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Abbreviations used in this report 

3-HPMA:  3-hydroxypropyl-mercapturic acid 

ECC:  embedded calibration correction 

LC-MS/MS: liquid chromatography with tandem mass spectrometry 

LOQ:  limit of quantification 

L1 – L4: spiked and lyophilised urine samples with defined concentrations of 3-HPMA 

P1 – P5:  pooled urine samples from studies with unknown concentrations of 3-HPMA 

r:  repeatability, an estimate of the intra-laboratory variability of data 

R:  reproducibility, an estimate of the inter-laboratory variability of data 

SD:  standard deviation  
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1. Summary 

Four levels of spiked urine samples with defined concentrations of 3-HPMA and 5 samples of 

pooled urine with different concentrations of 3-HPMA were distributed blind to 12 

laboratories, worldwide.  Analysis was successful and valid results were returned from all 

participating laboratories.  Each laboratory used its own internally validated method for the 

analysis.  The data set for this interlaboratory comparison study was analysed for intra-

laboratory variation, based on repeatability, r, and inter-laboratory variation, based on 

reproducibility, R, according to ISO 5725 as a framework to detect outliers and estimate 

method performance within and between participating laboratories.  Statistical evaluation was 

carried out by an independent group. 

The use of 4 levels of spiked urine, which were analysed as unknowns by each laboratory, 

allowed the statistical evaluation group to generate independent calibration curves for each 

laboratory and to adjust the concentration of the unknown samples within each laboratory.  

This process is known as embedded calibration correction (ECC) adjustment. 

The r- and R-values were calculated for the unadjusted and the ECC-adjusted data with and 

without the removal of outliers that were identified with the Grubb’s and Cochran’s tests, as 

specified in ISO 5725. 

These analyses showed that intra-laboratory variability for both unadjusted and ECC-adjusted 

values were generally within the Sub-Group’s acceptable limits, with r-values ranging from 1 

to 13% of the respective mean values.  However, the inter-laboratory variability obtained for 

unadjusted and ECC-adjusted values were outside the Sub-Group’s acceptable limits with R-

values ranging from 26 to 76% of the relevant mean value for unadjusted and from 7 to 100% 

for the ECC-adjusted relevant mean values.  Despite this wide range in R-values, ECC 

adjustment did reduce the absolute concentration variability in the inter-laboratory data 

analyses, and 8 out of 12 participating laboratories provided data that was within the 

consensus value of the mean ± 2SD for all of the ECC data, at every concentration tested.  

However, even with ECC adjustment, one laboratory was an outlier for all data returned. 

Collectively, these data show that a large amount of inter-laboratory variation is found when 

each laboratory uses its own, internally validated method for 3-HPMA analysis.  The use of 

ECC has shown that this variability can be reduced for 11 out of 12 laboratories, suggesting 

that the use of a consistent certified reference material across the laboratories could be of 

some use in reducing inter-laboratory variability.  However, even with this ECC approach, the 

level of inter-laboratory variability remains higher, suggesting that further investigation is 

required. 

It is recommended that identification of the techniques used in the 8 laboratories that returned 

within consensus data and comparing and contrasting them with the other 4 laboratories that 

gave more variability should be carried out.  After this, further work to identify critical steps 

in the analytical procedure that have the greatest impact on variability could be sought. 

2. Background 

After the publication of the report from the Institute of Medicine on tobacco harm reduction 

(Institute of Medicine, 2001), there has been resurgent interest in the measurement of 

biomarkers associated with exposure to tobacco smoke.  These biomarkers have been used in 

several clinical studies to assess smoke constituent exposure in smokers and non-smokers and 

have recently been used in the evaluation of novel tobacco products. 
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Of major interest to the members of CORESTA is the quality of biomarker analysis that takes 

place in any studies of tobacco products use.  From the literature and from the number of 

presentations on biomarkers at CORESTA meetings in recent years there is an increasing 

amount of research being conducted in this area.  In addition, there is an increasing amount of 

interest in biomarker work from external scientists and regulators.  Therefore, it would be of 

benefit to all members of CORESTA to ensure that robust data are produced from biomarker 

analyses as this would aid the credibility of such research. 

