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= Collaborative Study process (raw data)

= Collaborative Study process (ratio)
— Paired measurements
— Unpaired measurements

= Assessment of r&R for NNN/Nic

= Conclusions

viewed by CORESTA

= Alternative approaches
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Definitions
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The relevance of method performance is defined by indicators

~
I@d Reference value
A
228 Probability
. nl >
density > Accuracy
+ precision
|
< > \alue -/

Precision

Collaborative study is a recognized method to evaluate these indicators

2 terms to define the precision of a method under 2 circumstances
of replication: repeatability and Reproducibility.
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Collaborative Study (raw data for A)

5?»7 CFP

£» Product

Mainstream smoke

p laboratories (from 1 to p)
5 replicates per laboratory

/ Analyte (A) quantitation

= Minimum number of laboratory:

p=8 reporting valid data for
each material

= Minimum number of replicates:

Laboratories Prolduct
1 2 P
0 Ay | A Aoy
g [P Ax) An)
s Aia| | Az = Apa)
x| A | A Ao
Ais) | A Aps)

n=2 if within-laboratory
repeatibility is required
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Collaborative Study (raw data for A)

égf? CFP

£» Product
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Mainstream smoke

/ Analyte (A) quantitation

p laboratories (from 1 to p)
5 replicates per laboratory

Product
|
Laboratories 1 P N
Outlier 1
ouic: [ A
§ Ap(Z) d dR
Y Ap(a) :
Ape) |
< > /

sdL
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Collaborative Study (ratio A/B)

(Paired measurements)

é;b CFP
{;3? PI‘OdUCt Mainstream smoke Analyte (A) quantitation
]
Analyte (B) quantitation
p laboratories (from 1 to p)
PI‘O?UC'[ 5 replicates per laboratory
Laboratories 1 2 P A
o | A ! Bigy| | Ay ! By Aoy ! By
O
§ A1(2)/ B1(2) A2(2)/ B2(2) Ap(Z)/ B|o(2) Sdr>st
i A1(3)/ Bl(3) A2(3)/ B2(3) .eE Ap(B)/ Bp(3)
8:’ A1(4)/ B1w) A2(4)/ B2w) Ap(4)/ Bp)
A1(5)/ Bis) AZ(S)/ B Ap(5)/ Bys) v

&
<« »

cdl
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Collaborative Study (ratio A/B)

-~ (Paired measurements)
& cep

g;*? Product Mainstream smoke Analyte (A) quantitation
L
Analyte (B) quantitation
R=A/B p laboratories (from 1 to p)
PI‘O?UC'[ 5 replicates per laboratory
Laboratories 1 2 P A
0 Riq) Raq) Ro)
g | R R Re | 3" > sdR
= | Ry Ro) - Ro)
e Ri) Ra) Rpa)
Ry Ras) Rosy ||
sdL

With paired measurements the ratio can be considered as raw data
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Collaborative Study (ratio A/B)

(Unpaired measurements)

%;3) PrOdUCt Mainstream smoke Analyte (A) quantitation
|

Mainstream smoke

Analyte (B) quantitatio
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Collaborative Study (ratio A/B)

(Unpaired measurements)

p laboratories (from 1 to p)

per laboratory:
5 replicates for A
5 replicates for B

Laboratories 1

Replicates

Q How to compute the ratio?

Product
2 P
Ay |Biwy| |Axy| |Baw Ao | Bp
A |Big| |Aca) |Be| . Ao | Bpe2)
Aia)| |Bie)| [Ace)| |Bap Ava)|  [Bpe)
As)| [Biw)| |[Axag| |Bow Apwa)| | Bpa
Aiis)| [Bis)| |Axs| |Bas Api)| | Bps)
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Example:
Collaborative Study (CORESTA)

Replicates

ratio NNN/Nic

(Unpaired measurements)

20 laboratories (from 1 to 20)

ISO smoking regime

per laboratory:

5 replicates for NNN

CM6 5 replicates for Nic
Laboratories 1 2 20
NNN1(1) Nic1(1) NNN2(1) Nic2(1) NNN2o(1) Nic20(1)
NNN1(2) Nic1(2) NNN2(2) Nic2(2) . NNN20(2) Nic20(2)
NNNz1@3)| | Nicy@g NNN2@3)| | Nica@g) NNN2o@)| | Nic2o(3)
NNNz1@4)| |Nicia) NNN2@4)| | Nic2@) NNN2o@)| | Nic2o)
NNNz1(5) Nic 1(5) NNN2(5) Nic 2(s) NNN2o5) Nic 20(5)
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Test 1

R = NNNp(x)/Nic(x)

Test 2

R = NNN/Nic
randomly

Replicates

Replicates

ratio NNN/Nic (Unpaired measurements)

