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order, and no signifi cant interlaboratory bias was observed at the 
5% level of signifi cance for results from any of the pools. 

   Discussion:     We conclude that present methods of chromato-
graphic analysis of serum cotinine, as used by these experienced 
laboratories, are capable of providing accurate and precise 
results in both the smoker and the nonsmoker concentration 
range. 

       Introduction 
 The use of tobacco remains an important public health problem 
throughout the world. Although the number of active smokers 
has declined in recent years, it is currently estimated that ap-
proximately 21% of the U.S. adult population continue to 
smoke cigarettes ( Centers for Disease Control and Prevention, 
2007 ); a similar prevalence of smoking exists in Canada 
( Gilmore, 2002 ) and in Europe ( Strong et al., 2008 ). Further-
more, the use of cigarettes and other forms of tobacco is in-
creasing worldwide, partly in concert with population growth, 
with a notable increase among females in developing countries 
( Mackay, Eriksen, & Shafey, 2006 ). As a consequence, health 
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effects associated with the use of tobacco are on the increase in 
developing regions of the world. The exposure of nonsmokers to 
secondhand smoke (SHS) also remains a signifi cant health prob-
lem. Despite recent substantial progress in reducing the exposure 
of nonsmokers to SHS ( Borland, Mullins, Trotter, & White, 1999 ; 
 Jarvis et al., 2000 ;  Pirkle, Bernert, Caudill, Sosnoff, & Pechacek, 
2006 ), such exposures continue to present a signifi cant public 
health risk ( Department of Health and Human Services, 2006 ). 
Assessing the exposure of nonsmokers to SHS can be especially 
diffi cult, since people may differ in their awareness of and sensi-
tivity to such exposures in their daily lives. Currently, the most 
suitable marker for identifying tobacco use or for SHS exposure 
assessments is the measurement of cotinine, the primary proxi-
mate metabolite of nicotine, in blood ( Benowitz, 1996 ). 

 Interest in monitoring SHS exposure has led to the develop-
ment of new analytical methods for cotinine measurements and 
the involvement of several laboratories in these assays, but there 
have been few interlaboratory comparisons of cotinine analyses. 
 Biber et al. (1987)  evaluated nicotine and cotinine measurements 
in both serum and urine in a group of 11 laboratories from six 
countries using either radioimmunoassay (RIA) or gas chro-
matographic (GC) procedures. They found that all the laborato-
ries in their study could reliably distinguish between samples 
from regular smokers and samples from nonsmokers. In addi-
tion, all the laboratories provided consistent ranking of results for 
serum cotinine. However, there were often substantial differences 
in the concentrations measured by the participating laboratories 
in that study. These authors concluded that whereas classifi cation 
of smoker versus nonsmoker by cotinine analysis was generally 
reliable, the individual values measured by different laboratories 
could vary considerably. There were also substantial differences 
noted in that study between RIA and GC results in urine samples, 
although not in serum, probably refl ecting the infl uence of pos-
sible cross-reaction in the RIA with cotinine glucuronides and 
3-hydroxycotinine in the urine measurements. 

 More recently, a common set of urine samples was evalu-
ated for their cotinine concentrations by a group of six 
European laboratories using high-performance liquid chroma-
tography-ultraviolet (HPLC-UV) and immunoassay methods; 
generally, good agreement was noted within the group ( Jacob 
et al., 2005 ). However, in that study, all participating laborato-
ries were required to use the same standardized procedure for 
the HPLC-UV assays. As    in the study by  Biber et al. (1987) , 
some differences were noted between liquid chromatography 
(LC) and immunoassay methods, presumably again involving 
the cross-reactivity of other analytes in the urine samples during 
the immunoassays, especially 3-hydroxycotinine. 