To address this, a CORESTA Biomarkers Sub-Group was set-up in 2009 with the following 

mandate: 

 To review new studies and analytical methods of tobacco and smoking-related 1.

biomarkers of exposure and effect. 

 To undertake ring trials/proficiency tests for selected biomarkers, as agreed by the 2.

Scientific Commission. 

 To source and develop reference materials to support biomarker analysis for those 3.

biomarkers selected for ring trials/proficiency tests. 

In support of objective 2, it was proposed that interlaboratory comparison studies should be 

set-up to investigate the robustness of current analytical techniques for the quantification of 

biomarkers.  The benefit of having robust methods for biomarker analysis would be to give 

confidence in data obtained within studies, but also to allow better comparison of different 

studies, especially those studies where different laboratories have carried out such analysis. 

For any specific study, the aim would be to conduct an interlaboratory comparison of a 

specific biomarker, to investigate the variability of analytical data from common samples, 

both within and across participating laboratories.  The approach taken for an interlaboratory 

comparison study is for each laboratory to use its own, internally validated, method. 

At the CORESTA Biomarkers Sub-Group meeting conducted in Edinburgh on the 12
th

 

September 2010, it was agreed that the first interlaboratory comparison study would be 

carried out on the urinary acrolein metabolite 3-HPMA (3-hyroxypropyl-mercapturic acid), as 

this represents a biomarker for a smoke toxicant for which an established method was 

available within most laboratories potentially interested in participating.  In addition, it was 

agreed that external laboratories that are not represented in the CORESTA Sub-Group, but are 

known to have an interest in this area, should be contacted to find out if they would be willing 

to participate. 

3-HPMA is the major urinary metabolite of acrolein and other allylic compounds (Linhart et 

al., 1996, Sanduja et al., 1989).  For analysis of 3-HPMA the most common method used in 

contemporary literature is liquid chromatographic separation followed by tandem mass 

spectrometry detection (LC-MS/MS).  Specific and sensitive methods for the determination of 

urinary 3-HPMA have been developed and allow the widespread application of this method 

for assessing exposure to acrolein, a gas phase constituent of tobacco smoke (Mascher et al., 

2001, Scherer et al., 2006, Scherer et al., 2007). 

Due to the potential importance of 3-HPMA as a biomarker of exposure to acrolein in a 

tobacco context, it is necessary to assure the comparability of results obtained in different 

laboratories.  From previous ring trials conducted through the CORESTA Task Force for 

Nicotine Uptake, it was identified that the use of common certified reference material for 

nicotine and its 5 major metabolites in urine (‘Nic+5’) led to lower inter-laboratory variability 

in the quantity of total Nic+5 reported (Scherer, 2009).  Therefore, as part of the proposed 

interlaboratory comparison study, lyophilised 3-HPMA reference materials together with 

authentic human urine samples were provided to the participating laboratories, to minimise 

intra- and inter-laboratory variations in 3-HPMA analysis. 
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3. Methods 

 Lyophilised 3-HPMA Reference Materials 3.1

Lyophilised 3-HPMA reference materials in urine were prepared in 4 concentration bands 

(L1-L4): 

 Background level: un-spiked, non-smoker’s urine or urine pool (intended 3-HPMA 1.

concentration: 30 – 50 ng/ml) 

 Low smoking level: non-smoker’s urine or urine pool spiked with 3-HPMA (intended 2.

3-HPMA concentration: 400 ng/ml) 

 Medium smoking level: non-smoker’s urine or urine pool spiked with 3-HPMA 3.

(intended 3-HPMA concentration: 1200 ng/ml) 

 High smoking level: non-smoker’s urine or urine pool spiked with 3-HPMA (intended 4.

3-HPMA concentration: 3600 ng/ml) 

3-HPMA reference material, used for spiking the above samples and then supplied to 

participating laboratories with the sample distribution, was provided by Synthèse AptoChem 

Inc., Montreal, Canada.  The reference material was already available and ready for use.  It 

had been used in a previous study (Minet et al., 2011). 

AptoChem also supplied a certificate of purity for the reference chemical. 

All lyophilised samples were stored in crimped glass vials, prepared under argon.  150 

lyophilised samples (in glass vials) per level (L1–L4, see above) were prepared.  Each sample 

amount was sufficient for a duplicate analysis of 3-HPMA. 

 Preparation and Shipping of Samples for Inter-Laboratory Comparison 3.2

Analytisch-Biologisches Forschungslabor (ABF) Germany was the central reference 

laboratory, which prepared and shipped the samples and reference materials used in this 

interlaboratory comparison study. 

Participating laboratories were sent the following samples: 

Blinded triplicates of lyophilised samples in the 4 exposure levels (background, low, medium, 

high) as described above.  The lyophilised samples were to be reconstituted with a defined 

volume of water according to instructions provided with the samples.  This volume was 

sufficient for at least duplicate analysis.  The 12 lyophilised samples (samples L1-L4 as 

indicated above) shipped to each laboratory were coded using numbers LU1 to LU12.  The 

code was only known to the reference laboratory (ABF) and the statistical evaluating group, 

which was not one of the participating laboratories. 

Blinded triplicates of 5 different pooled urine samples (covering a range of 3-HPMA levels 

from non-smoking to high-smoking-related exposure levels, samples P1-P5).  Urine volumes 

provided were sufficient for at least duplicate analysis.  The 15 frozen urine samples (samples 

P1-P5) shipped to each laboratory were coded by numbers U1 to U15.  The code was only 

known to the reference laboratory (ABF) and the statistical evaluating group, which was not 

one of the participating laboratories. 

 Shipment of Samples  3.3

All sample aliquots were shipped on dry ice to the participating laboratories.  They were sent 

to pre-advised addressees, and each laboratory contact was notified about the shipment in 

advance and given a trace number for the shipment. 
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 Participating Laboratories 3.4

Participating laboratories were: 

Analytisch-Biologisches Forschungslabor (ABF), Germany (Reference Laboratory) 

Celerion, USA 

China National Tobacco Quality Supervision and Test Centre, China 

China Tobacco Zhejiang Industrial Company, Ltd, China 

Japan Tobacco, Japan 

KT&G Research Institute, South Korea

Labstat International ULC, Canada

SEITA-Imperial Tobacco Group, France 

Shanghai Tobacco Group Co., Ltd, China 

Zhengzhou Tobacco Research Institute of CNTC, China

Institute of Occupational and Social Medicine, RWTH Aachen University, Germany 

Institut und Poliklinik für Arbeits, Social und Umweltmedizin (IPASUM), Erlangen, Germany

 Data Reporting 3.5

The following data were reported on an Excel spreadsheet to the statistical evaluating group 

by each participating laboratory: 

 Calibration equation generated and used for 3-HPMA analysis 1.

 Concentration in ng/ml and nmol/l for each sample 2.

 Peak area of 3-HPMA for each sample 3.

 Peak area of internal standard for each sample 4.

 Limit of quantification (LOQ) for 3-HPMA 5.

 Principle of analytical method used 6.

 Statistical Evaluation 3.6

The statistical evaluation of data was performed by Professor Wolf-Dieter Heller, Institut für 

Tabakforschung (IfT), Germany, according to the guidelines in ISO 5725 with each 

participating laboratory performing using their own in-house methods. 

The evaluation included the following: 

 Intra-laboratory variation based on the triplicates of lyophilised/spiked and authentic 1.

urine samples 

 Inter-laboratory variation for all samples based on the laboratory’s own calibrations, 2.

compared by the evaluating party 

 Inter-laboratory variation for urine samples based on an embedded calibration derived 3.

from each laboratory’s results for the lyophilised samples 

 Accuracies of 3-HPMA determinations for all samples lyophilised and urine when 4.

using the laboratory’s own calibrations 

 Accuracies of 3-HPMA determinations for the shipped urine samples when using the 5.

embedded calibrations. 
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4. Results 

The data from each laboratory for the 4 spiked urine samples are shown in Figure 1 and those 

from the 5 pooled urine samples are shown in Figure 2.  These figures display the distribution 

of the triplicate measurements for each of the 12 laboratories, coded A to L.  The pooled 

means and upper and lower limits (mean ± 2 SD) for each separate level or pool are shown.   

