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Ornausa Boonprasom 2010: Evaluation of Sampling Method in Agricultural Commodity and Food.
Master of Science (Agro-Industrial Technology Management), Major Field: Agro-Industrial
Technology Management, Department of Agro-Industrial Technology. Thesis Advisor:

Assistant Professor Chutima Waisarayutt, Ph.D. 105 pages.

The international standard for agricultural and food product required a system of inspection. Using
sampling inspection as a good representative of product lot in order to decide for the quality of lots. The
reliability of decision on measurement results by estimating the measurement uncertainty arising from the
process quality of sampling and analysis. The sampling paid more important contribution to measurement
uncertainty. The precision of the sampling procedure can be evaluated by using value of sampling uncertainty
with the average product quality profile comparing to the specification limit. This research aimed to validate the
current sampling method implemented in agriculture commodity and food to guide the development of
sampling procedure. The sampling uncertainty estimation in this research was done on two products which were
chicken granular feed packed in bag and canned fruit cocktail in syrup. The sampling was done following the
current procedure and sampling fields were in the manufacturer warehouses. Measurement parameters were
protein content in the dry basis and acidity content for chicken feed and fruit cocktail, respectively. Two-split
level Replicate Design was used as design experiment. Two factors of lot space (different position within the
product lot) and lot production time were varied in order to estimate the uncertainty from the sampling. The
uncertainty value was estimated from standard deviation derived from the statistic range, referring from
Nordtest Handbook, 2007. The study found that both sampling procedure for feed and fruit cocktail, currently
used were fit to use according to the value of uncertainty value compare to the average protein or acidity found
in lot sample. The sampling uncertainty from feed was relatively low, around 1-2%. The average protein
content found in the lot sample was also close to the protein control line. The sampling uncertainty from acidity
content in fruit cocktail was relatively high, around 6-10%. However, the average acidity found in product
sampling was very low compared to the acidity control line. Therefore, considering the value of sampling
uncertainty with average protein or acidity content comparing to specification limit in both product groups, the
sampling methods used in both product groups are fit of use. For development sampling procedure according to
quality assurance from a model of document records that used to comply data in the documentation of quality

assurance and improve sampling methods for implementation in the future.
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1111 Two-split level replicate design IWOANY1 Validation in space

Validation in space

Lot  Rep# Sample 1 (S,) Sample 2 (S,)
No. (Space) X X D, ;n X, X D, ;iz D,
1 1 16.30 16.28 0.02 1629 1643 16.46 0.03 16.45 0.16
2 16.35 16.31 0.04 1633 1634  16.36 0.02 16.35 0.02
3 16.32 16.28 0.04 1630  16.53 16.40 0.13 16.47 0.16
4 16.40 16.39 0.01 1640 1643 16.40 0.03 16.42 0.02
5 16.28 16.43 0.15 1636  16.33 16.20 0.13 16.27 0.09
6 16.56 16.53 0.03 16.55  16.25 16.18 0.07 16.22 0.33
7 16.40 16.42 0.02 16.41 16.40  16.37 0.03 16.39 0.03
8 16.48 16.41 0.07 1645 1633 16.23 0.10 16.28 0.16
Average 0.05 16.38 0.07 16.35 0.12
2 1 16.35 16.53 0.18 1644  16.41 16.50 0.09 16.46 0.01
2 16.72 16.86 0.14 16.79 16.45 16.54 0.09 16.50 0.30
3 16.43 16.42 0.01 16.43 16.76 16.64 0.12 16.70 0.28
4 16.38 16.40 0.02 16.39 16.50 16.37 0.13 16.44 0.05
5 16.64 16.56 0.08 16.60 16.60 16.68 0.08 16.64 0.04
6 16.78 16.70 0.08 16.74 16.45 16.59 0.14 16.52 0.22
7 16.40 16.37 0.03 1639 1649  16.46 0.03 16.48 0.09
8 16.31 16.37 0.06 1634  16.68  16.69 0.01 16.69 0.35
Average 0.08 16.51 0.09 16.55 0.17




M519INUINT N1 (AD)

Validation in space

Lot  Rep# Sample 1 (S,) Sample 2 (S,)
No.  (Space) Xin Xin D, ;il X Xim D, )_iiz D,
3 1 16.60 16.76 0.16 16.68 1644  16.46 0.02 16.45 0.23
2 16.38 16.49 0.11 16.44 1644  16.40 0.04 16.42 0.01
3 16.62 16.88 0.26 1675  16.55  16.49 0.06 16.52 0.23
4 16.76 16.88 0.12 16.82  16.64  16.66 0.02 16.65 0.17
5 16.51 16.46 0.05 1649 1652  16.34 0.18 16.43 0.05
6 16.72 16.63 0.09 16.68 1636  16.53 0.17 16.45 0.23
7 16.39 16.54 0.15 1647  16.81 16.66 0.15 16.74 0.27
8 16.47 16.66 0.19 16.57 16.67  16.75 0.08 16.71 0.15
Average 0.14 16.61 0.09 16.55 0.17
4 1 16.52 16.62 0.10 16.57 16.62  16.60 0.02 16.61 0.04
2 16.32 16.46 0.14 16.39 16.39 16.31 0.08 16.35 0.04
3 16.40 16.42 0.02 16.41 16.49 16.52 0.03 16.51 0.09
4 16.55 16.51 0.04 16.53 16.72 16.79 0.07 16.76 0.22
5 16.87 16.83 0.04 16.85 16.49 16.55 0.06 16.52 0.33
6 16.71 16.84 0.13 16.78 16.42 16.41 0.01 16.42 0.36
7 16.34 16.23 0.11 16.29 16.72 16.75 0.03 16.74 0.45
8 16.35 16.50 0.15 16.43  16.68  16.54 0.14 16.61 0.18

Average 0.09 16.53 0.06 16.56 0.22




M519INUINT N1 (AD)