 Current analyses of cotinine in samples from nonsmokers 
may place increasingly greater stress on the assays because the 
concentration levels are often quite low. Nevertheless, main-
taining good accuracy and precision in these assays is important 
for facilitating comparisons among studies. In some cases, even 
relatively small mean concentration differences between groups 
of nonsmokers may be of interest. Fortunately, there have 
been improvements in the available analytical methodology in 
recent years. Current assays using capillary GC with nitrogen –
 phosphorus detectors (GC/NPD) or, in some cases, mass spec-
trometric (GC/MS) detection or LC coupled with tandem mass 
spectrometry (LC/MS/MS) may be expected to provide both for 
more sensitive and more precise measurements than were avail-

able in the past. To evaluate the current state of serum cotinine 
measurements in smokers and nonsmokers with a particular 
emphasis on the latter, we have undertaken a study of the analy-
sis of a common set of serum samples by seven laboratories ex-
perienced in these assays. Our objectives in this work were to 
assess the current state of cotinine analyses using modern ana-
lytical techniques and to provide consensus values for a set of 
serum samples that might then be used in support of further 
method validation activities in the future.   

 Materials and methods  
 Preparation of cotinine perchlorate 
 Cotinine perchlorate was used in some cases to fortify selected 
human serum pools to achieve known concentrations of coti-
nine. The perchlorate salt was prepared to further purify the 
analytical standard and to provide a material that was less hy-
groscopic and more easily weighed than free-base cotinine. Co-
tinine perchlorate was prepared essentially as described by 
 Hariharan, VanNoord, and Greden (1988) . The original coti-
nine stock was Sigma (St. Louis, MO) C-5923, lot number 
082K4020, with a stated purity of approximately 98%. The per-
chloric acid used was Aldrich (Milwaukee, WI) 31,142-1, listed 
as 99.999% pure (based on metals content). All other reagents 
were of the highest purity available. The cotinine free base was 
dissolved in isopropanol and perchloric acid was added. The 
initial white precipitate was collected and dried under vacuum 
and then recrystallized from methanol. After recovery and dry-
ing, the crystals were redissolved in methanol, treated with a 
small amount of decolorizing carbon (Darco G-60, Marshall, TX), 
and then recrystallized two more times. The fi nal material 
was dried under vacuum and stored in a desiccator at room 
temperature. 

 Aliquots of the fi nal product were sent to Galbraith Laborato-
ries, Knoxville, TN, for melting point measurements and elemen-
tal analysis. The results of those assays, calculated as an anhydrous 
monoperchlorate cotinine salt, were as follows: % carbon found 
43.58, calculated as 43.41; % hydrogen found 4.71, calculated as 
4.73; % nitrogen found 10.01, calculated as 10.12; and % chlorine 
found 12.64, calculated as 12.81. The melting point was 218.5 –
 219.3°C. Additional    aliquots were analyzed by proton nuclear 
magnetic resonance in deuterium oxide in the Analytical Chem-
istry Department of the Georgia Institute of Technology, Atlanta. 
The apparent estimated purity of the product from those mea-
surements was >99%. Solutions of the compound were prepared, 
basifi ed, and extracted and then analyzed by LC atmospheric 
pressure ionization (API) MS/MS and by capillary GC MS on 
both single quadrupole and magnetic sector (high resolution) in-
struments. A single peak for cotinine was seen in each case, with 
no additional contaminants noted. Aliquots of this fi nal product 
in water were added to a serum pool base obtained from non-
smokers with little or no known SHS exposure and thoroughly 
mixed to produce samples at known concentrations.   

 Serum pools 
 Pools were prepared in Atlanta, Georgia, from human serum 
collected from both smokers and nonsmokers. Eight human se-
rum pools were evaluated in this study, as summarized in  Table 1 . 
The base pool E was prepared from serum obtained from a group 
of nonsmokers who did not live or work with smokers and who 
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had no known exposure to SHS. The results from measurements 
of this base pool, analyzed as unknowns by the three participat-
ing laboratories capable of measuring the pool, were used to pro-
vide a consensus baseline concentration that was included in the 
target concentration for the fortifi ed pools. The four fortifi ed 
pools (A – D) were prepared to provide target concentrations in 
both the smoker and the nonsmoker range from approximately 
0.5 to 190 ng/ml as free-base cotinine ( Table 1 ).     

