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§ Manufacturers are increasingly being asked to 
report data on their products 

§ The objective of these requests is to use data for  
– Public communication 
– Product comparison 
–  Introduction of smoke yield ceilings 

Context 

§ FDA - Testing of HPHCs 

§ Health Canada - Testing of 44 smoke emissions 

§ Other Regulatory Authorities e.g. in Taiwan, 
Brazil, China, etc -  

§ WHO / TobReg – Proposed ceilings on 9 smoke constituents 
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Issue 
§ Reporting data means 

– Different laboratories 
§ Materials and apparatus 
§ Operators 

§  Laboratory supervision and quality system 

– At different times 

– With potentially different analytical methods 

How to compare two sets of data? 
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x 

A B 

= 

x 

A B 

≠ 

 Product comparison A and B; Parameter X 

Different days 
or 

Different labs 

B A: =H

)S,B,S,A( 22
exp BAt )2(n df A −−= Bn

Hypothesis:   

Calculate:    

Comparison of means by 
Student’s t-test 

thtt <exp H accepted 
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Cig X : Lab 1 
Cig Y : Lab 2 
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Acetaldehyde yields of 2 cigarettes 
from 2 labs 

Mean comparison 

Cig X ≠ Cig Y 

Cig X: 3R4F 
Cig Y: 3R4F 

5 replicates for each lab 

Using the Student’s t-test  the 
means for the two cigarettes are 
significantly different at α = 0.05. 

*CORESTA Recommended Method 74 (2011)  

20
12

_T
S

R
C

45
_C

ah
ou

rs
.p

df
T

S
R

C
20

12
(6

6)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed



6 

NNN of Ky-1R5F from 2 labs  

*CORESTA 2006 joint experiment data  

P = 0.1262 

5 replicates 

Lab 1 = Lab 2 
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P = 0.0190 

3 replicates 
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t-test is not appropriate to compare data coming from different labs 
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x 

A B B 

 Product comparison A and B; Parameter X 

Same laboratory 
Different days 

Day 1 Day 2 

Interday 
precision 

Lab 1 

B 

Interlab 
precision 

Lab 2 

Different 
 laboratories 

= ≠ ≠ 

it is important to take into account all the factors 
which affect variation 
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3wσ

2wσ

1wσ

Lab mean 

wpσ

Lσ

22
LrR σσσ +=

Reproducibility 

RR σ8.2=

wir σσ =

Repeatability 

rr σ8.2=

Lab 1 Lab 2 Lab 3 Lab p 

Replicate 

 Intra- and Inter-laboratory variability  

wσ = within-lab standard deviation 
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Repeatability conditions stipulate that the test results are obtained by the same 
method on identical test items in the same laboratory by the same operator using the 
same apparatus within short periods of time.  

Reproducibility conditions stipulate that the same method is conducted on identical 
test items in different laboratories, which necessarily involves different operators and 
apparatus. 

Intermediate precision conditions allow for the varying of factors such as operators 
and apparatus over longer periods of time within a single laboratory  

 Intra- and Inter-laboratories variability  

red: required

blue: optionnal

aStandard test method dependent, typically does not exceed one day

Not SpecifiedMultiple DaysShortaTime between Tests

DifferentDifferentSameApparatus

DifferentDifferentSameOperator

DifferentSameSameLaboratory

Reproducibility
Conditions

Intermediate Precision
Conditions

Repeatability
Conditions

red: required

blue: optionnal

aStandard test method dependent, typically does not exceed one day

Not SpecifiedMultiple DaysShortaTime between Tests

DifferentDifferentSameApparatus

DifferentDifferentSameOperator

DifferentSameSameLaboratory

Reproducibility
Conditions

Intermediate Precision
Conditions

Repeatability
Conditions
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Measurement 
Result 

Analysis 
(detection, integration…) 

Sample preparation 
(Extraction, dilution…) 

Smoking 

Environment control 
(Temperature, Humidity…) 

Sampling 

Repeatability 
(same lab) 

