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1 Objectives 
 
In the beginning of 2001, the Scientific Commission recommended and the CORESTA Board 
approved the establishment of a task force on nicotine uptake. The initial objectives of this task 
force were defined to: 
 

1. Develop a recommended method for nicotine uptake in smokers 
 
2. Evaluate the validity of cotinine as a single biomarker for nicotine uptake 

 
3. Investigate differences in nicotine uptake between various populations 

 
 
  
 
2 Selecting and testing a suitable method for nicotine uptake (Objective 1) 
 
The Task Force agreed that for measuring the nicotine uptake, at least the 6 major nicotine 
metabolites in urine (nicotine, cotinine, trans-3’hydroxycotinine and their glucuronides) should 
be measured. These urinary metabolites, as well as the percentage of each produced from the 
absorbed nicotine dose are shown in Figure 1.  
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Figure 1: Chemical structures of nicotine and its 5 major metabolites in urine. The 

percentages represent the estimated  fraction of the absorbed nicotine dose [1-5]. 
 
 
Urinary nicotine and its five major metabolites are also termed ‘Nicotine+5’ (‘Nic+5’) or 
‘Nicotinine equivalents’ (‘Niceq’). These 6 metabolites represent ~ 80 % of the absorbed nicotine 
dose [1] and thus provide a reliable estimate of the amount of nicotine absorbed by tobacco 
smoking or other tobacco usages. 
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In the Task Force, there was also consensus that 24 h-urine samples have priority over spot urine 
samples for the determination of the nicotine uptake of smokers and users of other products. 
 
 

2.1 Analytical methods available for the determinations of urinary 
nicotine metabolites 

 
In principle, nicotine equivalents in urine can be determined by ‘indirect’ methods or by ‘direct’ 
methods.  
 
Indirect methods comprise two analytical runs: (1) Determination of free bases (aglycons) in 
untreated urine, (2) determination of the aglycons after enzymatic hydrolysis of the urine with ß-
glucuronidase. The first determination provides values for the free bases (nicotine, cotinine, 
trans-3’-hydroxycotinine). The second determination provides values for total bases (free + 
conjugated metabolite). The difference between the second and first determination represents the 
amount of the conjugated metabolite. The advantages of the indirect approach comprise: (1) 
Application of both gas chromatography (GC) and liquid chromatography (LC) is possible; (2) 
relatively inexpensive detectors such as nitrogen/phosphorous- and mass-selective detectors 
(single quadrupoles) can be applied; (3) no unlabeled and labeled glucuronides are required as 
reference materials or internal standards, respectively. The disadvantage of the indirect approach 
is the fact that two separate analytical runs have to be performed and that the uncertainty of the 
values for the glucuronides is, therefore, increased. 
 
Direct methods allow the determination of nicotine equivalents in urine in one run and do not 
require the enzymatic hydrolysis of the glucuronides prior to their analysis. The advantage of this 
approach is that the results for all 6 urinary nicotine metabolites are obtained in one run with an 
acceptable uncertainty. Disadvantages are: (1) Relatively expensive analytical instrumentation is 
required in order to perform liquid chromatographay with tandem mass spectrometry (LC-
MS/MS); (2) the direct method further requires (in addition to unlabeled and labeled standards 
for the aglycons) relatively expensive unlabeled and labeled glucuronides of nicotine, cotinine 
and hydroxycotinine, as reference materials and internal standards, respectively; (3) the 
glucuronides are hygroscopic, which impedes the calibration and might increase the uncertainty 
with the analytical determination of the glucuronides. 
 
Mike Ogden (R.J. Reynolds Tobacco Company, Winston-Salem, NC, USA) made available to all 
TF members the method for the determination of nicotine equivalents in urine used in his 
laboratory. This method, by type, is an indirect method (Appendix 1) and uses sample clean-up 
by solid phase extraction (SPE) prior to analysis by LC-MS/MS: 
 
Gerhard Scherer (ABF, Munich, Germany) made available to all TF members the method for 
nicotine equivalents in urine applied in his laboratory. This method, by type, is a direct method 
(Appendix 2) and, except for sample filtration or centrifugation, does not require sample clean-up 
prior to analysis by LC-MS/MS. 
 
During the various ring trials on urinary nicotine metabolites performed by the TF, both indirect 
and direct methods were applied by the participating laboratories. In particular, the applied 
indirect methods largely differed in sample clean-up and preparation as well as detection 
methodologies.  
 
There was consensus among the TF members that 24 h-urine samples have priority over spot 
urine samples for the determination of the nicotine intake of smokers and users of other products.  
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2.2 Ring Trials on urinary nicotine metabolites 
 
Between 2002 and 2008, the Task Force Nicotine Uptake performed five Ring Trials (RTs) on 
the major urinary nicotine metabolites. The main purpose of this endeavor was to find out 
whether there are systematic differences between indirect and direct methods and which method 
would be most suitable to be tested and proposed as a CORESTA Recommended Method (CRM) 
for urinary nicotine equivalents. 
 
A general limitation of this venture was that the number of laboratories participating in the 
various RTs was small (7 – 11). The instrumentation of the participating laboratories further 
reduced the number of labs, which were able to perform the direct method (requiring an LC-
MS/MS instrument). It was, therefore, decided that all interested laboratories could participate in 
the RTs using their established in-house method. As a consequence, the original goal of 
developing and proposing a CRM appears to be difficult to achieve. However, there was general 
agreement among the TF members that the planned RTs could provide valuable information on 
the possible sources of variations. 
 
Table 1 briefly summarizes the conditions, designs and results of the five RTs performed by the  
TF. Detailed results of the 5 RTs are compiled in Appendix 3. 
 