 Three additional unmodifi ed human serum pools (F – H) 
were included in the study: two with relatively low cotinine con-
centrations, consistent with SHS-exposed nonsmokers, and one 
in the active smoker concentration range. After extensive mix-
ing, each of the eight pools was aliquoted into cryovials, which 
were labeled with a set of randomly generated four-digit num-
bers. A set of aliquots was then selected at random from each 
pool and analyzed in a single run to confi rm homogeneity. Labo-
ratories were blinded to the identity of the samples, although the 
individual vial ID numbers belonging to a particular pool were 
identifi ed in advance. Prior studies suggest that distinguishing 
between smoker- and nonsmoker-level samples is relatively triv-
ial when using current chromatographic assays. Thus, to reduce 
the burden on the participating laboratories by eliminating pre-
classifi cation time, the smoker-level pools (Pools C, D, and H) 
were also identifi ed. An aqueous stock of cotinine perchlorate at 
an expected concentration by weight of 1.505  m g of cotinine per-
chlorate/ml (estimated as 960.3 ng/ml of cotinine as the free 
base) was also provided to each laboratory. The expected con-
centration was indicated on that sample, and each laboratory 
was encouraged to use this stock solution as it saw fi t.   

 Analytical procedures 
 A summary of the analytical methods used by each of the labo-
ratories is given in  Table 2 . All seven participating laboratories 
used chromatographic methods for these serum cotinine assays. 
Five laboratories used some form of LC API MS/MS, one labo-
ratory used GC/NPD (GC with thermionic detection), and one 

 Table 1.      Serum pools examined  

  Pool ID Fortifi ed Preparation
Target 
concentration  

  A Yes 0.461 ng/ml a 0.511 ng/ml b  
 B Yes 1.92 ng/ml a 1.97 ng/ml 
 C Yes 46.1 ng/ml a 46.2 ng/ml 
 D Yes 192 ng/ml a 192 ng/ml 
 E No Base pool Consensus c  
 F No Nonsmoker pool Consensus 
 G No Blended pool Consensus 
 H No Smoker pool Consensus  

    Note .  a An aliquot of the cotinine perchlorate stock was added to 
fortifi ed pools at a concentration of the salt calculated to produce this 
fi nal predicted concentration of cotinine as the free base.  

  b  The target concentration was calculated by adding the consensus 
mean value for the base pool (Pool E; 0.05 ng/ml) as measured by Labo-
ratories 2, 6, and 7 to the initial fortifi ed concentration.  

  c  Pool E was the base pool used for preparation of Pools A – D. It was 
obtained from a selected group of nonsmokers with no known 
secondhand smoke exposure.   

 Table 2.      Analytical methods  

  Laboratory Method Internal standard
Detection 
limit (ng/ml)  

  1-A Capillary GLC/NPD 5-Methylcotinine 0.1 
 1-B HPLC API MS/MS Cotinine-D 

3
 <0.1 

 2 HPLC APCI MS/MS Cotinine-D 
3
 <0.1 

 3 HPLC ESI MS/MS Cotinine-D 
3
 0.5 

 4 Capillary GLC/NPD 5-Methylcotinine 3.4 a  
 5 HPLC API MS/MS Cotinine-D 

3
 2 

 6 HPLC API MS/MS Cotinine-D 
3
 <0.1 

 7 HPLC APCI MS/MS Cotinine-D 
9
 <0.1  

    Note . GLC = gas – liquid chromatography; NPD = nitrogen – phospho-
rous specifi c detector (thermionic detection); HPLC = high-perfor-
mance liquid chromatography; API = atmospheric pressure ionization 
(generic); APCI = atmospheric pressure chemical ionization; ESI = 
electrospray ionization; and MS/MS = tandem mass spectrometry.  

  a  The value given is the reported limit of quantitation; the limit of 
detection was 1.0.   

laboratory (Laboratory 1) reported results using both an LC/
MS/MS and a GC/NPD method. Both GC/NPD methods in this 
study used 5-methylcotinine as the internal standard, and all 
LC/MS/MS methods used trideuterated cotinine as the internal 
standard, except for Laboratory 7, which used cotinine-D 