Intermediate precision 
(same lab) 

Apparatus Reagents, materials  
and Standards Operator 

Laboratory supervision 
and quality system 

Reproducibility 
(different labs) 

 

Measurement 
Result 

Measurement 
Result 

+ 

= 
Apparatus Reagents, materials  

and Standards Operator 

 Intra- and Inter-laboratory variability  
Factors Influencing Outcomes Include: 
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Measured in two labs 

Measured in the same lab 
(long period of time) 

Measured in the same lab 
(short period of time) 

 Product comparison A and B; Parameter X 

Critical Difference 
To determine whether or not data originating 
in the same lab or in two laboratories are in 
agreement, calculate the absolute difference 
between the two results and compare to the 
critical difference (CD):  

Smoke compound yields 
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Cig X : Lab 1 
Cig Y : Lab 2 

Acetaldehyde yields of 2 cigarettes 
from 2 labs 

Cig X: 3R4F 
Cig Y: 3R4F 

5 replicates for each lab 

comparison 
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There is no significant difference 
between the two products 

< 

*CORESTA Recommended Method 74 (2011)  
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Intra-lab comparison: 

Cig A: US blended style cigarette (tar: 10 mg/cig ISO) – French market 
 
Cig B: US blended style cigarette (tar: 10 mg/cig ISO) – French market 

Yields comparison of 33 smoke compounds generated under ISO 
smoking regime   

Same laboratory =  
ü  CD based on Repeatability and intermediate precision 

• Long period of time 

ü  Validated methods 
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Intra-lab comparison: 2 cigarettes 

Cig A = Cig B 
Normalized difference (repeatability and Intermediate precision) 

-100 % -80 % -60 % -40 % -20 % 0 % 20 % 40 % 60 % 80 % 100 % 

Cig A Cig B 

TAR -6% 10.24 9.68 NICO 0.81 0.78 CO -12% 10.3 9.1 Acetaldehyde -19% 716 595 Acetone -19% 242 201 Acrolein -28% 65 49 Butyraldehyde -13% 24.7 21.7 Crotonaldehyde -32% 13.3 9.6 Formaldehyde -21% 35.8 29 MethylEthylKetone -19% 77 64 Propionaldehyde -22% 39 31 Cathecol -14% 51 44 Hydroquinone 49.2 47.4 mp_Cresol 2% 9.5 9.8 O_cresol 11% 3.4 3.8 Phenol 1% 12.3 12.5 Resorcinol 6% 0.76 0.8 BaP -22% 7.9 6.3 1AMN -10% 133 12 2AMN -8% 7.3 6.7 3ABP -5% 1.9 1.82 4ABP -4% 1.25 1.2 NO -14% 151 132 Acrylonitrile -20% 9.6 7.9 Benzene -16% 45 38 Butadiene -14% 56 48 Isoprene 3% 345 354 Toluene -9% 66 61 Styrene -22% 7.8 6.2 NAB 25% 7.4 9.5 NAT -1% 58 57 NNK 24% 33 42 NNN -4% 
100 96 

-4% 

-4% 

CDIP (%) 
Normalized difference (%) < CDIP (%) 
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Intra-lab comparison: 

Cig A: US blended style cigarette (tar: 10 mg/cig ISO) – French market 
 
Cig C: US blended style cigarette (tar: 8 mg/cig ISO) – French market 

Yields comparison of 33 smoke compounds generated under ISO 
smoking regime   

Same laboratory =  
ü  CD based on Repeatability and intermediate precision 

• Long period of time 

ü  Validated methods 
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Intra-lab comparison: 2 cigarettes 