The results of the 5 RTs can be summarized as follows and the following conclusions can be 
drawn: 
 

o The intra-lab variation for all 6 analytes and the molar sum (Nic+5) was found to be good 
and independent of the analytical method used. 

 
o The inter-lab variation for the single analytes was unacceptably high (> 25 %). The 

highest variability was observed with the glucuronides. Significant reduction in this 
variability were found when applying an embedded calibration. Unexpectedly, using the 
provided stock solutions of the glucuronides does not significantly improve the inter-lab 
variation for these analytes. 

 
o A general conclusion form these results of the RTs is that there is no systematic influence 

of the analytical method. Rather, extensive experience of the laboratory appears to be 
more important for the quality of the results.  

 
o Although there is no direct proof from the available results, it is expected that the use of 

certified stock solutions and reference materials will improve the agreement between 
various laboratories. 
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Table 1:    Design and outcome of 5 Ring Trials on urinary nicotine metabolites performed by the CORESTA Task Force Nicotine Uptake 

RT 
No Organizer Time 

period Number of participants Design Major results 

1 
ABF 

(Gerhard 
Scherer) 

May – 
Sep 
2002 

10 Laboratories 
o 4 industry labs 
o 3 contract labs 
o 3 university labs 

o Own calibrators / own method 
o 5 smoker urine samples (coded triplicates) 
o 2 spiked urine samples (coded triplicates) 

o Intra-lab variation (Sr) acceptable 
o Inter-lab variation (SR) too high 
o Ratio SR/Sr = 3 – 5  
o Results not dependent on type of 

method 

2 
ABF 

(Gerhard 
Scherer) 

Nov 
2003 – 

Jan 
2004 

7 Laboratories 
o 5 industry labs 
o 2 contract labs 

o Own calibrators / own method 
o Labs asked to perform direct and indirect 

method (if possible) 
o 5 smoker urine samples (coded triplicates) 
o 2 spiked urine samples (coded triplicates) 

o Intra-lab variation (Sr) acceptable 
o Inter-lab variation (SR) too high 
o Molar sum (Nic+5) was acceptable in 

SR 
o Direct method somewhat lower for 

glucuronides than indirect method 

3 
ABF 

(Gerhard 
Scherer) 

May – 
Aug 
2005 

11 Laboratories 
o 6 industry labs 
o 5 contract labs 

o Own calibrators / own method 
o 5 smoker urine samples (coded duplicates) 
o 2 reference samples (concentration indicated) 

o Some unexplainable results 
o Mix-up in sample numbers? 
o No conclusions drawn 

4 
RJRT 
(Gary 
Byrd) 

Jun – 
Sep 
2006 

10 Laboratories 
o 5 industry labs 
o 5 contract labs 

o Own and embedded calibrators / own method 
o 7 authentic urine samples (coded triplicates) 
o 7 ‘embedded’ calibrators (spiked blank 

matrix, in coded triplicates) 

o Fair inter-lab agreement for Nic+5 (sR 
= 12 – 24 %) 

o Highest variability with glucuronides 
o Embedded calibration improves 

agreement (halves the inter-lab 
variation) 

5 
ABF 

(Gerhard 
Scherer) 

Jul 
2007 – 

Jan 
2008 

8 Laboratories 
o 4 industry labs 
o 4 contract labs 

o Stock solutions for three glucuronides 
provided 

o 3 authentic urine samples in 3 levels, 
lyophilized (coded triplicates) 

o Intra-lab variation (Sr) acceptable 
o Inter-lab variation (SR) too high 
o Molar sum (Nic+5) was acceptable in 

SR (15.1 %) 
o Using provided stock solution only 

slightly improved SR for Nic+5 (12.4 
%) 
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2.3 Proficiency tests on salivary cotinine 
 
Together with RTs 2 – 4, three Proficiency Tests (PTs) on cotinine in saliva were performed. 
Although this was not an explicit objective of the TF Nicotine Uptake, the TF members 
considered the performance of PTs on salivary cotinine as worthwhile for three main reasons: (1) 
Cotinine in saliva is widely used biomarker for estimating the nicotine exposure by smoking and 
other tobacco uses (see Section 3); (2) most of the laboratories participating the RTs for urinary 
nicotine metabolites also were interested in participating in the PTs on salivary cotinine; (3) 
samples could be provided together with the RT samples with little additional time and effort.  
 
Again, a general limitation of this venture was that the number of laboratories participating in the 
three PTs was small (8 – 9). For the PTs each lab was encouraged to use its own in-house 
method. The main purpose of performing the PTs on salivary cotinine was to, for the first time, 
find out the extent of inter-lab variability and the potential major sources of this variation. 
 
Table 2 briefly summarizes the conditions, designs and results of the three PTs performed by the  
TF. Detailed results of the 3 PTs are compiled in Appendix 4. 
 
The results of the 3 PTs on cotinine in saliva can be summarized as follows and the following 
conclusions can be drawn: 
 

o The intra-lab variation was found to be good for all analytical method used. 
 
o The inter-lab variation was unacceptably high in all PTs (when the own calibration was 

used). 
 

o Using an embedded calibration (PT3) reduced the inter-lab variability to an acceptable 
level.  

 
o It is expected that the use of certified stock solutions and reference materials will improve 

the agreement between various laboratories. 
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Table 2:    Design and outcome of 3 Proficiency Tests (PTs) on salivary cotinine 

PT 
No Organizer Time 

period 
Number of 

participants Design Major results 

1 
ABF 

(Gerhard 
Scherer) 

Nov 2003 
– 

Jan 2004 

7 Laboratories 
o 5 industry labs 
o 2 contract labs 

o Own calibrators / own method 
o 3 smoker saliva samples (coded triplicates) 
o 2 spiked spiked samples (coded triplicates) 

o Intra-lab variation (Sr) good 
o Inter-lab variation (SR) too high 
o Ratio SR/Sr = 6 

2 
ABF 

(Gerhard 
Scherer) 