All laboratories submitted data for each sample.  Where data are not shown on these figures it 

is because they were outside the range of values displayed.  These data were included in the 

initial analyses before outliers were excluded. 

The figures demonstrate that: 

a) occasional results from some laboratories fall outside the overall measurement 

distribution of high or low limits (mean ± 2 SD) of acceptability; and 

b) some laboratories have a higher internal variability (intra-laboratory variability) 

compared to the group as a whole. 

Using the Grubbs and Cochran test procedure (ISO 5725) for detecting significantly higher or 

lower mean measurements for one centre within a group, or for detecting excessive internal 

variability within a laboratory’s replicate measurements, the following outliers were found 

(p<0.01): 

 L2  lab E and  lab L;  P1, P2 and P3 for lab E were Grubbs outliers; and 

 L1 lab E; P2 lab L; P3 lab E; P4 lab B and lab E; and P5 lab H were Cochran outliers. 

The total number of outliers is not distributed across all laboratories.  Only 4 laboratories had 

statistically significantly different measurements from the overall group, and 9 of 11 detected 

outliers came from 2 laboratories.  The pooled means and upper and lower limits (mean ± 2 

SD) shown in Figures 1 and 2 were calculated after removing these outlying measurements. 
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Figure 1. Spiked and lypophilized urine samples: 3-HPMA measurements (triplicates) 

from 4 levels across 12 Laboratories (A to L) 
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Figure 2. Urinary 3-HPMA measurements (triplicates) from 5 pooled authentic urine 

samples across 12 laboratories (A to L) 
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The calculated values for repeatability (r) and reproducibility (R) from the data in Figures 1 

and 2 are shown in Table 1. 

Table 1. Mean values and variability characteristics (r and R) for all samples 

SAMPLE 
mean 

(nmol/ml)† 

r – 
repeatability 
(nmol/ml)† 

r 

(% mean)‡ 

R – 
reproducibilit
y (nmol/ml)† 

R 

(%mean)‡ 

Level L1 
0.134    

(0.137) 
0.012   

(0.018) 
9.0 

0.126   
(0.123) 

65.8 

Level L2 
1.982    

(1.823) 
0.122   

(0.123) 
6.2 

0.515   
(1.141) 

26.0 

Level L3 
5.204    

(5.204) 
0.600   

(0.600) 
11.5 

2.586   
(2.586) 

49.7 

Level L4 
15.019    

(15.019) 
1.074   

(1.074) 
7.2 

7.167   
(7.167) 

47.7 

      

Pool P1 
0.219    

(0.244) 
0.023   

(0.026) 
10.5 

0.100   
(0.254) 

45.7 

Pool P2 
0.732    

(0.836) 
0.090   

(0.148) 
12.3 

0.557   
(0.975) 

76.1 

Pool P3 
1.550    

(1.694) 
0.139   

(0.235) 
9.0 

0.875   
(1.630) 

56.5 

Pool P4 
3.098    

(3.256) 
0.185   

(0.419) 
6.0 

1.411   
(1.723) 

45.5 

Pool P5 
10.156    

(10.211) 
0.543   

(0.798) 
5.3 

5.169   
(4.982) 

50.9 

 

† Data are presented with outliers excluded and included (in parentheses). 

‡ Calculated with outliers excluded. 

Table 1 shows that the repeatability (r) is lower than 1 nmol/ml for all samples, except L4, 

and that the value lies between 5 and 13% of the relevant mean value.  The reproducibility 

(R), lies between 26 and 76% of the relevant mean value and is 4 to 10 times higher than r at 

the same concentrations of 3-HPMA. 