Validation in space

Lot  Rep# Sample 1 (S,) Sample 2 (S,)
No.  (Space) Xin Xin D, ;il X Xim D, )_iiz D,
5 1 16.34 16.34 0.00 1634 1648  16.38 0.10 16.43 0.09
2 16.48 16.44 0.04 1646 1648  16.34 0.14 16.41 0.05
3 16.52 16.51 0.01 1652 1627  16.34 0.07 16.31 0.21
4 16.61 16.44 0.17 1653 1629  16.41 0.12 16.35 0.17
5 16.27 16.35 0.08 16.31 16.56  16.46 0.10 16.51 0.20
6 16.63 16.59 0.04 16.61 16.61 16.51 0.10 16.56 0.05
7 16.60 16.65 0.05 16.63 1642  16.52 0.10 16.47 0.16
8 16.47 16.42 0.05 1645 1635 1643 0.08 16.39 0.05
Average 0.05 16.48 0.10 16.43 0.12
6 1 16.26 16.30 0.04 1628 16.57  16.68 0.11 16.63 0.34
2 16.32 16.15 0.17 16.24 16.18 16.16 0.02 16.17 0.06
3 16.18 16.32 0.14 16.25 16.01 16.23 0.22 16.12 0.13
4 16.23 16.01 0.22 16.12 16.44 16.46 0.02 16.45 0.33
5 16.28 16.10 0.18 16.19 16.33 16.34 0.01 16.34 0.15
6 16.42 16.26 0.16 16.34 16.25 16.30 0.05 16.28 0.07
7 16.27 16.14 0.13 16.21 16.19 16.07 0.12 16.13 0.07
8 16.14 16.28 0.14 16.21 16.10  16.13 0.03 16.12 0.09

Average 0.15 16.23 0.07 16.28 0.16




M519INUINT N1 (AD)

Validation in space

Lot  Rep# Sample 1 (S,) Sample 2 (S,)
No. (Space) X X, D, ;n X, X D, )_iiz D,
7 1 16.38 16.49 0.11 1644 1643  16.55 0.12 16.49 0.06
2 16.47 16.58 0.11 16.53  16.54  16.60 0.06 16.57 0.05
3 16.43 16.40 0.03 1642 1655  16.66 0.11 16.61 0.19
4 16.43 16.50 0.07 1647  16.71 16.72 0.01 16.72 0.25
5 16.74 16.66 0.08 1670  16.60  16.71 0.11 16.66 0.04
6 16.53 16.60 0.07 16.57  16.71 16.90 0.19 16.81 0.24
7 16.66 16.51 0.15 1659 1649  16.51 0.02 16.50 0.09
8 16.45 16.51 0.06 1648  16.63  16.66 0.03 16.65 0.16
Average 0.09 16.52 0.08 16.62 0.13
8 1 16.64 16.65 0.01 16.65 16.59  16.60 0.01 16.60 0.05
2 16.77 16.84 0.07 16.81 16.32 16.49 0.17 16.41 0.40
3 16.67 16.72 0.05 16.70 16.54 16.46 0.08 16.50 0.20
4 16.70 16.76 0.06 16.73 16.57 16.67 0.10 16.62 0.11
5 16.61 16.46 0.15 16.54 16.55 16.51 0.04 16.53 0.00
6 16.64 16.61 0.03 16.63 16.63 16.48 0.15 16.56 0.07
7 16.53 16.34 0.19 16.44 16.80 16.82 0.02 16.81 0.38
8 16.49 16.55 0.06 1652 16.75  16.83 0.08 16.79 0.27

Average 0.08 16.62 0.08 16.60 0.18




M519INUINT N1 (AD)

Validation in space

Lot  Rep# Sample 1 (S,) Sample 2 (S,)
No. (Space) X X, D, ;n X, X D, )_iiz D,
9 1 16.80 16.88 0.08 16.84 1640  16.49 0.09 16.45 0.40
2 16.71 16.68 0.03 1670  16.72  16.60 0.12 16.66 0.04
3 16.87 16.73 0.14 16.80  16.83  16.67 0.16 16.75 0.05
4 16.71 16.55 0.16 16.63  16.54  16.66 0.12 16.60 0.03
5 16.73 16.76 0.03 1675 16.82  16.72 0.10 16.77 0.02
6 16.56 16.54 0.02 16.55 1648  16.52 0.04 16.50 0.05
7 16.90 16.98 0.08 1694  16.31 16.38 0.07 16.35 0.59
8 16.80 16.74 0.06 16.77  16.70  16.78 0.08 16.74 0.03
Average 0.08 16.75 0.10 16.60 0.15
10 1 16.56 16.62 0.06 1659 1637  16.62 0.25 16.50 0.09
2 16.44 16.30 0.14 16.37 16.83 16.80 0.03 16.82 0.44
3 16.31 16.47 0.16 16.39 16.67 16.54 0.13 16.61 0.22
4 16.47 16.67 0.20 16.57 16.82 16.79 0.03 16.81 0.23
5 16.56 16.82 0.26 16.69 16.62 16.64 0.02 16.63 0.06
6 16.47 16.42 0.05 16.45 16.21 16.47 0.26 16.34 0.11
7 16.86 16.72 0.14 16.79 16.61 16.65 0.04 16.63 0.16
8 16.49 16.68 0.19 1659 1640  16.26 0.14 16.33 0.26

Average 0.15 16.55 0.11 16.58 0.20
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M39muInd 02 wadnszvim lUsauluems Inviamaussgnszasy 19UNUNTNAADS

1111 Two-split level replicate design IWOANY1 Validation in time

Validation in time

Sample 1 (S)) Sample 2 (S,)
Lot No. — —

X X2 Du Xil X1 Xim Di2 Xi2 Di

1 16.37 16.40 0.03 16.39 16.60 16.52 0.08 16.56 0.18

2 16.63 16.50 0.13 16.57 16.70 16.48 0.22 16.59 0.03

3 16.36 16.43 0.07 16.40 16.58 16.63 0.05 16.61 0.21

4 16.67 16.70 0.03 16.69 16.59 16.58 0.01 16.59 0.10

5 16.37 16.42 0.05 16.40 16.54 16.62 0.08 16.58 0.18

6 16.42 16.35 0.07 16.39 16.54 16.57 0.03 16.56 0.17

7 16.69 16.66 0.03 16.68 16.68 16.56 0.12 16.62 0.06

8 16.69 16.64 0.05 16.67 16.55 16.60 0.05 16.58 0.09

9 16.54 16.59 0.05 16.57 16.55 16.76 0.21 16.66 0.09
10 16.41 16.31 0.10 16.36 16.63 16.64 0.01 16.64 0.27
Average 0.06 16.51 0.09 16.60 0.14
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MINUINN 13 Frpe1amstlszainamany liudusuanms¥ndiess voea Tlsaumnae

T a d o o 1A ' {
Tuens Inwtiauia $119u 8 Awmisdud (Validation in space) Tugui 4

feg1amsmuIuA1n1L liLLUeUINMIFNAI9E19 NFAINT Validation in space

Rep# Sample 1 (S,) Sample 2 (S,)
In _ _ _ _
X Xl Di1=|xill_Xil2| Xil Xor Xin Diz=|xi21'xizz| X Di = [xii — Xi
space
1 16.52 16.62 0.10 16.57 16.62 16.60 0.02 16.61 0.04
2 16.32 16.46 0.14 16.39 16.39 16.31 0.08 16.35 0.04
3 16.40 16.42 0.02 1641 1649 16.52 0.03 16.51 0.09
4 16.55 16.51 0.04 16.53 16.72 16.79 0.07 16.76 0.22
5 16.87 16.83 0.04 16.85 1649 16.55 0.06 16.52 0.33
6 16.71 16.84 0.13 16.78 1642 16.41 0.01 16.42 0.36
7 16.34 16.23 0.11 16.29 16.72 16.75 0.03 16.74 0.45
8 16.35 16.50 0.15 1643 16.68 16.54 0.14 16.61 0.18
AUNDY 8 AU 0.09 16.53 0.06 16.56 0.22
AMNTOINAY (Mean range)
.o — xii + xp Converting factor for
Aunaesm (X) LIa dys r } 1.128
D) standard deviation (n=2)
A & AmiNdumasan s, uaz b
5 Y . Di + Do f »mr, =——=0216
ATNTURAYIN S] Ly 52 = = 0073 S2 [RAYIN 8 AU U n
_ 5 .
(D Analysis ) (DMeasuremen )
ﬁuﬁmmummfgm (Standard deviation: s)
oA a 14 DAna]ysis
D) ANDBUUUINATTIUVRINIIATIEH (5, ) = 0065
1.128
oA o D Measurement
2) ANbeUVUINATINVEIMIIA (s, ) = — 0191
1.128
2
: s
- ¥ & H 2 Analysis
3) Adlsuunasgiuvesmsdndiedis (s, ) = [ | DAl g5

SMeasuremetf ) \/7
2
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MS1INUINT N3 (AD)

Ao amsmuIuA1n1L LU UeUINMIFNAIE19 NTAINT Validation in space

oA v o J . .
mgﬁmmummgmﬁnwm (Relative Standard Deviation: %RSD)

s Analysis

) =2 X 100% = 039
X

VoA v o o a 4
1) 'ﬂ“ﬁENL"Uuuqﬁigjuﬁﬂv\lﬂﬁmﬂﬂﬂjijlﬂ513W (%RSDAnalysis

oA v o ¢ o o
2) ANVYIUUVUNIATIIUTUANTUBINITFNAIDYIN s
Sampling

= — X100% =1.12

0
(A)RSDSampling) X
i S
3) ANDEAVUNIATTIUFUINT V0I5 TR (%RSD | ) = Meswenen » 100% = 1.16
o3 easuremert
X

A1nu liueuvene (Expanded Uncertainty: %U) IM11U 2 1M11U94A1 RSD

1) aan U U UYYRINI UATIER (%UAmlysiS ) =0.78
2) many e uveeue I sFNAI0E1 (%USampl.mg ) =224
3) many llundueuvenevesnsia (%U ) =231

Measuremert
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MINNUINN N4 Frpe1amItszanamany liudusunmisndlegiavesat 1Usaumnae

1 a <] I @ ' ) | | a
1uﬂ1ﬁ1ihlﬂ‘]fumllﬂ INUAIDYNLUUITINDN 8 AU UIADIU Al 1IN TINAN

a

AuA1A1aiY (Validation in time) $149U 10 Ju

@roe1amsmuIanInL luLLeUIINMIFNAI0619 ATAITM Validation in time

Sample 1 (S,) Sample 2 (S,)
Lot _ _ — —
X Xl Di1:|xi11-xi12| Xil X1 Xin D12:|X121'Xi22| Xi2 Di = xii — x@

1 16.37 16.40 0.03 16.39 16.60 16.52 0.08 16.56 0.18

2 16.63 16.50 0.13 16.57 16.70 16.48 0.22 16.59 0.03

3 1636 16.43 0.07 16.40 16.58 16.63 0.05 16.61 0.21

4 16.67 16.70 0.03 16.69 16.59 16.58 0.01 16.59 0.10

5 16.37 16.42 0.05 1640 16.54 16.62 0.08 16.58 0.18

6 1642 16.35 0.07 16.39 16.54 16.57 0.03 16.56 0.17

7 16.69 16.66 0.03 16.68 16.68 16.56 0.12 16.62 0.06

8 16.69 16.64 0.05 16.67 16.55 16.60 0.05 16.58 0.09

9 16.54 16.59 0.05 16.57 16.55 16.76 0.21 16.66 0.09

10 1641 16.31 0.10 16.36 16.63 16.64 0.01 16.64 0.27
ANNAY 8 AU 0.06 16.51 0.09 16.60 0.14
AMNTOINAY (Mean range)

A W — N Converting factor for 1.128
Aunaesm (X) = =16.55 o

2 standard deviation (n=2)
T Midomaenn s uaz > p

Cay A Du + D; 4 . ., =—=20.138
Mdomasnns uazs, 1 7% _ o, S, 1IRABIIN 8 AN .