May – Aug 
2005 

9 Laboratories 
o 6 industry labs 
o 3 contract labs 

o Own calibrators / own method 
o 5 smoker saliva samples (coded duplicates) 
o 2 reference samples (concentration indicated) 

o Intra-lab variation (Sr) good 
o Inter-lab variation (SR) too high  

3 RJRT 
(Gary Byrd) 

Jun – Sep 
2006 

10 Laboratories 
o 5 industry labs 
o 5 contract labs 

o Own and embedded calibrators / own method 
o 7 authentic saliva samples (coded triplicates) 
o 7 ‘embedded’ calibrators (spiked blank matrix, 

in coded triplicates) 

o Acceptable intra-lab variability 
o Too high inter-lab variability with own 

calibration 
o Good inter-lab variability with 

embedded calibration 
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3 Evaluating the validity of cotinine as a biomarker for nicotine uptake 

(Objective 2) 
 
In October 2003, G. Scherer provided a review on the suitability of salivary cotinine as a 
biomarker for nicotine uptake (Appendix 5). The statements for salivary cotinine are in general 
also valid for cotinine in plasma or serum as well as urine.  
In the review the following conclusions were drawn: 
 
 

o Use of tobacco products, particularly cigarette smoking is the major source of nicotine 
exposure. However, when studying the cigarette smoking-related uptake of nicotine, other 
sources, in particular products used in nicotine replacement therapies, have to be taken 
into consideration. 

 
o Nicotine is metabolized by humans by a number of pathways. C-Oxidation of nicotine to 

form cotinine is a major pathway in the nicotine metabolism. Polymorphisms in a number 
of enzymes involved in the nicotine metabolism are known or suggested. This contributes 
to the observed inter-individual variability in nicotine metabolism. 

 
o For a number of reasons, cotinine in saliva is frequently used as a biomarker for tobacco 

smoke exposure (active and passive smoking) as well as to quantitate the absorbed 
nicotine dose. These reasons include: Non-invasiveness and ease of saliva sampling, 
relative independence of sampling in relation to last cigarette smoked, specificity and 
robustness of available analytical methods for the determination salivary cotinine.  

 
o Salivary cotinine concentrations are 20 – 30 % higher than cotinine concentrations in 

plasma. Many studies have shown that cotinine in saliva has the same prediction power as 
plasma cotinine. 

 
o Cigarette smokers have about 100 – 200 times higher cotinine levels in saliva than 

nonsmokers. Nonsmokers exposed to ETS can by differentiated from nonsmokers not 
exposed to ETS. 

 
o There is a good correlation between salivary cotinine and number of cigarettes smoked 

per day.  
 

o Salivary cotinine shows only a weak to moderate association with the nominal nicotine 
yield of cigarettes as determined according to ISO, CORESTA or FTC standard methods. 

 
o Salivary cotinine strongly correlated with the absolute nicotine dose as determined by the 

sum of the major urinary nicotine metabolites. 
 

o It is concluded that salivary cotinine is a suitable biomarker for the determination of the 
smoke exposure and the nicotine dose, provided that a sufficient number of individuals is 
investigated in order to compensate for the inter-individual variation in the nicotine 
metabolism. 
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4 Investigating differences in the nicotine uptake between various 

populations (Objective 3) 
 
Objective 3 was handled as a joint activity of the CORESTA Task Force Nicotine Uptake and the 
CORESTA Subgroup Smoking Behaviour. In several joint meetings of both groups, a multi-
country study with the following objectives was discussed: 
 

o To compare nicotine human yield and uptake amongst (i) low yield cigarette smokers who 
had only ever smoked such low yield cigarettes, (ii) low yield smokers who had 
previously smoked higher yield cigarettes, and (iii) full flavour cigarettes smokers. 

 
o To determine the levels of nicotine human yield and uptake amongst smokers of different 

‘tar’ bands in different countries. 
 
In the meantime, Objective 3 has been moved to the objectives of CORESTA Subgroup Smoking 
Behaviour. Presently, there are no activities for implementing such a study. 
 
 
 
5 Documentation of the activities of the TF Nicotine Uptake 
 
A CD has been prepared containing all activities of the CORESTA Task Force Nicotine Uptake. 
The documents on this CD are classified into the following sections: 
 

o TF General Documents (analytical methods, reviews, lists of participants, addresses) 
o TF Meetings (agendas, minutes, presented materials) 
o TF Ring Trials (participants, results, evaluations) 
o TF Status Reports (written and presented reports) 
o TF Final Report (report and appendices) 

 
Copies of the CD will be supplied to all TF members, the CORESTA Scientific Commission and 
the CORESTA Secretary. 
 
 
6 List of Appendices 
 
The appendices to this report are listed in Table 3. 
 
Table 3:  List of Appendices 
 Content File name 

Appendix 1 Indirect LC-MS/MS method for Nic+5 (RJRT) Appendix1_RJRMethod_indirect.pdf 

Appendix 2 Direct LC-MS/MS method for Nic+5 (ABF) Appendix2_ABFMethod_direct.pdf 

Appendix 3 Results of 5 Ring Trials on Nic+5 in urine  Appendix3_Ring Trials.pdf 

Appendix 4 Results on 3 Proficiency Tests on cotinine in 
saliva Appendix4_Proficiency Tests.pdf 

Appendix 5 Review on suitability of salivary cotinine Appendix5_Review_Cotinine.pdf 
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Figure 1.  Flow diagram of the urinary metabolite assay. 

Figure 2.  Typical cotinine MRM chromatograms. 

Figure 3.  Typical cotinine-d3 MRM chromatograms. 

Figure 4.  Typical nicotine MRM chromatograms. 

Figure 5.  Typical nicotine-d3 MRM chromatograms. 

Figure 6.  Typical trans-3’-hydroxycotinine MRM chromatograms. 

Figure 7.  Typical trans-3’-hydroxycotinine-d3 MRM chromatograms. 

Figure 8.  Calibration curve for a typical free metabolite assay. 