The concentration dependency of r- and R-values is shown graphically in Figure 3. 
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Figure 3. Concentration dependency of r (blue symbols)- and R-values (red symbols) 

 

 

 

Figure 3 shows that the concentration dependencies for r and R are approximately linear.  

However the slope of the lines is much greater for R showing a much higher inter-laboratory 

variability than is seen for the intra-laboratory variability. 

To further investigate this high variability from laboratory to laboratory, an embedded 

calibration correction (ECC) of the individual measurements was performed, based on the 

individual results for the 4 spiked samples, L1 – L4.  This was conducted as follows: 

a) Use the original spike concentrations, based on the reference laboratory’s pre-assigned 

(but unknown to participating laboratories) concentration for each level. 

b) Calculate the calibration function with these pre-assigned spiked concentration values 

by using the peak areas for HPMA and the IS reported by each laboratory. 

c) Recalculate each laboratory’s individual measurements with the ‘embedded 

calibration function’. 

The results of this ECC correction for the spiked samples, L1 – L4 are shown in Figure 4 and 

for the pooled urine samples P1 – P5 are shown on Figure 5. 

As shown in Figure 4, when the original data from all laboratories are re-calculated after 

ECC-adjustment, the inter-laboratory variability is much reduced and all of the mean values 

are increased slightly.  For example for the samples L2, L3 and L4 the highly significant 

outlying values for laboratory E are now in the original consensus range of the other 

laboratories (not shown).  Using the Grubbs and Cochran test (ISO 5725) on the ECC-

adjusted data detects the following data as outliers (p<0.01): 

 L2 and L3 of lab L as Grubbs outliers; and 

 L1of lab E and L4 of lab L as Cochran outliers. 

Units for both axes are in nmol/ml 
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As shown in Figure 5, this general pattern is repeated for the pooled urine samples P1 – P5.  

In general the inter-laboratory variability is reduced and the mean values for the pooled urine 

samples are all slightly increased after ECC-adjustment.  Statistical analysis (ISO 5725) again 

identifies the following data as outliers (p<0.01): 

 P1, P2, P3, P4, P5 for lab E and P4 of lab L are Grubbs outliers; and 

 P1, P2, P3, P4, P5 for lab E; P4 of lab B and P5 of lab H are Cochran outliers. 

All of the results from each laboratory were recalculated after ECC adjustment.  Where data 

are not shown on these figures it is because they are outside the range of values displayed.  

These data are included in the initial analyses before outliers were excluded. 

Again, overall inter-laboratory variability is reduced by ECC adjustment, but some outlying 

data still remain.  All of the pooled urine samples and one of the spiked samples for 

laboratory E are outliers but only occasional outlying data are generated from the laboratories 

B, H and L.  All ECC-adjusted data from 8 laboratories (A, C, D, F, G, I, J and K) are within 

consensus. 

As laboratory E data were identified as outliers for all the pooled samples and for one of the 

spiked samples, the cause for this deviation is unknown and discussion is required to 

investigate the potential reasons for this.  One possible explanation could be the incorrect 

reconstitution of the lyophilised samples, which would mean the ECC correction for the 

authentic urine samples cannot lead to an improvement in Lab E’s results.  However, other 

sources of variability are possible and cannot be pinpointed because of the nature of an 

interlaboratory comparison study, which is performed according to each laboratory’s own 

procedures. 
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Figure 4. Original and ECC-adjusted values of spiked urine samples across 12 

laboratories (A to L) 
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Figure 5. Original and ECC-adjusted values of pooled urine samples across 12 

laboratories (A to L) 
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The calculated values for repeatability (r) and reproducibility (R) from the ECC-adjusted data 

in Figures 4 and 5 are shown in Table 2. 