9
 . No 

immunoassays were used for these analyses. The reported limit 
of detection (LOD) for the various methods ranged from <0.1 
to 2 ng/ml; one laboratory censored results that were above its 
LOD (1 ng/ml) but less than its limit of quantifi cation (3.4 ng/
ml), and we used 3.4 ng/ml as the effective quantifi cation cutoff 
for that laboratory. Each laboratory analyzed the samples as 
unknowns, according to its standard procedure. The participating 
laboratories were asked to assay duplicate aliquots from each 
pool in runs conducted on three separate days. No time dead-
lines were established for these analyses, and the laboratories 
were free to mix these samples in with their ongoing studies. 
Coded samples were shipped from the coordinating laboratory 
over dry ice in late April 2008, and all results were obtained by 
November 2008.       

 Statistical analysis 
 We followed the defi nitions and procedures outlined in Inter-
national Standardization Organization (ISO) documents (ISO 
5725-1, ISO 5725-2, and ISO 5725-4) except as indicated below. 
The fi rst and last of these documents defi ne  trueness  to describe 
the closeness of agreement between the arithmetic mean of a 
large number of test results and the true or accepted reference 
values (our targets for the pools in  Table 1 ).  Precision  refers to 
the closeness of agreement between test results. An estimate of 
 bias  from an assessing laboratory is the difference between the 
mean of the pool target concentration and its accepted target 
reference value. To assess the signifi cance of the bias estimates, 
we constructed 95%  CI s around this difference, using equations 
from section 4.7.2 in  ISO 5725-4:1994 (E). No signifi cant bias 
was declared if the interval covered the value 0. 

 Other concepts in the context of laboratory testing include 
 repeatability , which characterizes variability among replicates 
obtained in the same laboratory on the same material (target 
concentration), and the  between-laboratory variance , which 
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refers to variability among laboratories using the same method. 
We used the approach outlined in  ISO 5725-2:1994 (E) to 
assess these characteristics (equations 7.4.5.1 and 7.4.5.2, respec-
tively). The sum of these two quantities is called the  reproducibil-
ity variance  (equation 7.4.5.5). We also examined the functional 
relationship between precision values and the mean level for each 

of the target level samples, using  ISO 5725-2:1994 (E) following 
section 7.5. It is not unusual for the repeatability ( S 

r
  ) and repro-

ducibility ( S 
R
  ) variances to follow a linear relationship with the 

mean values, often through the origin. We tested whether an in-
tercept other than the origin was needed, and we excluded the 
intercept in the model if it was deemed nonsignifi cant. 

 Table 3.      All serum cotinine data (ng/ml)  