Figure 9.  Calibration curve for a typical total metabolite assay. 
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Principle 

 

In general, the method for nicotine, cotinine, trans-3’-hydroxycotinine (Phase I 

metabolites) and nicotine-N-glucuronide, cotinine-N-glucuronide and trans-3’-

hydroxycotinine-O-glucuronide (Phase II metabolites) consists of Waters Corporation 

Oasis™ HLB-SPE cleanup and Applied Biosystems API-365 LC-MS/MS analysis with 

heated nebulizer (APCI) interface.  For the Phase I metabolites, 0.5 ml of smoker’s urine 

is buffered with 1.5 mL pH 6.8 phosphate buffer (containing nicotine-methyl-d3, 

cotinine-methyl-d3, and trans-3’-hydroxycotinine-methyl-d3 internal standards) and 

centrifuged.  A 0.8 mL portion is extracted by SPE, eluted with methanol, and analyzed 

by LC-MS/MS on a Thermo Hypersil-Keystone Betasil diol analytical column (50 mm x 

2 .1 mm) with 100% methanol as the mobile phase.  For the total metabolites (Phase I + 

Phase II), Type IX-A ß-glucuronidase (3000 units/mL urine) is added to the remaining 

buffered urine solution, incubated at 37 oC for 20 h and centrifuged. A 0.8 mL portion is 

extracted by HLB-SPE, eluted with methanol, and analyzed by LC-MS/MS.  In this 

manner, the free, unconjugated Phase I metabolites are obtained directly, while the 

bound, conjugated Phase II metabolites are obtained indirectly by subtracting the 

unconjugated fraction from the total fraction. 
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Chemicals and Materials 

 

1. Nicotine (Cat. No. N412450), cotinine (Cat. No. C72500), trans-3’-

hydroxycotinine (Cat. No. H92450), nicotine-methyl-d3 (Cat. No. N412425), 

cotinine-methyl-d3 (Cat. No. C725005), and trans-3’-hydroxycotinine-methyl-d3 

(Cat. No. H924510) for preparation of analytical standard solutions, QA/QC 

solutions, and internal standard solutions were obtained from Toronto Research 

Chemicals, Inc. (North York, ON). 

2. Nicotine Quik-Chek™ and cotinine Quik-Chek™ prepared methanol solutions in 

sealed ampoules were obtained from Alltech Associates (State College, PA).   

3. Hexane (Cat. No. GC217-4) for LC column storage and methanol (Cat. No. 

GC230-4) for LC mobile phase were obtained from Burdick & Jackson 

(Muskegon, MI). 

4. Optima™ water (Cat. No. W7-4) for buffer dilutions and SPE rinse solutions, 0.1 

N hydrochloric acid (Cat. No. SA54-1) for standard and quality control solution 

preparations, and phosphate buffer, pH 6.8 (Cat. No. LC18560-2) for urine 

preparations were obtained from Fisher Scientific (Fair Lawn, NJ). 

5. Ammonium hydroxide (Cat. No. 423305000) for preparing SPE rinse solution 

was obtained from ACROS Organics (Fair Lawn, NJ). 

6. Type IX-A ß-glucuronidase (Cat. No. G7396) for enzymatic hydrolysis of 

glucuronides was obtained from Sigma-Aldrich Fine Chemicals (St. Louis, MO). 

7. Oasis™ HLB (1 cc x 30 mg) solid phase extraction cartridges (Cat. No. 

WAT094225) were obtained from Waters Corporation (Milford, MA). 

8. Polypropylene tubes, 13 mm x 100 mm (Cat. No. 14-956-7A) for urine 

preparations, 12 mm x 75 mm (Cat. No. 14-959-16A) for collecting SPE eluent, 

and polyethylene stoppers (Cat. No. 14-959-17) were obtained from Fisher 

Scientific (Fair Lawn, NJ). 

9. Tuberculin syringes (Cat. No. 309602) for removing SPE eluent from 12 mm x 75 

mm tubes were obtained from Becton, Dickinson and Company (Franklin Lakes, 

NJ). 
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10. Millex™-LCR syringe filters (0.45 µm) with tube outlet (Cat. No. SLCRT13NL) 

for filtering eluent were obtained from Millipore Corporation (Bedford, MA). 

11. Amber snap-cap vials with 350 µL inserts (Cat. No. 79910-C) and assembled 

caps/septa (Cat. No. 69145-P) were obtained from Sun International (Wilmington, 

NC). 

12. Betasil Diol analytical columns (50 mm x 2 .1 mm, Cat. No. 72605-052130) and 

drop-in guard columns (10 mm x 2.1 mm, Cat. No. 72605-012101) were obtained 

from Thermo Hypersil-Keystone (Bellefonte, PA). 

13. M-100, M-250, M-1000 positive displacement pipettes and CP-100, CP-250, and 

CP-1000 positive displacement pipette tips for routine pipetting operations were 

obtained from Rainin Instrument Co., Inc. (Woburn, MA). 

14. Assorted Amber and Clear Schott Duran bottles and screw-caps for storage of 

analytical standard solutions, QA/QC solutions, internal standard solutions, and 

buffer solutions were obtained from Schott Glas (Mainz, Germany). 

15. Four 24-h urine samples from an unexposed, nonsmoking volunteer were 

collected over a four-day period, pooled, transferred into individual storage 

bottles, and stored at -20 oC prior to use.  These urines were used as blank urines 

for spiking standards and controls.    

 

Instrumentation 

 

1. A Model No. 099A LC1012 Large Capacity Mixer for mixing the contents of 

multiple sample tubes in a rack was purchased from Glas-Col (Terre Haute, IN). 

2. A Model No. 37615 Maxi Mix II vortex mixer for mixing the contents of 

individual sample tubes was purchased from Barnstead/Thermolyne Corporation 

(Dubuque, IA). 