Table 2. Mean values and variability characteristics (r and R) for all ECC-adjusted 

samples 

SAMPLE mean (nmol/ml)† 
r – 

repeatability 
(nmol/ml)† 

r 

(% mean)‡ 

R – reproducibility 
(nmol/ml)† 

R 

(%mean)‡ 

Level L1 0.154 (0.134) 0.015 (0.012) 1.5 0.154 (0.126) 100 

Level L2 2.246 (1.982) 0.137 (0.122) 6.1 0.429 (0.515) 19.1 

Level L3 6.276 (5.204) 0.596 (0.600) 9.5 0.982 (2.586) 15.6 

Level L4 17.953 (15.019) 0.998 (1.074) 5,6 1.283 (7.167) 7.1 

      

Pool P1 0.249 (0.219) 0.028 (0.023) 11,2 0.098 (0.100) 39.4 

Pool P2 0.837 (0.732) 0.108 (0.090) 12.9 0.694 (0.557) 38.7 

Pool P3 1.795 (1.550) 0.178 (0.139) 9.9 1.049 (0.875) 58.4 

Pool P4 3.578 (3.098) 0.194 (0.185) 5.4 1.472 (1.411) 41.1 

Pool P5 11.356 (10.156) 0.649 (0.543) 5.7 3.634 (5.169) 32.0 

 

† Data are presented with outliers excluded and included (in parentheses). 

‡ Calculated with outliers excluded. 

Table 2 shows that ECC-adjusted r-values are all less than 1 nmol/ml and they fall within a 

range of 1 to 13% of the respective mean values.  For the ECC-adjusted R-value, the absolute 

values fall within the range 0.1 to 3.7 nmol/ml and, as a percentage, range from 7 to 100% of 

the respective mean values.  Thus, the ECC adjustment has some effect on the R obtained for 

spiked control samples, but little effect on the R obtained for pooled, unknown urine samples.  

This is illustrated graphically in Figure 6. 

From Figure 6,  upper panel, it is clear that ECC adjustment of the spiked control samples L1 

to L4 brings all of the r -values down to a range that meets the Sub-Group’s acceptable intra-

laboratory variability, at approximately 10%, while the R-values are larger for the inter-

laboratory variability.  From the lower panel, it is also clear that ECC adjustment has little 
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effect on the R-values from pooled urines samples P1 to P5 that were distributed as unknown 

samples.  The range of R-values across all samples suggests that the inter-laboratory 

variability for the 3-HPMA is not in the Sub-Group’s acceptable range. 

Figure 6. Concentration dependency of r- and R-values before and after ECC 

adjustment 

 

 

All outliers were excluded from the data presented in Figure 6. 
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5. Conclusions 

These analyses show that intra-laboratory variability for both unadjusted and ECC-adjusted 

values are generally within the Sub-Group’s acceptable limits, with r-values ranging from 1 to 

13% of the respective mean values.  However, the inter-laboratory variability obtained for 

unadjusted and ECC-adjusted values are outside the Sub-Group’s acceptable limit, with R-

values ranging from 26 to 76% of the relevant mean value for unadjusted and from 7 to 100% 

for the ECC-adjusted relevant mean values.  Despite this wide range in R-values, ECC 

adjustment does reduce the absolute concentration variability in the inter-laboratory data 

analyses, and 8 out of 12 participating laboratories provided data that is within the consensus 

value of the mean ± 2SD for all of the ECC data, at every concentration tested.  However, 

even with ECC adjustment, one laboratory is an outlier for all data returned. 

Collectively, these data show that a high level of inter-laboratory variation is found when 

each laboratory uses its own, internally validated method for 3-HPMA analysis.  The use of 

ECC has shown that this variability can be reduced for 11 out of 12 laboratories, suggesting 

that the use of a consistent certified reference material across the laboratories could be of 

some use in reducing inter-laboratory variability.  However, even with this approach, the level 

of inter-laboratory variability remains too high and suggests that further investigation is 

required. 

 Recommendations 5.1

It is recommended that identification of the techniques used in the 8 laboratories that returned 

within consensus data are compared with the techniques used in the other 4 laboratories that 

gave more variability, would be a suggested first step.  After this, further work to identify 

critical steps in the analytical procedure that have the greatest impact on variability could be 

sought.  For example, sample condition on reception, including the growth of any 

microbiological contamination, and subsequent sample handling conditions are possible 

explanatory variables that should be addressed. 