C I\l/l 6
Laboratories 1 2 20
NNN1(1) Nic1(1) NNN2(1) Nic2(1) NNN 20(1) Nic20(1)
NNN1@2) —*Nic1(2) NNN2@2) —Nic2(2) s NNN20(2) [ Nic 20(2)
NNN 13— Nic 1(3) NNN2@) ™t Nic 2(3) NNN 20(3) — NiC 20(3)
NNN 1(a) Nic 1(4) NNN2(4) Nic 2(4) NNN 20(4) Nic 204)
NNN1(5) Nic 1(5) NNN2(5) Nic 2(5) NNN 20(5) Nic 20(5)
C I\l/l 6
Laboratories 1 2 20
NNN1){ « Nic1() NNN21){ 4 Nic2q) NNN 20(1) Nic20(1)
NNN 1(2)*% Nic12)| |NNN2@\\/yNic2@| ., NNN20@2) N\ {fNic20(2)
NNN1@3){ [Nicip) NNN2@3) 1A J Nic23) NNN2oe3) | /~Nic20(3)
NNN 1(4)f_x NiC 1) NNN2@)| Al Nic 24 NNN 20(4) A Nic 20(a)
NNN15) T | Nic 1) NNN25){ | Nic2s) NNN 20(5) rNic 20(5)
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ratio NNN/Nic (Unpaired measurements)

Test 1
R = NNNp(x)/Nic(x)

Replicates

Test 2
R = NNN/Nic
randomly

Replicates

Cl\l/l6
Laboratories 1 2 20
NNN1(1) Nic1(1) NNN21) Nic2(1) NNN 20(1) Nic20(1)
NNN1@2) —rNic1(2) NNN2@2) —Nic2(2) s NNN20(2) —* Nic 20(2)
NNN1(3) Nic 1(3) NNN23) Nic 2(3) NNN 20(3) NicC 20(3)
NNN 1(4) —# Nic 1(4) NNN 2@4) —+ Nic 2(a) NNN 20(4) —# NicC 20(4)
NNN1(5) Nic 1(5) NNN2(s) Nic 2(5) NNN 20(5) Nic 20(s)
Grand mean= 14.6 r=4.0 R=6.2
Cl\l/l6
Laboratories 1 2 20
NNNz1@1){ 4 Nic1) NNN21){ 4 Nic2q) NNN 20(1) Nic2o(1)
NNN 1(2)v§ Nic12)| |NNN2@)\\/yNic2@| ., NNN20@2) N {fNic20(2)
NNNz1@3){ [Nici) NNN2e3) 1A | Nic 2(3) NNN 20(3) NiC 20(3)
NNN1@yh 4 Nic1@4)| | NNN2@y| Al Nic 2 NNN 20(4) HASNic 2004
NNNz1)T 1 Nic 1) NNN2@E)f | Niczs) NNN 20(5) Nic 20(5)
Grand mean= 14.4 r=3.4 R=5.6

Where is the reality ?
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Simulations
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= With only these two chosen tests the repeatability and the
reproducibility varied by 36% and 19%, respectively.

= To have an idea of the distribution of the repeatability and
reproducibility values, we have made simulations to
generate and to evaluate a greater number of tests.

viewed by CORESTA

= Simulations are based on “bootstrap” strategies (sampling
methodology)
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Ratio created by Bootstrap Strategy

Laboratory 1

Laboratory k

All Bll
Az B,
A13 BlB
A1s B4
A15 BlS
Data
A Bi1
Ak2 Bk2
A Bks
Ava Bya
As Bys

Combinations

>

Combinations

>

All / Bll
All / BlZ
All / BlB
All / Bl4
All / BlS

Ais | By
A15 / B]_z
Ais [ Big
Ais | By
Ais [ Bys

A | B
At I Bia
Akl / Bk3
Aii I Bia
Ai I Bys

Ak5 / Bkl
Ak5 / Bk2
Ak5 / Bk3
Axs [ By,
Axs [ Bys

Bootstrap

>

Bootstrap

—>

Ratios Ratios

Az /By A/ By
A, /By A /By
A14/ Blg A13 / BlZ
All / B]_5 A12 / BlS
A, /By A / By
Ratios Ratios

Ao I By, Ag /By,
Ak3 / Bk3 Ak4 / Bk3
Ak2 / Bkl Ak2 / Bkl
Axs | Byg As [ Ba
Akl / Bk5 Akl / Bk5
gl P

Ry

R,

Ratios

A/ By
A2 /By
A11 /B
A3/ Bys
A5/ By

Ratios

Ao I Big
A I Bys
A | By,
Aus | Bia
Ays | Bys

I'100
R100

100 simulations >
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Results

CM6

1.6 mg NIC/cig
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> 45 ~
X
B e : | 23 ng NNN/ci
& ~ ng Cig
© B Test 2 x
: -
47 XA
o % x
X 32 XX
X X XX 0
X
x >?<x ><3§€)§?<x§§ % 74 /0
35 XX
X X X
* X x
I X
X 3K X
X x ;(x)g(
< o XX & xx > 7.5
Xx =
3 A X7« =
XX x y ) ATestl
o 7]
S B Test2 9 x
© X
25 e os ¥ g X
% . X% % % x><><
x x « ><>><<x>§< % Xx x
X x >>’<A><><><><
6 §§<§i Xx©o X 0
X XX % i
2 . . . UMV 95 ¢ 48 A)
135 14 145 15 Wy X
Mean (ng of NNN per mg of NIC) 5.5 y X
X X
5 A X
X
45 -
4.
3.5 . . .
135 14 14.5 15

ISO smoking method

Mean (ng of NNN per mg of NIC)
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Intermediate conclusion

= Simulations highlighted the wide range of
estimated repeatablility and reproducibility using
nicotine ratio (example NNN/NIC 74% for r and
48% for R).