_ g 2

(DAnalysis ) (D Measuremert )

ﬂ'u‘ﬁmmummgm (Standard deviation: s)

1) fileeINAT MM IATIE (s ) D sais

@9 e Analysis = = 0.065
1.128
oA o D Measurement
2) ANDBUVUINATIUVEIMIIA (s, ) = — 012
1.128
2
: s
Loa v _ ! 2 Analysis
3) MounnINAsgINYeIMIFNAI0eN (s, ) = J6 ) = 2 =0

V2




&9

MS1INUINT N4 (AD)

@roe1ansmuIaaInL luLLeUIINMIFNAI0619 ATAIM Validation in time

oA v o J . .
mgﬁmmummgmﬁnwm (Relative Standard Deviation: %RSD)

s Analysis

oA v o & a 7
1) ANSVUUNATTIUAUNNTUDINT UATICH (%RSDAM]ysis ) = ——— X 100% = 0.39
X
oA v o v W 1 (0 ) SSampling
2) ANVLAVUINATIIUTUNNTVRINIBNAEN (%RSD ) = =2 % 100% = 0.68
X
oA v o d @ SMeasuremen
3) AUNVYUUVUNINTIIUTAUANTUDINIGTIA (%RSDMeasmmm) = ——X100% = 0.74
X

A1n himiueuvene (Expanded Uncertainty: %U) 1M111 2 1M1U99A1 RSD

' ] ] a g
D aanu liudueuvesveaM ATy (%U ) =0.79

Analysis

2) Ay luuiueUVEeUINITAAI819 (%U ) =136

Sampling

3) many lluniueuveevedsnsia (%U ) =147

Measuremert
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M1NUINT N5 HaMINATEUANUANIEUD (Homogeneity) Yosannaes TUsaulueims in

a < o 1A
Fiiaa 119U 10 JUAUAT

avenadou Al . ANDBUVY  FNANWFOIU 95%
. _ ., Mmay
anmuldla  qui WATFIN o 3 P-Value
(%) FLAUAN  FTAVUUU
(Validation) (Lot)
1 16.37 0.0926 16.33 16.40 0.900
2 16.53 0.1465 16.48 16.58 0.086
3 16.58 0.1509 16.52 16.63 0.067
4 16.55 0.1699 16.48 16.61 0.159
Auraadum 5 16.45 0.1086 16.41 16.49 0.062
(In space) 6 16.25 0.1493 16.20 16.31 0.077
7 16.57 0.1188 16.53 16.62 0.083
8 16.61 0.1342 16.56 16.66 0.920
9 16.65 0.1605 16.62 16.73 0.346
10 16.57 0.1773 16.50 16.63 0.085
AINAA
16.55 0.1154 16.52 16.59 0.087

(In time)
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4 J ] 1 a, a 4 v W 1
MINEUINN N6 wamiﬂizmmmﬂ’nﬂmmu@umﬂﬁmsamﬂzw NITFNAIDYN LASNIT

[

Jalsauludednserms lnwilada

anu ldudueu (Expand Uncertainty)

MINATIEN MIFNAIDYN 539
atenaaou § U (Analysis (Sampling (Measurement
anulyld au uncertainty) uncertainty) uncertainty)
(Validation)  (Lot)  (%V0IA1UDa0) (%UDIA D) (%UpiAInag)

1 0.62 1.24 1.31
2 0.86 1.67 1.78
3 1.24 1.57 1.80
4 0.78 2.24 2.31
fundadum 5 0.84 1.19 1.33
(In space) 6 1.20 1.48 1.70
7 0.89 1.29 1.44
8 0.85 1.87 1.97
9 0.92 1.47 1.61
10 1.40 1.85 2.10
NAWAR
0.79 1.36 1.47

(In time)
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a a J 1< 9 :’ A +
ATTNNUINN V1 Na'JLﬂﬁ’lg‘Wﬂ'lﬂ'J'lllHJuﬂiﬂsl,uNﬁllllﬁﬂiliu‘lﬂlclfﬂﬂﬂiﬁﬂﬂigﬂ9\1 FTNUAUNIT

NAaDILUY Two-split level replicate design 1WOANY1 Validation in space

Validation in space

Lot  Rept Sample 1 (S,) Sample 2 (S,)

No. (Space) X X D, ;“ X, X D, >_<i2 D,

1 1 0.5065  0.5186  0.0121 0.5126 0.5043 0.4946 0.0097  0.4995 0.0131
2 0.5324  0.5301  0.0023 0.5313 0.4493 0.4523 0.0030 0.4508 0.0805
3 0.4776  0.4737  0.0039 0.4757 0.5454 0.5418 0.0036  0.5436 0.0680
4 0.4948  0.4833  0.0065 0.4916 0.5152 0.5160 0.0008 0.5156 0.0241
5 0.5079  0.5085  0.0006 0.5082 0.5162 0.5031 0.0131  0.5097 0.0014
6 0.5022  0.5031  0.0009 0.5027 0.5123 0.5140 0.0017  0.5132 0.0105
7 0.4843  0.4858 0.0015 0.4851 0.4790 0.4821 0.0031 0.4806 0.0045
8 0.4894  0.4834  0.0010 0.4889 04770 0.4715 0.0055 0.4743 0.0147
9 0.4870 0.4829 0.0041 0.4850 0.4989 0.4956 0.0033 0.4973  0.0123

10 0.4967  0.5078  0.0111 0.5023 0.5008 0.5023 0.0015 0.5016 0.0007

Average 0.0044 0.4983 0.0045  0.4986 0.0230

2 1 0.5136  0.5129  0.0007 0.5133 0.5143 0.5035 0.0108  0.5089 0.0044
2 0.5244  0.5043  0.0201 0.5144 0.4941 0.5063 0.0122  0.5002 0.0142