3. A Model Centra-GP8R refrigerated centrifuge equipped with a Model 218A 4-

place swinging bucket rotor and Model 5827 tube adapters for centrifugation of 

urine preparations was purchased from International Equipment Company 

(Needham Heights, MA). 
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4. A Model C-24 Classic Benchtop Incubator Shaker equipped with a Model 

M1194-9909 Utility Carrier consisting of a platform, rubber mat, and two 

crossbars for incubating and shaking sample tube racks during enzymatic 

hydrolysis was purchased from New Brunswick Scientific Co., Inc. (Edison, NJ). 

5. An Agilent Model 1100 Series HPLC system consisting of a handheld control 

module, a vacuum degasser, a quaternary pump, an autosampler fitted with a 100 

x 1.8 mL vial tray and a thermostatted column compartment was purchased from 

Agilent Technologies (Waldbronn, Germany). 

6. A PE Sciex Model API-365 triple stage quadrupole MS/MS system equipped with 

an atmospheric pressure chemical ionization (APCI) heated nebulizer source and  

Analyst Software Version 1.1 on Windows NT Service Pack 4 was purchased 

from Applied Biosystems (Foster City, CA). 

 

Experimental (Chemical Preparations) 

 

2% NH4OH/H20 Preparation.  Diluted ammonium hydroxide solution (2%) was 

prepared by transferring 20 mL concentrated ammonium hydroxide, as purchased, into a 

1-L volumetric flask and diluting to the line with Optima™ water.  After mixing 

thoroughly, the solution was transferred into a 1-L amber Schott Duran bottle.  This 

solution was prepared fresh daily.   

 

Buffer Preparation.  A 0.6 M phosphate buffer solution was prepared by transferring one 

liter phosphate buffer, pH 6.8, as purchased, into a 2-L volumetric flask and diluting to 

the line with Optima™ water.  After mixing thoroughly, the solution was transferred into 

a 2-L clear Schott Duran bottle and stored at 4 oC. 

 

Buffer/ß-Glucuronidase Preparation.  Type IX-A ß-glucuronidase solution was 

prepared with the 0.6 M phosphate buffer solution above to deliver the desired enzyme 

activity (3000 units/mL urine) in a 100-µL pipetted addition.  The attached example 

worksheet demonstrates the calculations for the actual mass of solid needed, assuming: 
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• A stated activity of 1,130,000 units/g solid. 

• A desired activity of 3000 units/mL actual urine. 

• An actual urine volume of 0.3 mL remaining after removing 0.8 mL urine/buffer 

solution for the “free” metabolite fraction analysis. 

• An assay of 100 tubes containing samples, standards, and controls. 

• An excess of 20 tubes. 

     

Buffer/ Internal Standard Preparation.  Individual cotinine-methyl-d3, nicotine-methyl-

d3, and trans-3’-hydroxycotinine-methyl-d3 primary internal standard solutions were 

prepared by weighing and transferring 25.6 mg, 24.2 mg, and 16.7 mg, respectively, into 

individual 100-mL volumetric flasks and diluting to the line with 0.1 N HCl.  After 

mixing thoroughly, the solutions were transferred into individual 100-mL amber Schott 

Duran bottles and stored at 4 oC.  A combined “bulk” buffer/internal standard solution 

(Buffer&ISTD solution) was prepared by transferring 40 mL each of the primary 

standard solutions into a 2-L volumetric flask containing one liter phosphate buffer, pH 

6.8, as purchased, and diluting to the line with Optima™ water.  After mixing 

thoroughly, the solution was transferred into a 2-L amber Schott Duran bottle and stored 

at 4 oC. 

  

Analytical Standard Preparation.  A cotinine, nicotine, and trans-3’-hydroxycotinine 

primary standard solution was prepared by weighing and transferring 52.6 mg. 53.7 mg, 

and 94.3 mg, respectively, into a 50-mL volumetric flask and diluting to the line with 0.1 

N HCl.  After mixing thoroughly, the solution was transferred into a 100-mL amber 

Schott Duran bottle and stored at 4 oC.  A secondary standard solution was prepared by 

transferring three mL of the primary standard solution into a 50-mL volumetric flask and 

diluting to the line with 0.1 N HCl.  After mixing thoroughly, the solution was transferred 

into a 100-mL Schott Duran bottle and bottle and stored at 4 oC.  A series of six working 

spike standard solutions (SpikeStd1 ?  SpikeStd6) was prepared by transferring aliquots 

(see below) of either the primary or secondary standard solutions into individual 100-mL 

volumetric flasks and diluting to the line with 0.1 N HCl. After mixing thoroughly, the 

solutions were transferred into individual 100-mL Schott Duran bottles and stored at 4 
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oC.  The aliquots transferred were as follows:  SpikeStd1, 0.5 mL secondary solution; 

SpikeStd2, 1.0 mL secondary solution; SpikeStd3, 0.5 mL primary solution; SpikeStd4, 

1.0 mL primary solution; SpikeStd5, 3 mL primary solution; and SpikeStd6, 5 mL 

primary solution. Thus, for constructing a calibration curve, standard urine concentrations 

were achieved using 0.5 mL blank urine, 1.5 mL Buffer&ISTD, and 100 µL standard 

spike solutions. 

 

Quality Control Preparation.  A cotinine, nicotine, and trans-3’-hydroxycotinine 

primary quality control solution was prepared by weighing and transferring 52.6 mg. 53.7 

mg, and 94.3 mg, respectively, into a 50-mL volumetric flask and diluting to the line with 

0.1 N HCl.  After mixing thoroughly, the solution was transferred into a 100-mL amber 

Schott Duran bottle and stored at 4 oC.  A secondary quality control solution was 

prepared by transferring three mL of the primary quality control solution into a 50-mL 

volumetric flask and diluting to the line with 0.1 N HCl.  After mixing thoroughly, the 

solution was transferred into a 100-mL Schott Duran bottle and stored at 4 oC.  A series 

of four working spike quality control solutions (QCLOQ, QCLow, QCMid, and QCHigh) 

was prepared by transferring aliquots (see below) of either the primary or secondary 

quality control solutions into individual 100-mL volumetric flasks and diluting to the line 

with 0.1 N HCl. After mixing thoroughly, the solutions were transferred into individual 