  Pool Sample

Laboratory 

    1-A 1-B 2 3 4 5 6 7  

  A 1 0.60 0.424 0.490  –  –  – 0.518 0.535 
 2 0.64 0.414 0.494  –  –  – 0.519 0.541 
 3 0.54 0.424 0.496  –  –  – 0.430 0.545 
 4 0.40 0.414 0.479  –  –  – 0.526 0.563 
 5 0.58 0.414 0.499  –  –  – 0.444 0.559 
 6 0.62 0.424 0.492  –  –  – 0.523 0.558 
 B 1 1.90 1.874 1.844 1.420  –  – 1.969 2.109 
 2 2.19 1.854 1.863 1.490  –  – 1.929 2.035 
 3 2.23 1.864 1.920 1.260  –  – 1.949 2.089 
 4 2.01 1.854 1.818 1.330  –  – 1.989 2.156 
 5 2.31 1.954 1.928 1.440  –  – 1.939 2.112 
 6 2.19 1.934 1.868 1.140  –  – 1.829 2.160 
 C 1 48.39 45.57 44.68 38.10 43.5 41.87 44.38 48.16 
 2 48.56 46.26 45.25 39.60 45.0 42.87 45.68 52.03 
 3 48.79 47.02 44.42 42.40 37.8 42.85 47.08 43.15 
 4 48.57 45.45 45.63 42.60 42.0 41.85 47.28 44.34 
 5 49.16 46.28 46.86 41.30 36.4 41.00 45.78 45.17 
 6 48.49 46.82 46.36 41.00 40.9 43.00 45.48 46.40 
 D 1 200.1 205.1 180.8 172.0 180.9 175.9 189.0 173.9 
 2 200.9 216.9 185.0 163.0 177.7 178.9 185.0 215.0 
 3 201.2 210.2 175.9 168.0 190.7 172.9 186.0 200.4 
 4 196.2 209.8 187.9 177.0 170.6 176.9 179.0 184.7 
 5 196.1 217.0 190.7 160.0 174.0 172.0 188.0 204.1 
 6 198.0 218.4 190.5 174.0 185.9 182.0 190.0 192.0 
 E 1  –  – 0.047  –  –  – 0.047 0.050 
 2  –  – 0.051  –  –  – 0.046 0.058 
 3  –  – 0.051  –  –  – 0.056 0.050 
 4  –  – 0.050  –  –  – 0.053 0.048 
 5  –  – 0.050  –  –  – 0.052 0.055 
 6  –  – 0.054  –  –  – 0.055 0.054 
 F 1  –  – 0.112  –  –  – 0.114 0.123 
 2  –  – 0.109  –  –  – 0.113 0.125 
 3  –  – 0.110  –  –  – 0.106 0.117 
 4  –  – 0.104  –  –  – 0.102 0.119 
 5  –  – 0.112  –  –  – 0.122 0.121 
 6  –  – 0.116  –  –  – 0.100 0.123 
 G 1 1.20 1.254 1.246 0.904  –  – 1.299 1.384 
 2 1.33 1.214 1.202 1.010  –  – 1.259 1.337 
 3 1.36 1.224 1.240 0.866  –  – 1.089 1.352 
 4 1.26 1.254 1.258 0.863  –  – 1.309 1.342 
 5 1.34 1.224 1.242 0.883  –  – 1.029 1.402 
 6 1.27 1.244 1.193 0.680  –  – 1.229 1.344 
 H 1 200.4 205.3 180.1 184.0 169.8 164.9 176.0 189.3 
 2 201.5 204.6 179.1 184.0 175.8 168.9 176.0 195.3 
 3 200.2 202.5 181.4 174.0 154.1 180.9 184.0 183.6 
 4 200.8 203.8 180.0 174.0 159.2 182.9 185.0 182.0 
 5 200.9 198.8 183.7 169.0 160.1 161.0 177.0 191.9 
 6 200.3 201.2 176.0 166.0 158.1 166.0 180.0 179.8  
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 In examining precision according to  ISO 5725-2:1994 (E), 
we fi rst obtained an overview of the data, using Mandel ’ s  h  and 
 k  charts before more detailed analyses. The statistic  h  is calcu-
lated for each participant laboratory and pool combination by a 
standardization of the mean of the replicate measurements for 
each laboratory/pool. The average of the replicates for all labo-
ratories reporting on the pool is subtracted and the difference is 
divided by the standard deviation, again calculated over all par-
ticipants for the given pool. Note that  h  is either positive or 
negative when the laboratory obtains, on the average, a value 
higher (or lower) than the average of all laboratories for the 
given pool. A plot was made for all the  h  values for all pools, 
arranged by laboratories. 

 The statistic  k  measures the relative variability between the 
replicate measurements of any laboratory for a given pool. It is 
the ratio of the standard deviation among the replicates for a 
given laboratory and serum pool to a statistically pooled stan-
dard deviation, which is calculated as the square root of the av-
erage of all laboratories reporting on each material pool in turn. 
A value of  k  > 1 indicates a laboratory whose replicates vary 
more than the average. A value of  k  < 1 indicates that the labora-
tory has lower-than-average interreplicate variability. These val-
ues are plotted in a similar way to the  h  values. Critical values 
can be obtained to quantify signifi cant departures from average 
behavior at a chosen level of signifi cance. Because this was de-
signed as a descriptive study with a small number of laboratories 
per method, we did not stratify by different laboratory methods 
in the analysis. 