6. References 

 Institute of Medicine (2001).  Clearing the Smoke: Assessing the Science Base for 

Tobacco Harm Reduction.  National Academy Press, Washington DC. 

 International Organization for Standardization (1994).  ISO 5725-1 Accuracy (trueness and 

precision) of measurement methods and results - Part 1: General Principles and definitions.  

ISO Publications, Geneva. 

 International Organization for Standardization (1994).  ISO 5725-2 Accuracy (trueness and 

precision) of measurement methods and results - Part 2: Basic method for the 

determination of repeatability and reproducibility of a standard measurement method.  ISO 

Publications, Geneva. 

 International Organization for Standardization (1994).  ISO 5257-3 Accuracy (trueness and 

precision) of measurement methods and results - Part 3: Intermediate measures of the 

precision of a standard measurement method.  ISO Publications, Geneva. 

 International Organization for Standardization (1994).  ISO 5357-4 Accuracy (trueness and 

precision) of measurement methods and results - Part 4: Basic methods for the 

determination of the trueness of a standard measurement method.  ISO Publications, 

Geneva. 



 

BMK-093-1-CTR HPMA Interlaboratory Comparison Study 2012 – July 2016 18/18 

 International Organization for Standardization (1994).  ISO 5257-5 Accuracy (trueness and 

precision) of measurement methods and results - Part 5: Alternative methods for the 

determination of the precision of a standard measurement method.  ISO Publications, 

Geneva. 

 International Organization for Standardization (1994). ISO 5725-6  Accuracy (trueness and 

precision) of measurement methods and results – Part 6: Use in practice of accuracy 

values.  ISO Publications, Geneva. 

 Linhart I, Frantik E, Vodickova L, Vosmanska M, Smejkal J, Mitera J (1996).  

Biotransformation of acrolein in rat: excretion of mercapturic acids after inhalation and 

intraperitoneal injection.  Toxicology and Applied Pharmacology, 136, 155-160. 

 Mascher DG, Mascher HJ, Scherer G, Schmid ER (2001).  High-performance liquid 

chromatographic-tandem mass spectrometric determination of 3-hydroxypropylmer-

capturic acid in human urine.  Journal of Chromatography B: Biomedical Sciences and 

Applications, 750, 163-169. 

 Sanduja R, Ansari GA, Boor PJ (1989).  3-Hydroxypropylmercapturic acid: a biologic 

marker of exposure to allylic and related compounds.  Journal of Applied Toxicology, 9, 

235-238. 

 Scherer G, Urban M, Engl J, Hagedorn HW, Riedel K (2006).  Influence of smoking 

charcoal filter tipped cigarettes on various biomarkers of exposure.  Inhalation Toxicology, 

18, 821-829. 

 Scherer G, Engl J, Urban M, Gilch G, Janket D, Riedel K (2007).  Relationship between 

machine-derived smoke yields and biomarkers in cigarette smokers in Germany.  

Regulatory Toxicology and Pharmacology, 47, 171-183. 

 Scherer G (2009). CORESTA Task Force Nicotine Uptake - Final Report.  CORESTA 

Task Force on  Nicotine Uptake, CORESTA Publications. 

 Minet E, Errington G, Scherer G, Newland K, Sharifi M, Bailey B, McEwan M, Cheung F 

(2011).  An inter-laboratory comparison of urinary 3-hydroxypropylmercapturic acid 

measurement demonstrates good reproducibility between laboratories.  BMC Res Notes 

10(4):391-394. 


	Table of Contents
	Abbreviations used in this report
	1. Summary
	2. Background
	3. Methods
	3.1 Lyophilised 3-HPMA Reference Materials
	3.2 Preparation and Shipping of Samples for Inter-Laboratory Comparison
	3.3 Shipment of Samples
	3.4 Participating Laboratories
	3.5 Data Reporting
	3.6 Statistical Evaluation

	4. Results
	5.  Conclusions
	5.1 Recommendations

	6. References

