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RESULTS 

Table 1. Repeatability, reproducibility, and intra, inter-laboratory coefficient 
of variation for urinary 3-HPMA.  

Figure 1. Chemical structure of acrolein (A), 3-HPMA (B), and 3-
HPMA-13C3-15N (C). 3-HPMA and 3-HPMA-13C3-15N molecular weights 
are also indicated.  
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INTRODUCTION 

Cigarette smoke is a complex mixture of approximately 5,600 
chemical constituents, and around 150 of these may be tobacco 
smoke toxicants  (1;2).  

The gas phase constituent acrolein (Figure 1A) is one tobacco 
smoke toxicant identified by the World Health Organization 
(WHO) Study Group on Tobacco Product Regulation (TobReg) as 
potentially an important contributor to smoke toxicity (3).  

3-hydroxypropyl mercapturic acid (3-HPMA) is the major urinary 
metabolite in humans of acrolein (Figure 1B) (3). 3-HPMA can be 
quantified using LC-MS/MS based methods and has been used 
as biomarker of exposure to acrolein (4;5). 

An inter-laboratory study, conducted in 2008 to test the 
reproducibility of 3-HPMA measurement between four 
laboratories using their in house methods, indicated an average 
interlaboratory coefficient of variation (CoV) of > 20%. 

Following a review of the 3-HPMA methods used by each 
laboratory, a second inter-laboratory comparison study was 
initiated using a common internal standard in the operating 
protocol. A common set of fortified and authentic urine samples 
were provided for analysis.  
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METHODS 

Synthetic 3-HPMA (Figure 1B) and 3-HPMA-13C3-15N (Figure 
1C) were obtained from AptoChem (Montreal, Canada). Twenty 
four hour urine samples were obtained from 4 non-smokers.  

Non-smoker urine was pooled and fortified with four 
concentrations of synthetic 3-HPMA: unspiked (background 
≈30-50 ng/ml), 400 ng/ml, 1200 ng/ml, and 3600 ng/ml 3-HPMA. 
Each sample was aliquoted in triplicate.  

Five authentic urine samples covering a range of 3-HPMA 
concentrations from non-smokers to heavy smokers were 
aliquoted in triplicate. The participating laboratories were sent a 
set of triplicate fortified (3 x 4 vials) and authentic urine (3 x 5 
vials) samples.  

Samples were labelled with a code number and randomized. 10 
mg of the internal standard was dispatched as a dried powder. 
Samples were analysed within two months of receipt.   

All four laboratories used their in-house protocol, which included 
a solid phase extraction step and analysis by LC-ESI-MS/MS. 

Basic statistical analysis was carried out with MINITAB v15.1. 
Value plots, ANOVA and precision statistics were also produced 
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 Mean 3-HPMA values for all laboratories and for the corresponding sample set. a 
b 
c 
d 
e 

 Repeatability 
 Reproducibility 

 composite intralaboratory coefficient of variation  

 interlaboratory coefficient of variation between 4 labs 

  NA: not applicable 

CONCLUSIONS 

Individual value plots established using the sample data indicate a 
close similarity in the measurements across the broad range of 3-
HPMA concentrations for all 4 laboratories (Figure 2) 

A comparison of the repeatability (‘r’), reproducibility (‘R’), and 
coefficient of variation for 3-HPMA demonstrated that within-laboratory 
variation was consistently lower than between-laboratory variation 
(Table 1).  

The average intra-laboratory CoV was 5%. The average inter-
laboratory CoV was 7% for the fortified urine samples (samples 1-4) 
and 16.2% for the authentic urine samples (samples 5-9), a pattern 
also observed in a previous study (5). Together, this represents an 
average inter-laboratory variation of 12.2%. 

These values are similar to those commonly observed in WHO 
standardised clinical methods (7;8); however, a CoV value higher than 
10% indicates scope for further improvement in the method 
standardisation process.  
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Figure 2. Individual value plots for 3-HPMA (●) (ng/ml). A. Value plot for the 
fortified samples in four laboratories. B. Value plot for authentic urine 
samples in four laboratories.        = below the Limit of Quantification (LOQ) 

20
11

_T
S

R
C

11
_C

he
un

g.
pd

f
T

S
R

C
20

11
(6

5)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed


