000 0.4000 0.5000

© 0 N O O b W DN P+
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w N P O

Lab 1

0.0266
0.0256
0.0710
0.0334
0.0087
0.0123
0.0269
0.2810
0.3550
0.2610
0.1030
0.1240
0.4450

Lab 2

0.0259
0.0279
0.0709
0.0352
0.0062
0.0118
0.0249
0.2910
0.3800
0.2240
0.0920
0.1370
0.3610

Rl'Rz

0.0007
-0.0023
0.0001
-0.0018
0.0025
0.0005
0.0020
-0.0100
-0.0250
0.0370
0.0110
-0.0130
0.0840
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o X [E—FEA ] =L i 25 BN
Cmax-Cmin< 3.31*r/2.8

BEMAN TR 437 1R] 2203 AL -
Amax—Amin<3.64*CV*Xmean




T3 T [R) — FEAS ) =/ BB ) 25 54

RATIO of AS/IS Content Average SD CVv

1.12616 39.35703 39.28324 0.10436 0.26565
1.12193 39.20945
1.10382 38.39576 38.31078 0.12017 0.31366
1.09893 38.22581
1.11266 38.75563 38.59627 0.22537 0.58391
1.10351 38.43691

Cmax-Cmin: 0.97245

3.31*%r/2.8: 1.773214

r=1.5




SIS 5 N HIS P A 45 R B LUAS T 5

group 1 === n, results giving a mean of y,
group 2 —> n, results giving a mean of y,
the SD of (y;-Y,) Is:

(1 1
o=,l0; +
nl n2

and the critical difference for |y,;- y,| at 95%
probabillity level is:

1 1
2n1+2n2

CD:2.80,.\/
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* lab.1 —— n, results giving a mean

of y,
e lab. 2 = n, results giving a mean

of y,

 under repeatablility conditions, the SD

P 1 1
(yl'yz) IS o= _|c}+ n—af +o] + n—af
1 2

 and the critical difference for |y;-y,| Is:

2 1 1
CD= (280 285 ) (11— —
J( ) +(2807)%( )




I._l
P

Eepeatability * | Reproducthility standard «+ | Between-laboratories + .
standard dewation 3¢ | dewation Sge variahility Sp
Split lewels = 2 3 T ¢
- 2L - 1) 1 5 1 5
Y ouden patrs)e ’ a - _ it - _ _
(¥ ouden J T _E{x 0?2 + 5 ° _Er;x nt
Umnform-lewels 7 — .2 + a
L5 o \/‘—‘ %~ %) o Similar for bothe
2p -1

P

D: Difference between the 2 values obtained in one laboratory
p: number of laboratories or differences.
N: number of data of all laboratories.

These formulae are valid for n = 2 replicates. If more are performed, please refer to the |



sl A, B, C = ANLEANA] R BN
¥ /\AB AT T, SR

hE

A dl Bdl |Cdl |Ad2 Bd2 ([(Cd2

0.43 0.51 0.5 0.51 0.49 0.47

0.52 0.5 0.48 0.5 0.48 0.49

0.5 0.53 0.48 0.48 0.51 0.51

0.49 0.5 0.52 0.49 0.47 0.54

0.51 0.52 0.46 0.56 0.49 0.5




1) A, B, C =M AR ER H?

Sa,v=12 0.037193 % ; CV =0.074189
Sb,v=8 0.013964 % CV =0.027928
Sc,v=12 0.021370 % CV =0.042854

iy

2) WATSEA B C = A K522

3) BV EANTERT . HBIME?

Sr=?7 SR=7 S — ZdZ

r 2N
5) Are the Sr and SR values significantly
different?



A dl B dl Cdl |Ad2 |Bd2 |Cd2 |Ad3 |Cd3
Ave 0.49 0.512| 0.488| 0.508| 0.488| 0.502| 0.506| 0.506
0.01303| 0.022| 0.031| 0.014| 0.025| 0.043| 0.013
SD 0.035355 8 804 145 832 884 932 416
0.000| 0.000| 0.000| 0.000| 0.001| 0.000
Var 0.00125 | 0.00017 52 97 22 67 93 18




Q5: K & i A gevt oAy

The suspect population s the A d3 measurements:
Dixontest 055 054 051 049 (44

0= (=t =21) o (p=ap),-3))
1y = 0454543
loos  0.642 L=y, 003 critical
The 0.4 % value 15 ot an outlier



Q5: Outliner test:Grubb’s test:

Grubb’s test:
G!Iawesf = (f B ."Cl) 'f.S lem C'highesf = (."Cn - f) 'f. g (3‘;)

It the test statistics G 1s < Gy pps (5% critical value) the item tested 15 accepted as correct.
It Guggos < G £ Gy ppy the ttem 15 called straggler

It G> Gy the ttem 1s a statistical outlier.

calculate 5 with all data pounts, see A1l for critical values
G = 1.502,

Gﬁu 05~ 1.672

The 0.44 % value 15 not an outlier
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Apply Cochran test to verify that the 8 sets of measurements may come from the same
population:

2
S max

=5 (3.8)
ES!'
=]

g=10.00193/0.00591 = 0.326565
read critical value from table Al13.1 at p=8 (number of data sets, and =5 (number of
replicate measurements): gq 5= 0.391

0.391=0.32
The measurements may come from the same population, that 1s there 15 no significant
difference between the performance of analysts.

MNote: for such comparison, that 15 comparing the results of a series of replicate measurements, the F-iest
cannot be applied!



Q5: SLIENER M

(s, xdf )+ (s, xdf ) +..+(s,xdf )
S df +df +.+df

The average repeatability standard deviations and
corresponding coefficient of variations of the individual
analysts (calculated from their measurements made on
different days) are:

SA,v=12 0.037193 % CV =0.074189
SB,v=8 0.013964 % CV =0.027928
SC,v=12 0.021370 % CV =0.042854




What is the within laboratory
repeatability (Sr) of the method?

It 15 the average of the variations obtained by all analysts:

Pooled standard deviation

_ (51 a’fl)ﬂgii df )+.+ (gi-xa’fn)
S df +df +-+df

df=dfi+df+ .. +df;

The g/ = v of each set of measurement 1n this case 18 5-1=4. The v,= 8%4=32!
Sy =8,=0.02718




What is the within laboratory
reproducibility (SR) of the
method?

(Z(Xi —;)2 2

g =< S
n-—1

* The within laboratory reproducibility of
the method is the SD of all

measurements calculated with eq. 2.5:
SR=0.02632

e Note: Sr < SR



Q5: PR = N E R MR = [H]

B

62
(

Apply F-test to decide (1f 1t 15 not obvious):

F=1.0672

Apply two sided test at P =0.95, read F,,; at

Fagrso ~ Fagn = 1.74 Fygpgp = 1.69
P=009, read F.at

Fagro ~ Fapggn = 1.54 Fygpgp = 1.51
The difference 1g not significant!
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OR are the mean values obtained
significantly different?

Anova: Single Factor

o UM LARTY

(FFatLos Carril Swkn Average | Varunce
A dl 5245 043 0.00125
B dl 52,56 0.512 0.00017
C dl 52,44 0488 0.00052
AodZ 52,54 0.508 0.000%7
B d2 52,44 0488 0.00022
Cd2 5251 0.502  0.000&7
A d3 S2.53 0508 000153
C d3 52.53 0.50g5 0.00018
ANOWVA
Saurce of Pariation 580 | & | M5 3 Pyafue® | Feit

Between Groups  0.0033¢ 7 000042 049746 07711786 23127738
Within Groups 002384 32 0000737

Total D027 3%
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