Cig A ≠ Cig C 

-100 % -80 % -60 % -40 % -20 % 0 % 20 % 40 % 60 % 80 % 100 % 

Cig A Cig C 

TAR -31% 10.24 7.48 NICO -38% 0.81 0.55 CO -25% 10.3 8.9 Acetaldehyde -44% 716 458 Acetone -43% 242 157 Acrolein -56% 65 36 Butyraldehyde -38% 24.7 16.8 Crotonaldehyde -54% 13.3 7.6 Formaldehyde -58% 35.8 19.7 MethylEthylKetone -48% 77 47 Propionaldehyde -40% 38.9 25.8 Cathecol -33% 51 37 Hydroquinone -41% 49.2 32.5 mp_Cresol -32% 9.5 6.9 O_cresol -35% 3.41 2.4 Phenol -38% 12.3 8.4 Resorcinol -6% 0.76 0.72 BaP -45% 7.9 5 AMN -21% 13.3 10.8 AMN -18% 7.3 6.1 ABP -18% 1.9 1.58 ABP -18% 1.25 1.04 NO -36% 151 105 Acrylonitrile -37% 9.6 6.6 Benzene -24% 45 35 Butadiene -32% 56 40 Isoprene -5% 345 327 Toluene -20% 66 54 Styrene -49% 7.8 4.7 NAB 29% 7.4 9.9 NAT -4% 58 55 NNK 10% 33 37 NNN -32% 100 73 

Normalized difference (repeatability and Intermediate precision) 
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Inter-lab comparison: 

Different laboratories =  
ü  CD based on Repeatability and Reproducibility 
ü  Standardized methods 

Cig A: US blended style cigarette (tar: 10 mg/cig ISO) – French market 
Ø  Laboratory 1 
Ø  Laboratory 2 

Formaldehyde 
Acetaldehyde 
Acetone 
Acrolein 
Propionaldehyde 
Crotonaldehyde 
Methyl EthylKetone 
Butyraldehyde 

B(a)P:  ISO 22634:2008  

NIC:  ISO 10315 :2000 
TAR:  ISO 4387 :2000 
CO:  ISO 8454 :2007 

NNN 
NNK 
NAT 
NAB 

Benzene   
Toluene 
1,3-butadiene 
Isoprene 
Acrylonitrile CRM 74 

(2011) 

CRM 70 
(2010) 

CRM 75 
(2012) 

Yields comparison of 21 smoke compounds generated under ISO 
smoking regime   

20
12

_T
S

R
C

45
_C

ah
ou

rs
.p

df
T

S
R

C
20

12
(6

6)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed



18 

Inter-lab comparison: 2 cigarettes 

Cig A (Lab 1) = Cig A (Lab 2) 

Normalized difference (repeatability and Reproducibility) 
-100 % -80 % -60 % -40 % -20 % 0 % 20 % 40 % 60 % 80 % 100 % 

Cig A 
Lab 1 Cig A 

Lab 2 

TAR -4% 10.2 9.8 NICO 0% 0.81 0.81 CO -2% 10.3 10.1 Acetaldehyde -26% 716 552 Acetone -10% 242 218 
Acrolein -9% 65 59 Butyraldehyde -12% 24.7 22 Crotonaldehyde 14% 13.3 15.3 Formaldehyde -31% 36 26 

MethylEthylKetone -48% 77 47 Propionaldehyde 12% 39 44 BaP 7.9 6.1 Acrylonitrile 9.6 13.5 Benzene -6% 45 42 
Butadiene 9% 56 61 Isoprene -30% 345 256 Toluene 1% 66 67 NAB 34% 7.4 10.4 

NAT 41% 58 87 NNK 10% 33.1 36.8 NNN 100 88 -12% 

33% 
-26% 

CDR (%) 
Normalized difference (%) < CDR (%) 

Normalized difference (%) > CDR (%) 
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Inter-lab comparison: 

Cig A: US blended style cigarette (tar: 10 mg/cig ISO) – French market 
 C LAB 1 

 

Cig B: US blended style cigarette (tar: 10 mg/cig ISO) – French market 
 C LAB 2 

 

Different laboratories =  
ü  CD based on Repeatability and Reproducibility 
ü  Standardized methods 

Yields comparison of 21 smoke compounds generated under ISO 
smoking regime   
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Inter-lab comparison: 2 cigarettes 

Cig A (Lab 1) = Cig B (Lab 2) 