3 0.4981  0.4997  0.0016 0.4989 0.4930 0.4940 0.0010 0.4935 0.0054

4 0.5337  0.5266  0.0071 0.5302 0.5200 0.5216 0.0016  0.5208 0.0093

5 0.4615  0.4581 0.0034 0.4598 0.5316 0.5368 0.0052  0.5342 0.0744

6 0.4922  0.4979  0.0057 0.4951 0.4886 0.5061 0.0175 0.4974 0.0023

7 0.5409  0.5383  0.0026 0.5396 0.4771 0.4776  0.0005  0.4774 0.0623

8 0.5119  0.4957  0.0162 0.5038 0.5176 0.5247 0.0071  0.5212 0.0174

9 0.5093  0.5081 0.0012  0.5087 0.4749 0.4682 0.0067 0.4716 0.0371

10 0.4843  0.4877  0.0034 0.4860 0.4819 0.4845 0.0026  0.4832 0.0028

Average 0.0062  0.5050 0.0065  0.5008 0.0230
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Validation in space

Lot  Rept Sample 1 (S,) Sample 2 (S,)
No. (Space) X X, D, ;n X, X D, ;iz D,
3 1 0.4828  0.4819  0.0009 0.4824 0.5232 0.5033 0.0199 0.5133 0.0309
2 0.5222  0.5199  0.0023 0.5211 0.5127 0.5087 0.0040 0.5107 0.0104
3 0.5026  0.4922  0.0104 0.4974 04792 04771 0.0021 04782 0.0193
4 0.4996  0.5099  0.0103 0.5048 0.5220 0.5170  0.0050  0.5195 0.0148
5 0.4924  0.4875  0.0049 0.4900 0.5140 0.5149 0.0009 0.5145 0.0245
6 0.4992  0.4975 0.0017 0.4984 0.5147 0.5125 0.0022 0.5136 0.0153
7 0.5193  0.5206  0.0013  0.5200 0.4880 0.4931 0.0051  0.4906 0.0294
8 0.4979  0.4954  0.0025 0.4967 0.5228 0.5206 0.0022  0.5217 0.0251
9 0.4916  0.4987  0.0071 0.4952 0.5091 0.5102 0.0011  0.5097 0.0145
10 0.5078 0.5041 0.0037  0.5060 0.5240 0.5232 0.0008 0.5236 0.0177
Average 0.0045 0.5012 0.0043 0.5095 0.0202
4 1 0.5235  0.5172  0.0063 0.5204 0.5045 0.5192 0.0147 0.5119 0.0085
2 0.5329 0.5333 0.0004 0.5331 0.5241 0.5251 0.0010 0.5246 0.0085
3 0.4952 0.4845 0.0107 0.4899 0.5223 0.5275 0.0052 0.5249 0.0350
4 0.4846 0.4942 0.0096 0.4894 0.4987 0.4987 0.0000 0.4987 0.0093
5 0.5151 0.5417 0.0266  0.5284 0.4991 0.4897 0.0094 0.4944 0.0340
6 0.5055  0.5012  0.0043 0.5034 0.4998 0.5114 0.0116  0.5056 0.0023
7 0.4886  0.4789  0.0097 0.4838 0.5018 0.5172 0.0154  0.5095 0.0258
8 0.4967  0.4976  0.0009 0.4972 0.4563 0.4665 0.0102 0.4614 0.0357
9 0.4494  0.4525 0.0031 04510 0.5260 0.5174 0.0086  0.5217 0.0708
10 0.5226  0.5232  0.0006 0.5229 0.4819 04775 0.0044 0.4797 0.0432
Average 0.0072  0.5019 0.0081  0.5032 0.0273
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Validation in space

Lot  Rept Sample 1 (S,) Sample 2 (S,)
No. (Space) X X, D, ;n X, X D, ;iz D,
5 1 0.5345  0.5134  0.0211 0.5240 0.5159 0.5442 0.0283  0.5301 0.0061
2 0.5295  0.5382  0.0087 0.5339 0.5635 0.5494 0.0141  0.5565 0.0226
3 0.5563  0.5645  0.0082 0.5604 0.5277 0.5259 0.0018  0.5268 0.0336
4 0.5596  0.5569  0.0027 0.5583 0.5648 0.5673 0.0025 0.5661 0.0078
5 0.5350  0.5435  0.0085 0.5393 0.5388 0.5479 0.0091  0.5434 0.0041
6 0.5621  0.5622  0.0001 0.5622 0.5349 0.5471 0.0122  0.5410 0.0212
7 0.5291  0.5215  0.0076 0.5253 0.5539 0.5594 0.0055 0.5567 0.0314
8 0.5264  0.5155  0.0109 0.5210 0.5156 0.5147 0.0009  0.5152 0.0058
9 0.5114  0.5913  0.0799 0.5514 0.5564 0.5600 0.0036  0.5582 0.0069
10 0.5640 0.5510 0.0130  0.5575 0.5040 0.5084 0.0044 0.5062 0.0513
Average 0.0161 0.5433 0.0082  0.5400 0.0191
6 1 0.5299  0.5147  0.0152 0.5223 0.4855 0.4951 0.0096  0.4903 0.0320
2 0.5060 0.5057 0.0003  0.5059 0.5000 0.5065 0.0065 0.5033 0.0026
3 0.5214 0.5073 0.0141 0.5144 0.4906 0.4968 0.0062 0.4937 0.0206
4 0.5499 0.5246 0.0253 0.5373 0.5049 0.5073 0.0024 0.5061 0.0312
5 0.5487 0.5484 0.0003  0.5485 0.4587 0.4577 0.0010 0.4582 0.0903
6 0.4955  0.5499  0.0544 0.5227 0.5206 0.5217 0.0011  0.5212 0.0015
7 0.5468  0.5478  0.0009 0.5473 0.4854 0.4838 0.0034 0.4871 0.0602
8 0.4989  0.5035  0.0046 0.5012 0.5328 0.5186 0.0142  0.5257 0.0245
9 0.5177  0.5162  0.0015 0.5170 0.5218 0.5299  0.0081  0.5259 0.0089
10 0.5086  0.5052  0.0034 0.5069 0.4942 0.4874 0.0068  0.4908 0.0161
Average 0.0120 0.5223 0.0059  0.5002 0.0288
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Validation in space