 We also performed Cochran ’ s test for variance heterogene-
ity, but we will not report these statistics because most of the 
variance can be attributed to different methods rather than 
to experimental variability. Also, because of the nature of the 
experimental design, no outlier investigation was conducted 
and all observations were kept in the fi nal analysis. Therefore, 
we have not reported any outcomes for Grubbs ’  test, which 
looks for outlier laboratory averages. Outlier exclusions for any 
reason are not generally recommended ( Mandel, 1998 ).    

 Results 
 All measured values (blank adjusted as necessary) reported by 
the laboratories participating in this study are given in  Table 3 . 
The values observed for each of the pools were in good agree-
ment among laboratories, and, as expected, according to cur-
rently accepted cutoff values, there would be no diffi culty in 
separating smoker from nonsmoker samples in the observed re-
sults. All seven laboratories were capable of measuring the 
smoker-level samples in Pools C, D, and H, and fi ve laboratories 
also reported results for the two pools with relatively high coti-
nine concentrations in the passive exposure range (pools B and 
G). Four of seven laboratories reported results for the moderate 
exposure Pool A, with a concentration of approximately 0.5 ng/
ml, and three laboratories were able to measure all eight pools 
down to the lowest concentration level, which was approxi-
mately 0.05 ng/ml.     

 The mean, standard deviation, and range of values for each 
pool as measured by the participating laboratories are provided 
in  Table 4 . In general, there was excellent agreement among the 
laboratories for the pools that each laboratory could analyze. In 

 Table 5 , the fi nal 95%  CI s for all pools with known spiked tar-
get values (A, B, C, and D) indicated that there was no signifi -
cant bias at the 5% signifi cance level among the laboratories 
reporting results for a pool. As recommended by ISO 5725-2, 
we calculated Mandel ’ s  h  and  k  statistics by laboratory and pool 
and these results are given in  Figure 1  with the 5% signifi cance 
levels indicated on the charts with dotted lines. Only three 
pools exceeded the 5% limits in the  h  statistic plot, including 
one pool in Laboratory 1-B and two pools in Laboratory 3. 
Laboratories 3, 4, and 5 had a consistently negative bias relative 
to group means in  Figure 1A , and Laboratory 7 was consistent-
ly positive. Such results might refl ect minor calibration differ-
ences among the laboratories. Overall, however, the aggregate 
mean observed concentrations showed excellent agreement 
with the expected (target) concentrations in each case for the 
serum pools examined in this study.             

 In  Figure 1B , the  k  statistic refl ects the ratio of the within-
laboratory standard deviation of each laboratory and pool to an 
averaged within-laboratory standard deviation of all seven labo-
ratories for the given pool. All but two laboratories had results 
from one or two pools that showed signifi cantly greater variabil-
ity than the overall group variance for that pool, with the specifi c 
pools involved differing among the laboratories. Following rec-
ommendation 7.3.1.6 in  ISO 5725-2:1994 (E), we interchanged 
laboratory and pool in  Figure 1B  to examine if the pool outcomes 
were consistent with other laboratories (data not shown). This 
grouping indicated a mild potential concern for repeatability for 
Laboratory 1-A on fortifi ed Pool A (the pool with the lowest tar-
get concentration) and Laboratory 7 on Pool D (the highest tar-
get pool). However, as indicated in  Table 4 , the relative standard 
deviations compiled by pool and laboratory remained reason-
ably low in all cases.  Table 5  also provided assurance that the 
bias, when averaged over laboratories, was not signifi cant for any 
of the fortifi ed pools with defi ned target values. 

 Both the repeatability and the reproducibility deviations, as 
a function of mean values, showed a good fi t as a line through 
the origin (data not shown). After the nonsignifi cant intercepts 
were removed, the models were  S 

r
   = 0.034 ×  m  and  S 

R
   = 0.079 ×  m , 

where  m  is the mean cotinine value ( R  2  > .98 in both cases both 
before and after refi tting). This indicates that the coeffi cient of 
variation was reasonably constant for all levels of  m .   