Normalized difference (repeatability and Reproducibility) 
-100 % -80 % -60 % -40 % -20 % 0 % 20 % 40 % 60 % 80 % 100 % 

Cig A 
Lab 1 Cig B 

Lab 2 

TAR -7% 10.2 9.5 NICO 0.81 0.79 CO 10.3 9.4 Acetaldehyde 716 558 Acetone -23% 242 192 Acrolein -35% 65 46 Butyraldehyde -25% 24.7 19.2 Crotonaldehyde -7% 13.3 12.4 Formaldehyde -42% 36 23 MethylEthylKetone 77 48 Propionaldehyde -11% 38.9 34.9 BaP 7.9 5.5 Acrylonitrile 18% 9.6 11.5 Benzene -28% 45 34 Butadiene -16% 56 48 Isoprene 345 209 Toluene -22% 66 53 NAB 28% 7.4 9.8 NAT 37% 58 84 NNK 24% 33.1 42.1 NNN -16% 100 85 

-23% 

CDR (%) 
Normalized difference (%) < CDR (%) 

-25% 

-35% 
-47% 

-9% 

Normalized difference (%) > CDR (%) 

-3% 
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Inter-lab comparison: 

Cig A: US blended style cigarette (tar: 10 mg/cig ISO) – French market 
 C LAB 1 

 

Cig C: US blended style cigarette (tar: 8 mg/cig ISO) – French market 
 C LAB 2 

 

Different laboratories =  
ü  CD based on Repeatability and Reproducibility 
ü  Standardized methods 

Yields comparison of 21 smoke compounds generated under ISO 
smoking regime   
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Inter-lab comparison: 2 cigarettes 

Cig A (Lab 1) ≠ Cig C (Lab 2) 

Normalized difference (repeatability and Reproducibility 
-100 % -80 % -60 % -40 % -20 % 0 % 20 % 40 % 60 % 80 % 100 % 

Cig A 
Lab 1 Cig C 

Lab 2 

TAR -31% 10.24 7.5 NICO -36% 0.81 0.56 CO -27% 11.3 8.6 Acetaldehyde -62% 716 376 Acetone -37% 242 166 Acrolein -47% 65 40 Butyraldehyde -39% 24.7 16.6 Crotonaldehyde -30% 13.3 9.8 Formaldehyde -63% 36 19 MethylEthylKetone -80% 77 33 Propionaldehyde -26% 38.9 29.9 BaP -33% 7.9 5.6 Acrylonitrile 7% 9.6 10.3 Benzene -35% 45 31 Butadiene -21% 56 45 Isoprene -57% 345 193 Toluene -32% 66 48 NAB 24% 7.4 9.4 NAT 26% 58 75 NNK -2% 33.1 32.5 NNN -34% 100 71 

CDR (%) 
Normalized difference (%) < CDR (%) 

Normalized difference (%) > CDR (%) 

20
12

_T
S

R
C

45
_C

ah
ou

rs
.p

df
T

S
R

C
20

12
(6

6)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed



23 

Impact of the number of replicates on CD 
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reduced by increasing 
the number of replicates 
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Impact of the number of replicates on CD 
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Conclusions 
§ Using the t-test for product comparison can give 

wrong conclusions* 
§   In the context of reporting data for regulatory 

purposes, it is fundamental to consider the 
variability in its full definition (accuracy) to 
avoid misleading information. 

§ Critical difference based on method reproducibility, 
as defined in the ISO 5725, is the best way to 
compare data from different laboratories 

§ Number of replicates does not have an impact on 
the critical difference  

*Poster 11:  Limitation of standard deviation to express variability 
   Teillet B, Verron T, Cahours X, Colard S, Purkis S. 
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COMPARISON OF ANALYTICAL DATA 
PROVIDED BY DIFFERENT LABORATORIES 
Xavier Cahours, Thomas Verron, Steve Purkis, Stephane Colard 

Imperial Tobacco Science website: http://www.imperialtobaccoscience.com 
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