Lot  Rept Sample 1 (S,) Sample 2 (S,)
No. (Space) X X, D, ;n X, X D, ;iz D,
7 1 0.5013  0.4957  0.0056 0.4985 0.4984 0.5045 0.0061 0.5015 0.0030
2 0.5142  0.5102  0.0040 0.5122 0.5073 0.5089 0.0016  0.5081 0.0041
3 0.5016  0.4963  0.0053 0.4990 0.4766 0.4762 0.0004 0.4764 0.0226
4 0.4862  0.4927  0.0065 0.4895 0.5193 0.5144 0.0049 0.5169 0.0274
5 0.5085  0.5106  0.0021 0.5096 0.4929 0.4943 0.0014 0.4936 0.0159
6 0.5092  0.5080  0.0012 0.5086 0.4879 0.4874 0.0005 0.4877 0.0209
7 0.4700  0.4708  0.0008 0.4704 0.4973 0.4973 0.0000 0.4973 0.0269
8 0.5049  0.5092  0.0043 0.5071 0.4991 0.4897 0.0094 0.4944 0.0127
9 0.4924  0.4984  0.0060 0.4954 0.5042 0.4974 0.0068 0.5008 0.0054
10 0.5191 0.5218 0.0027  0.5205 0.4856 0.4847 0.0009 0.4852 0.0353
Average 0.0039 0.5011 0.4962 0.0174
8 1 0.5291  0.5218  0.0073 0.5255 0.5180 0.5260  0.0080  0.5220 0.0034
2 0.5359 0.5422 0.0063 0.5391 0.5041 0.5016  0.0025 0.5029 0.0362
3 0.5291 0.5215 0.0076  0.5253 0.5077 0.5129 0.0052 0.5103 0.0150
4 0.5235 0.5172 0.0063 0.5204 0.4862 0.4876 0.0014 0.4869 0.0335
5 0.5136 0.5129 0.0007 0.5133 0.5235 0.5316  0.0081 0.5276  0.0143
6 0.5149  0.5119  0.0030 0.5134 0.5561 0.5456  0.0105  0.5509 0.0375
7 0.5233  0.5276  0.0043  0.5255 0.4935 0.4928 0.0007  0.4932 0.0323
8 0.5311  0.5415 0.0104 0.5363 0.5321 0.5309 0.0012  0.5315 0.0048
9 0.5127  0.5185  0.0058 0.5156 0.5391 0.5277 0.0114  0.5334 0.0178
10 0.5026  0.5149  0.0123 0.5088 0.5132 0.5017 0.0115 0.5075 0.0013
Average 0.0064 0.5223 0.0060  0.5166 0.0196
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Validation in space

Lot  Rept Sample 1 (S,) Sample 2 (S,)
No. (Space) X X, D, ;n X, X D, ;iz D,
9 1 0.5149  0.5119  0.0030 0.5134 0.4849 0.4856 0.0007 0.4853 0.0282
2 0.4787  0.4862  0.0075 0.4825 0.4950 0.4924 0.0026 0.4937 0.0113
3 0.4971  0.5041  0.0070 0.5006 0.4952 0.5000 0.0048  0.4976 0.0030
4 0.4926  0.5031  0.0105 0.4979 0.5031 0.5082 0.0051  0.5057 0.0078
5 0.5171  0.5120  0.0051 0.5146 0.5350 0.5346  0.0004  0.5348 0.0202
6 0.5103  0.4968  0.0135 0.5036 0.5469 0.5392 0.0077  0.5431 0.0395
7 0.5283  0.5313  0.0030 0.5298 0.4890 0.4782 0.0108 0.4836 0.0462
8 0.5119  0.5034  0.0085 0.5077 0.4892 0.4912 0.0020  0.4902 0.0174
9 0.5050  0.5067  0.0017 0.5059 0.4944 0.4935 0.0009 0.4940 0.0119
10 0.4888 0.4826 0.0062  0.4857 0.5280 0.5282 0.0002  0.5281 0.0424
Average 0.0066 0.5041 0.0035 0.5056  0.0228
10 1 0.5666  0.5669  0.0003 0.5668 0.4963 0.4964 0.0001  0.4964 0.0704
2 0.4855 0.4916 0.0061 0.4886 0.4854 0.4964 0.0110 0.4909 0.0024
3 0.4934 0.4866 0.0068 0.4900 0.5484 0.5596 0.0112 0.5540 0.0640
4 0.5359 0.5422 0.0063 0.5391 0.4953 0.5005 0.0052 0.4979 0.0412
5 0.5308 0.5331 0.0023  0.5320 0.4948 0.4923  0.0025 0.4936 0.0384
6 0.5092  0.5070  0.0022 0.5081 0.4940 0.5043 0.0103  0.4992 0.0090
7 0.4910  0.4972  0.0062 0.4941 0.5027 0.5117 0.0090 0.5072 0.0131
8 0.5333  0.5281  0.0052 0.5307 0.4923 0.4917 0.0006  0.4920 0.0387
9 0.5241  0.5197  0.0044 0.5219 05171 0.5260 0.0089  0.5216 0.0004
10 0.5299  0.5323  0.0024 0.5311 0.5333 0.5231 0.0102  0.5282  0.0029
Average 0.0042  0.5202 0.0069  0.5081 0.0280
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a a J 1< 9 :’ A +
ATTNNUINN V2 Na'JLﬂﬁ’lg‘Wﬂ'lﬂ'J'lllHJuﬂiﬂsl,uNﬁllllﬁﬂiliu‘lﬂlclfﬂﬂﬂiﬁﬂﬂigﬂ9\1 FTNUAUNIT

NAaDILUY Two-split level replicate design IWOANYI Validation in time

Validation in time

Sample 1 (S)) Sample 2 (S,)
Lot No. _ —
X, X D, Xil X X D, Xi D,
1 0.5032  0.5024  0.0008 0.5028 0.4922 0.4949 0.0027 0.4936  0.0092
2 0.4909 0.4926 0.0017  0.4918 0.5022 0.5019  0.0003 0.5021 0.0103
3 0.5070  0.5076  0.0006 0.5073 0.5004 0.5003 0.0001  0.5004  0.0070
4 0.4844  0.4824  0.0020 0.4834 0.5083 0.5108 0.0025 0.5096  0.0262
5 0.5243 0.5195 0.0048 0.5219 0.5082 0.5075 0.0007  0.5079 0.0141
6 0.4942 0.4924 0.0018 0.4933 0.5014 0.4974 0.0040 0.4994 0.0061
7 0.5110 0.5172 0.0062 0.5141 0.5014 0.4974 0.0040 0.4994 0.0147
8 0.5047  0.5148 0.0101 0.5098 0.5161 0.5065 0.0096 0.5113 0.0015
9 0.5200  0.5134  0.0066 0.5167 0.4939 0.4993 0.0054 0.4966  0.0201
10 0.5275 0.5353 0.0078 0.5314 0.4932 0.4915 0.0017 0.4924 0.0391

Average 0.0042  0.5072 0.0031  0.5012 0.0148
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4 @ I 1 1 ] v o ] 1 I
ﬂ1‘§1QN‘H3ﬂﬁ U3 m@ﬂnmsﬂizm1mmmm”lmmuaumﬂmiﬂfﬂmamq RRGRGEREVSIAN

4' 9 +| o o LY 4 . . .
ﬂiﬂmaElcluWﬂlliJi’JlliJiiillﬂigﬂﬁN A1UIN 10 AU UIFUAT (Validation in

space) Msjuﬁ 6

fog1amsmuIuA1n1L LU UeUINMIFNAI9E19 NTAINT Validation in space

Rep# Sample 1 (S,) Sample 2 (S,)
In - _ _ _
X Xipp Di1:|xi11'xi12| Xil Xo1 X Di2=|xi21-xi22| X Di = [xii — Xi
space
1 0.5299 0.5147 0.0152 0.5223 0.4855 0.4951 0.0096 0.4903 0.0320
2 0.5060 0.5057 0.0003 0.5059 0.5000 0.5065 0.0065 0.5033 0.0026
3 0.5214 0.5073 0.0141 0.5144 0.4906 0.4968 0.0062 0.4937 0.0206
4 0.5499 0.5246 0.0253 0.5373 0.5049 0.5073 0.0024 0.5061 0.0312
5 0.5487 0.5484 0.0003 0.5485 0.4587 0.4577 0.0010 0.4582 0.0903
6 0.4955 0.5499 0.0544 0.5227 0.5206 0.5217 0.0011 0.5212 0.0015
7  0.5468 0.5478 0.0009 0.5473 0.4854 0.4888 0.0034 0.4871 0.0602
8 0.4989 0.5035 0.0046 0.5012 0.5328 0.5186 0.0142 0.5257 0.0245
9 05177 0.5162 0.0015 0.5170 0.5218 0.5299 0.0081 0.5259 0.0089
10  0.5086 0.5052 0.0034 0.5069 0.4942 0.4874 0.0068 0.4908 0.0161
AUNDY 8 AU 0.1200  0.5223 0.0590 0.5002 0.0288
MNdenae (Mean range)
N — xiq + xp Converting factor for 1.128
Aunaes (X) = =0.511 o
D) standard deviation (n=2)
- - AMNTIRALIIN S, Loy >
Cae Du + D; 4 ¢ \ = —— =0.029
Adoaenns uazs, — 1 0 7" 000 S mAein 8 §ums .
_ ) 2
(DAnalysis ) (DMeasuremen )
ﬂ'nﬁmmummgm (Standard deviation: s)
oA a 4 DAnalysis
1) AMABAVUBIATFIUVOINTAUATIEH (SAnalysis ) = % 0.008
1.128
) oA o ( ) D Measuremert
) AndeuuuNIAsIuYeINIIa (s, = 0026
1.128
2
3) AN BALUINATTILUIMIFNEI0E13 (5 ) - 2 ® Anaiyis -
“ Sampling - (SMeasuremert - el - 0025

V2
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M519NUINT U3 (710)

fog1amsmuIuA1n1L liLLUeuINMIFNAI9E19 NTAINT Validation in space

oA [ 4 . .
mgﬁmmummgmﬁnwm (Relative Standard Deviation: %RSD)

§ Analysis

oA v o & a 7
1) mmENL“JJuilmigWuﬁiJW“VlﬁﬁUmmﬂlﬂﬂ%ﬁ (%RSDAnalysis ) = —— X 100% = 1.55
X
oA v o v o 1 SSampling
2) mL‘]JENHJulI1ﬁ§§1uﬁilW1/l'ﬁﬁllENﬂTi°]fﬂ@]’JE)EJN (%RSDSampling) = —— X 100% = 4.87
X
oA L2 .S ¥ SMeasuremen
3) ﬂmJEN&’U‘LHJM?@H?{MWVIWUENmi’m (%RSDMeasuremen) = —— X 100% = 4.99
X

A1n himiueuvene (Expanded Uncertainty: %U) W11 2 1M1U99A1 RSD

' ] ] a g
1) ﬂ']ﬂ’ﬂil‘thl,uuﬂuallEJ'lElEUﬂ\iﬂ'li’Jmi']%ﬂ (%U ) =3.11

Analysis

2) AN iU UVEEUINITAAIE19 (%U ) =974

Sampling

3) many ludueuvenevesnsia (%U ) =9.99

Measuremert
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4 @ I 1 1 ] v o 1 1 1<
ﬂ1‘§1QN‘H3ﬂﬁ U4 mE)fJNmiﬂizum&mmmUlilLmuaumﬂmﬁfﬂm@mwmmﬂ’nmﬂuﬂiﬂ