100-mL Schott Duran bottles and stored at 4 oC.  The aliquots transferred were as 

follows:  QCLOQ, 0.5 mL secondary solution; QCLow, 1.5 mL secondary solution; 

QCMid, 2.0 mL primary solution; and QCHigh, 4.0 mL primary solution.  In addition, a 

cotinine and nicotine working spike quality control solution (QCQuik) was prepared by 

transferring sealed ampoule contents of cotinine Quik-Chek™ and nicotine Quik-Chek™ 

prepared methanol solutions (1.0 mg/mL) into a 100-mL volumetric flask.  The ampoules 

were rinsed five times with 0.1 N HCl, and the rinse solutions were transferred into the 

flask; the contents of the flask were diluted to the line with 0.1 N HCl.  After mixing 

thoroughly, the solution was transferred into a 100-mL Schott Duran bottle and stored at 

4 oC.  Thus, quality control urine concentrations were achieved using 0.5 mL blank urine, 

1.5 mL Buffer&ISTD, and 100 µL quality control spike solutions. 
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Table I.  Sample calculations for buffer/ß-glucuronidase preparation (see text for 

assumptions). 

 

ß-Glucuronidase Type = IX-A    ß-Glucuronidase Lot # = 30K8612  
   
Diluent = 0.6 M Buffer   
    
ß-Glucuronidase Activity = 1,130,000 units/g = 1130 units/mg 
      
Desired ß-Glucuronidase Activity for a 1.0 mL Urine Sample = 3000 units/mL urine 
    
mg ß-Glucuronidase Required to Achieve Desired Activity = (units/mL urine)/(units/mg) = 3000 
/1130 = 2.65 mg/mL urine 
    
Actual Volume of Urine = 0.3 mL     
    
mg/sample ß-Glucuronidase Necessary to Achieve Desired Activity = (mg/mL urine) x mL = 
2.65 x 0.3 = 0.796 mg/sample 
    
mg Total ß-Glucuronidase Needed for Assay with a 20 Sample Excess = (# samples + 20) x 
mg/sample =  (100 + 20) x 0.796  =  95.58 mg Total 
    
mL Total Diluent Needed for Assay with a 20 Sample Excess = (# samples + 20) x 0.1 
mL/sample =  (100 + 20) x 0.1 = 12.0 mL Total 
    
Actual Mass of ß-Glucuronidase = 95.6 mg         Actual Volume of Diluent = 12.0 mL 
    
Actual ß-Glucuronidase Concentration = mg/mL = 7.97 mg/mL Diluent = 0.797 mg/100 µL 
Diluent           
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Table II.  Concentration of urine matrix-based standards using 0.5 mL blank urine, 1.5 

mL Buffer&ISTD solution, and 100 µL standard spike solutions. 

 
 

Standard Urine  ng/mL Urine   
 Cotinine Nicotine 3-Hydroxycotinine 
    

Std0  0 0 0 
Std1  59 62 115 
Std2  118 124 231 
Std3  980 1032 1922 
Std4  1960 2064 3844 
Std5  5880 6192 11532 
Std6  9800 10320 19220 
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Table III.  Concentration of urine matrix-based QA/QC controls using 0.5 mL blank 

urine, 1.5 mL Buffer&ISTD solution, and 100 µL quality control spike solutions. 

 
 

Urine Control   ng/mL Urine   
 Cotinine Nicotine 3-Hydroxycotinine 
    

QC0Blank † 0 0 0 
QCLOQ 63 64 113 
QCLow 1895 193 339 
QCMid 4208 4296 7544 
QCHigh 8416 8592 15088 
QCQuik 2000 2000 0 
 
† QC0Blank contains 1.5 mL Buffer-only instead of 1.5 mL Buffer&ISTD. 
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Table IV.  Typical SPE procedure conditions. 
 
 

    SPE Procedure     
     

Step   Volume Speed 
Number Procedure Reagent mL mL/min 

     
1 Condition Methanol 3.0 10.0 
2 Condition 0.6 M Buffer 3.0 10.0 
3 Load Urine Sample 0.8 1.0 
4 Rinse 2% NH4OH 3.0 10.0 
5 Rinse H2O 3.0 10.0 
6 Collect (Elute) Methanol 0.5 1.0 
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Table V.  Typical Agilent Model 1100 HPLC system conditions. 
 
 

LC Quaternary Pump Method  
 

Mobile Phase    100 % Methanol 
Duration (min)    3.500 
Minimum Pressure (psi)   0.0 
Maximum Pressure (psi)    3000.0 
Maximum Flow Ramp (mL/min²) 100.0 
Maximum Pressure Ramp (psi/sec) 290.0 
Compressibility    125.0 
Dead Volume (µL)   40.0 
Stroke Volume (µL)   -1.0 

 
Autosampler Method 

 
Syringe Size (µL)   100 
Injection Volume (µL)   5.00 
Draw Speed (µL/min)    50.0 
Eject Speed (µL/min)   200.0 
Needle Level (mm)   5.00 
Wash Vial Number   100  
Wash Rack Number   1 

 
Column Oven Method 

 
Left Temperature (°C)   60.00 
Right Temperature (°C)   60.00 
Temperature Tolerance +/- (°C)  1.00 
Start Acquisition Tolerance +/- (°C) 0.50 
 



 14 

Table VI.  Typical API-365 PPG tune resolution (Offset) and tune calibration (DAC) 

parameters. 

 
 

Quadrupole 1 Resolution/Calibration 
 

  Mass (amu) Offset Value    DAC Value 
 

 59.050     0.053     1103 
 175.133     0.080     3322 
 616.464     0.181     11758 
 906.673     0.248     17306 
 1254.925     0.329     23963 
 1545.134     0.394     29511 
 2010.469     0.500     38403 
 2242.637     0.565     42840 
 

 
 

Quadrupole 3 Resolution/Calibration 
 

         Mass (amu) Offset Value  DAC Value 
 
 
        59.050      0.074     1101 

  175.133      0.124     3318 
      616.464      0.294     11733 

  906.673      0.410     17268 
       1254.925      0.544     23909 
      1545.134      0.661     29445 
      2010.469      0.850     38314 
      2242.637      0.947     42742 
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Table VII.  Typical Applied Biosystems API-365 MS-MS system conditions. 

 

 
Mass Spectrometer Method Properties 

  
Source       Heated Nebulizer 
N2 Nebulizer (NEB) Gas   15 
N2 Curtain (CUR) Gas   15 
N2 Collision (CAD) Gas   3 
Nebulizer Current (µA)    2.0 
Source Temperature (°C)   500.0 
Synchronization Mode    LC Sync 
Run Duration (min)   3.500 
Acquisition Duration (min)  0.5 
Cycle Time (sec)    0.254 
Cycles (#)     119 
Scan Type    Positive MRM 
Resolution Q1    UNIT 
Resolution Q3    UNIT 
Intensity Threshold (cps)   0.00 
Smart Settling    On 
MRM Pause (msec)   2 
DP, Declustering Potential  Mass-Dependant (see Table VIII) 
FP, Focusing Potential   Mass-Dependant (see Table VIII) 
EP, Entrance Potential   Mass-Dependant (see Table VIII) 
IE1, Ion Energy 1   0.7 
CEP, Collision Cell Entrance Potential Mass-Dependant (see Table VIII) 
CE, Collision Energy   Mass-Dependant (see Table VIII) 
CXP, Collision Cell Exit Potential Mass-Dependant (see Table VIII) 
IE3, Ion Energy 3    5.1 
DF, Deflector    -360.0 
CEM, Electron Multiplier  2200.0 
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Table VIII.  Typical API-365 MRM analyte ion parameters. 

  

Q1 Mass (amu)   Q3 Mass (amu)   Time (msec) Parameter Start Stop 
  
193.20   80.00   40.00  DP  10.00 10.00 
           FP  115.00 115.00 
           EP  -9.50 -9.50 
           CEP  10.00 10.00 
           CE  40.00 40.00 
           CXP  15.00 15.00  
 
 Q1 Mass (amu)  Q3 Mass (amu)   Time (msec) Parameter Start Stop 
  
163.20   84.00   40.00  DP  11.00 11.00 
           FP  105.00 105.00 
           EP  -7.00 -7.00 
           CEP  9.50 9.50 
           CE  25.00 25.00 
           CXP  10.00 10.00 
  
Q1 Mass (amu ) Q3 Mass (amu ) Time (msec) Parameter Start Stop 
  
177.20   80.00   40.00  DP  20.00 20.00 
           FP  140.00 140.00 
           EP  -8.00 -8.00 
           CEP  10.00 10.00 
           CE  34.00 34.00 
           CXP  10.00 10.00  
 
Q1 Mass (amu ) Q3 Mass (amu)  Time (msec) Parameter Start Stop 
  
196.20   80.00   40.00  DP  12.00 12.00 
           FP  110.00 110.00 
           EP  -10.00 -10.00 
           CEP  9.00 9.00 
           CE  38.00 38.00 
           CXP  14.00 14.00 
  
 Q1 Mass (amu)  Q3 Mass (amu)   Time (msec) Parameter Start Stop 
  
166.20   132.00   40.00  DP  13.00 13.00 
           FP  110.00 110.00 
           EP  -5.50 -5.50 
           CEP  6.80 6.80 
           CE  22.00 22.00 
           CXP  18.00 18.00  
  
Q1 Mass (amu)   Q3 Mass (amu ) Time (msec) Parameter Start Stop 
  
180.20   80.00   40.00  DP  20.00 20.00 
           FP  125.00 125.00 
           EP  -8.00 -8.00 
           CEP  7.50 7.50 
           CE  33.00 33.00 
           CXP  14.00 14.00 
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Figure 1.  Flow diagram of the urinary metabolite assay. 
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Figure 2.  Typical cotinine MRM chromatograms from QCU354 (positive control), Std3, and QC0Blank (double blank). 
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Figure 3.  Typical cotinine-d3 MRM chromatograms from QCU354 (positive control), Std3, and QC0Blank (double blank). 
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Figure 4.  Typical nicotine MRM chromatograms from QCU354 (positive control), Std3, and QC0Blank (double blank). 
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Figure 5.  Typical nicotine-d3 MRM chromatograms from QCU354 (positive control), Std3, and QC0Blank (double blank). 
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Figure 6.  Typical trans-3’-hydroxycotinine MRM chromatograms from QCU354 (positive control), Std3, and QC0Blank (double 
blank). 
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Figure 7.   Typical trans-3’-hydroxycotinine-d3 MRM chromatograms from QCU354 (positive control), Std3, and QC0Blank (double 
blank). 
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Figure 8.  Calibration curve for a typical –U (free metabolite) assay (n = 3 at each concentration, linear fit, no weighting, Std0 not 
included). 
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Figure 9.  Calibration curve for a typical –T (total metabolite) assay (n = 3 at each concentration, linear fit, no weighting, Std0 not 
included). 
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Principle 
 
This method for nicotine, cotinine, trans-3’-hydroxycotinine and their corresponding 
glucuronides nicotine-N-glucuronide, cotinine-N-glucuronide and trans-3’-hydroxycotinine-
O-glucuronide consists of  the direct analysis with an Applied Biosystems API-2000 
LC-MS/MS with heated nebulizer (APCI) interface. This method is applicable for urine 
samples from smokers. 
For the determination of 6 analytes, 1 ml of urine is filtered through a 0.22 µm syringe filter 
cap. 10 µl of internal standard solution containing nicotine-methyl-D3, cotinine- methyl-D3, 
trans-3’-hydroxycotinine-methyl-D3, nicotine-N-glucuronide-methyl-D3, cotinine-N-glucuro-
nide-methyl-D3 and trans-3’-hydroxycotinine-N-glucuronide-methyl-D3 are added to an 
aliquot of 100 µl filtered urine. The sample is analysed by LC-MS/MS on a Phenomenex 
Synergy MAX RP 80 (150 mm x 4.6 mm) with an isocratic mobile phase containing 20 % 
ammoniumacetate buffer (pH 6.8) and 80 % Methanol.  
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Chemicals and Materials: 
 