 Discussion 
 The results from this study confi rm an overall excellent level of 
performance for the seven laboratories participating in this study, 
which are all experienced laboratories currently analyzing serum 
cotinine. Among these laboratories, both GC/NPD with 5-meth-
ylcotinine as the internal standard and LC/MS/MS with isotopi-
cally labeled cotinine as the internal standard were shown to 
produce accurate and precise results within their calibration 
ranges. Not only all pools were ranked correctly by each labora-
tory but also the relative bias observed was minimal in each case. 

 All the participating laboratories were able to measure se-
rum cotinine in samples with concentrations that might be as-
sociated with the active use of tobacco at about 3 ng/ml or 
higher ( Benowitz, Bernert, Caraballo, Holiday, & Wang, 2009 ), 
and at least some of the laboratories were able to measure even 
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 Figure 1.           Mandel ’ s  h  and  k  statistics.       

the lowest concentration sample typically associated with mini-
mal exposure to SHS with good precision and excellent agree-
ment. The use of LC MS/MS may be of importance in this    regard, 
since all three laboratories that were able to measure the lowest 
samples used some form of that technique for their assays. 

 Mandel ’ s  h  and  k  statistic analyses were consistent with 
minimal bias for the fortifi ed pools and with relatively mini-
mum assay variance among the laboratories. Two laboratories 

had very small but statistically signifi cant biases for one or two 
pools in the study. Several laboratories had assay variances that 
were signifi cantly greater than the pooled variance for one or 
occasionally two pools in the study; however, in only two cases 
were these differences of potential concern. In the case of Labo-
ratory 1-A, this increased variance was associated with the low-
est concentration fortifi ed pool that was relatively close to the 
LOD for that laboratory ’ s method; thus, greater variability 
might be expected. The reason for the relatively greater variance 
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in the other case (Pool D in Laboratory 7) was not apparent. 
However, as indicated in  Table 4 , even in that case, the relative 
standard deviation remained only 7.5%. 

 Assay sensitivity requirements may vary according to the in-
tended applications. For studies involving the active use of to-
bacco, all the laboratories and methods used in this work were 
capable of excellent results. However, in the United States 
and other developed nations around the world, the capability of 
measuring even quite low concentrations of serum cotinine in 
nonsmokers is becoming more important as the incidence and 
intensity of exposure of nonsmokers to SHS decline. For exam-
ple, in the third National Health and Nutrition Examination 
Survey, Phase 1, which covered the period 1988 – 1991, the me-
dian serum cotinine concentration for nonsmokers in the United 
States was 0.204 ng/ml among adults aged 20 years and older and 
0.262 ng/ml for children aged 4 – 11 years. By 2001 – 2002, the me-
dian concentration among nonsmoker adults had declined to 
0.034 ng/ml and it had declined to 0.067 ng/ml among children 
( Pirkle et al., 2006 ). When the incidence and intensity of expo-
sure to SHS are high, a relatively high cutpoint is needed to ex-
clude most nonsmokers. However, as the incidence and intensity 
of exposure to tobacco smoke continue to decline, the serum co-
tinine cutoff level between active smokers and nonsmokers ex-
posed to SHS can also be expected to decline ( Benowitz et al., 
2009 ). Detecting and stratifying exposures at these declining 
concentration levels require sensitive and precise methodology. 

 The results of this investigation confi rm that with the use of 
modern methodology, excellent agreement in measurements 
can be achieved among different laboratories. Thus, the greater 
variability in serum cotinine measurements by use of older 
technology that has been reported in the past ( Biber et al., 1987 ) 
does not appear to be as much of a problem today; this decrease 
in analytical bias should facilitate the comparison of results 
from different studies and laboratories. The data from this in-
vestigation have also enabled us to assign consensus cotinine 
concentrations to the unfortifi ed serum pools that we exam-
ined; these consensus concentrations will be of value in future 
method development and evaluations.   
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