= Accuracy of nicotine ratio expression cannot
be clearly determined using the basic method
for the determination of repeatability and
reproducibility defined by ISO 5725 standard.

<
'_
n
L
o
O
O
>
a
°
9]

= Need to define a strategy to evaluate the r&R or
to use alternative approaches.
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Alternative approaches (Ratiomean Nic)

1) Computation of r&R using the mean of nicotine (per laboratory):

1R|5F
Laboratories 1 2 20
% NNN1(1) NNN2(1) NNN 20(1) —>
§ NNN12) Nic 1 NNN2@2) Nic 2 . NNN 20@2) —> Nic 20
S | NNN1@3) NNN2(3) NNN2o@) —
& NNN 1) NNN2(4) NNN 20(4) —>
\\NNNl(S) NNN2(5) NNN 205 — /

—~,

Outliers detection

1L

r& R assessment

@  ISO 5725 standard procedure can be applied

(») * Intra-laboratory standard deviation of nicotine is not taken into
consideration (not a problem if the process is under control (1ISO))
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2+ AR — NNN -+ ANNN N
NIC +ANIC R

NNN (1+ ANNN/NNN - NIC
R+AR = (L-+ ANNN/NNN)
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2 3
R+ AR — NNN 14 ANNN 1—ANIC+ ANIC )" (ANIC L
NIC NNN NIC NIC NIC

ANICY
1st hypothesis | If ANIC small :> (—j negllglbleg

NIC NIC
24 AR~ NNN (1+ ANNN j(l_ ANIC)
NIC NNN NIC 2nd hypothesis

NNN( ANNN  ANIC (ANNN CD ANIC  ANNN
1+ — — Eo and

R+AR=— f
NIC NNN NIC N NIC : NIC NNN |

R+ AR

_ NNN N NNN (ANNN  ANIC
NIC  NIC \_ NNN NIC
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2
V(aR) = "NV V(ANNL\') +V(AN'2C) _ 2 JV(ANNN) < V(ANIC) x 2AAAB)
NICZ | NNN NIC AxB
I the measurements are totally unpaired, the correlation=0. 31 hypothesis
2
v (aR) = NN [V(ANNL\I) +V(ANI2C)}
NICZ | NNN NIC
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Alternative approaches Model EP

2) Theory of Error Propagation:
« Compute the r&R of NNN and NIC using the ISO standard
« Used a model to estimate the r&R of the ratio A/NIC

5(;? CFP -
£  Product ainstream smoke / Analyte (A) quantitation |:> rNNN&.RNNN

. Estimation of:

Fnnnnie & Ry

P Nicotine (B) quantitation I:> rNiC&RNiC
g

CFP 2
NNN“| V(ANNN) V(ANIC
v (ar) = NNNZTV(ANNN) |V (ANIC)
NIC NNN NIC

a3
oo

") «1S0 5725 standard procedure can be applied

A *The model can only be applied if some hypothesis are true:

1) ANIC ANNN
NIC NNN

small (Taylor expansion simplification) 2) small (simplification of equations)

3) the measurements are totally unpaired, the correlation=0

SSPT2011 - Document not peer-reviewed by CORESTA
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Reproducibility

[0}
)

® Model EP
® Ratio mean nicotine ISO smoking regime

CM6
y x ~ 1.6 mg NIC/cig
K o x ~ 23 ng NNN/cig

~
o

Reproducibility

(o]
[6)]
X
X%
« X

X ¢ X
6 §2< XS X
X XXX )X(Xx
X x XX >><5<>%< X
5.5 X X
X X

<
'_
(%)
5 X s
o
@)
B
X B
45 g
o
o
4 T T 1 8
135 14 14.5 15 15.5 S
3
[8]
Mean (ng of NNN per mg of NIC) ]
o
—
o
i
o
(99}
(%)
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Reproducibility

150 1
2| ®ModelEP ° o ISO smoking regime
—_ 7] X
o ® Ratio mean nicotine x %% X
= I % 1R5F
X X X .
S 1307 X oo X ~ 0.16 mg NIC/cig
(®) XX X X .
S o xx ~ 44 ng NNN/cig
(D) XX XX XX X X
D: 120 A Xy X 9 XXX
x X
110 - x
X
% X X
100 T o
X X o« X
X xR XX i
90 - N %
x g
80 - g
250 255 260 265 270 275 280 285 290 =
Mean (ng of NNN per mg of NIC) 8
7]
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Conclusions

= The best method to determine r&R using nicotine
ratio Is to perform paired measurements

= Some alternative approaches can be suggested.
However, each proposal has drawbacks

= The different approaches can give different
results of r&R, especially for low nicotine yield
cigarettes

ed by CORESTA

= Further investigations are under progress to know
which alternative approaches (Model EP or Nic
mean ) could fit the purpose