{ S W 1 o oo
maeluwa ldsmussynsedlosinudiediauuusiunn 10 Sumsaoiu o

NAHARTUAIANU (Validation in time) $142U 10 Ju

@roe1amsmuIanInL luLLeUIINMIFNAI0619 ATAIM Validation in time

Sample 1 (S,) Sample 2 (S,)

Lot Xin X Di1:|xi11'xi12| Xil X1 Xin Diz:|xizl'xizz| xp Di = [Xi 7X@

1 05299 0.5147 0.0152 0.5223 0.4855 0.4951 0.0096 0.4903 0.0320

2 0.5060 0.5057 0.0003 0.5059 0.5000 0.5065 0.0065 0.5033 0.0026

3 0.5214 0.5073 0.0141 0.5144 0.4906 0.4968 0.0062 0.4937 0.0206

4 0.5499 0.5246 0.0253 0.5373 0.5049 0.5073 0.0024 0.5061 0.0312

5 05487 0.5484 0.0003 0.5485 0.4587 0.4577 0.0010 0.4582 0.0903

6 04955 0.5499 0.0544 0.5227 0.5206 0.5217 0.0011 0.5212 0.0015

7 0.5468 0.5478 0.0009 0.5473 0.4854 0.4888 0.0034 0.4871 0.0602

8 0.4989 0.5035 0.0046 0.5012 0.5328 0.5186 0.0142 0.5257 0.0245

9 05177 0.5162 0.0015 0.5170 0.5218 0.5299 0.0081 0.5259 0.0089

10 0.5086 0.5052 0.0034 0.5069 0.4942 0.4874 0.0068 0.4908 0.0161
ANNAY 8 AU 0.0042  0.5072 0.0310 0.0148
AMNTOINAY (Mean range)
A W — N Converting factor for 1.128
Aunaesm (X) = —— =10.504 »

’ standard deviation (n=2)
Dy + Da MWdomasan S uaz 2D

Cme 4 = — 0004 _ 4 ., ==L =0015
Midenasan s uag s, 5 S, IRABIIN 8 AN i
(DAna]ysis ) (DMeasuremert )
ﬂ'u‘ﬁmmummgm (Standard deviation: s)

oA a 4 DAnalysis
D ADeUIINASTIUYIMIINTEN s, ) = = 0.003

1.128

oA o D Measurement

2) Andsauumasgiuvesmsda (s, = 0013
1.128
2

3) Mboumnasgmvesmsindiedn (s, ) = Gy 2| Sas |
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M51INUINT V4 (510)

@roe1amMsmuIaaInL UL UIINMIFNAI0619 ATAITM Validation in time

' 4 v o . ..
ANTEUUUINT FIUTUNND (Relative Standard Deviation: %RSD)

§ Analysis

oA v o & a 7
1) ANV UNATTIUAUNNTUDINT UATICH (%RSDAna]ysiS ) = ——— X 100% = 0.65
X
oA v o v o ' Ssampling
2) AMUYIVUNINTTIUAUNNTVDINITFNA DY (%RSDSamp“ng) = — X 100% = 2.57
X
oA v o d @ SMeasuremen
3) AUNVIIUUVUNIATIIUTAUANTUBDINIGTIA (%RSDMeasuremm) = —— X 100% = 2.61
X

A1n Liiueuvene (Expanded Uncertainty: %U) W11 2 1M1U99A1 RSD

1 ] [ a 4
1) e i yeuveneveansinseH U, ) =1.29
2) AN U U UVEEUDINTFAAI0E1 (%USampling ) =5.13
3) manu luniueuvensveamsia (%U ) =521

Measuremert
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4 o J { I
MTNRUINT Y5 HaMTNATOUANNANUTUD (Homogeneity) ¥odaunasanmiunsa lu

v ]
dodrawa liswlumingenussynszdlos $1uau 10 Judud

avenadou Al . ANDBUVY  FNANWFOIU 95%
. _ ., Mmay
anmuldla  qui WATFIN o 3 P-Value
(%) FLAUAN  FTAVUUU
(Validation) (Lot)
1 0.50 0.0208 0.4918  0.5051 0.385
2 0.50 0.0212 0.4961 0.5097 0.205
3 0.51 0.0138 0.5009  0.5098 0.119
4 0.50 0.0226 0.4953  0.5098 0.070
Auraadum 5 0.54 0.0206 0.5351 0.5482 0.068
(In space) 6 0.51 0.0228 0.5040  0.5186 0.156
7 0.50 0.0128 0.4945  0.5027 0.156
8 0.52 0.0158 0.5144  0.5245 0.083
9 0.50 0.0178 0.4992  0.5106 0.076
10 0.51 0.0231 0.5068  0.5215 0.208
AINAA
0.50 0.0116 0.5005  0.5080 0.147

(In time)
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4 J ] 1 a, a 4 v W 1
MINEUINN U6 wamiﬂizmmmﬂ’nﬂmmu@umﬂﬁmsamﬂzw NITVYNAIDYN LUASNIT

[

J IS o ll 9/ :1 A +
amanudunsaludediana ldswlmingenussgnizdlos

anu ldudueu (Expand Uncertainty)

MINATIEN MIFNAIDYN 539
atenaaou § U (Analysis (Sampling (Measurement
anulyld au uncertainty) uncertainty) uncertainty)
(Validation)  (Lot)  (%V0IA1UDa0) (%UDIA D) (%UpiAInag)

1 1.59 8.09 8.17
2 2.24 7.93 8.09
3 1.55 6.99 7.07
4 2.69 9.44 9.63
fundadum 5 3.98 5.57 6.24
(In space) 6 3.11 9.74 9.99
7 1.37 6.12 6.19
8 2.12 6.52 6.69
9 1.78 7.90 8.00
10 1.92 9.57 9.67
NAWAR
1.29 5.13 5.21

(In time)
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