1. (-)Nicotine in methanol, 1 mg/ml, Cat. No. N-5511, Sigma, Deisenhofen, Germany 
2. (-)Cotinine in methanol, 1 mg/ml, Cat. No. C 0430, Sigma, Deisenhofen, Germany 
3. (3’R, 5’S)-3’-Hydroxycotinine, Cat. No. H 92450, Toronto Research Chemicals, 

North York, Canada 
4. Nicotine-methyl-D3, Cat. No. N 412425, Toronto Research Chemicals, North York, 

Canada 
5. Cotinine-methyl-D3, Cat. No. C 725005,  Toronto Research Chemicals, North York, 

Canada 
6. (3’R, 5’S)-3’-Hydroxycotinin-methyl-D3, Cat. No. H 924510, Toronto Research 

Chemicals, North York, Canada 
7. Nicotine-N-β-glucuronide, Cat. No. N 424575, Toronto Research Chemicals, North 

York, Canada 
8. Cotinine-N-β-glucuronide, Cat. No.  C 725175, Toronto Research Chemicals, North 

York, Canada 
9. (3’R, 5’S)-3’-Hydroxycotinine-O-glucuronide, Syntheselabor Dr. Mark, worms, 

Germany 
10. Nicotine-N-β-glucuronide-methyl-D3, Cat. No. N 424595, Toronto Research 

Chemicals, North York, Canada 
11. Cotinine-N-β-glucuronide-methyl-D3, Cat. No. C 725180, Toronto Research 

Chemicals, North York, Canada 
12. (+/-)trans-3’-Hydroxycotinine-N-β-D-glucuronide-methyl-D3, Toronto Research 

Chemicals, North York, Cananda 
13. Ammoniumacetate: Cat. No. 1.01116.1000, Merck, Darmstadt, Germany 
14. deionisized water  from ionexchange System SERALPUR, Munich, Germany 
15. Methanol, Cat. No. 3041, Promochem, Wesel, Germany 
16. Vortexer, VWR, Darmstadt, Germany 
17. PE (Polyethylen)-vials  (0,5 ml; 1,5 ml; 2 ml) Eppendorf, Hamburg, Germany 
18. Micro-vials for autosampler (100 µl) Agilent, Waldbronn, Germany 
19. 4 ml glasvials, Zefa Laborservice, Munich, Germany 
20. Luer lock syringes (2 ml), Omnifix B.Braun, Melsungen Germany 
21. Millipore Millex-GV filter units, 0.22 µm (13 mm), cat no SLGV01392, Fisher, 

Schwerte, Germany 
22. Millipore membrane filters 0.22 µm (47 mm), cat no GSWP04700, Fisher, Schwerte, 

Germany 
23. HPLC-column Synergi MAX RP 80, 150 x 4.6 mm, 4µm, 80 Å with pre-column 

MAX RP 80, 4 x 3 mm, Phenomenex, Aschaffenburg, Germany 
 
Instrumentation: 
 

1. An Agilent Model 1100 HPLC system consisting of a handheld control module, a 
vacuum degasser, a binary pump, a thermostated autosampler fitted with a 100 x 1.8 
mL vial tray and a thermostated column compartment was purchased from Agilent 
Technologies, Waldbronn, Germany  

2. A PE Sciex Model API 2000 MS/MS system equipped with an atmospheric pressure 
chemical ionisation (APCI) heated nebulizer ion source and Analyst Software 1.1 on 
Windows NT Service Pack 5 was purchased from Applied Biosystems, Langen, 
Germany  
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Experimental (Chemical preparations) 
 
Ammoniumacetate Buffer Preparation 
A 10 mM ammoniumacetate buffer (pH 6.8) was prepared by transferring 770.8 mg of solid 
ammoniumacetate into a 1-L volumetric flask and diluting to the line with deionisized water. 
After mixing thoroughly,  the solution was filtered with a 0.22 µm filter leaf 
 
Internal Standard Preparation 
Aqueous standard stock solutions of the six deuterated analytes, except trans-3’-
hydroxycotinin-N-glucuronide-methyl-D3, with a concentration of 1.0 mg/ml were preparated 
and stored at  4 °C. Trans-3’-hydroxycotinin-N-glucuronide-methyl-D3 is splitted in suitable 
aliquots and stored at –20 °C. The analytes in the solutions should be stable at least 12 month 
under conditions described. Nevertheless each solution should be controlled in regular 
intervals. 
 
Internal standard-mix solution of the deuterated analytes (ISTD-Mix, 10 µg/ml) 
10 µl of  each standard stock solution of the six deuterated analytes were added to 940 µl 
water and mixed thoroughly. Aliquots of 50 µl of the internal standard mix (10 µg/ml) were 
stored at –20 °C.  The solutions should be stable at least 12 month under conditions described. 
Nevertheless the solution should be controlled in regular intervals. 
 
Analytical Standard Preparation 
Commercial stock solutions of nicotine and cotinine in methanol were stored at 4 °C. The 
expiring date is shown on each charge. 
Aqueous standard stock solutions of trans-3’-hydroxy-cotinine, nicotine-N-glucuronide, 
cotinine-N-glucuronide and trans-3’-hydroxy-cotinine-O-glucuronide with a concentration of 
1.0 mg/ml were preparated and stored at  4 °C. The prepared solutions should be stable at 
least 12 month under conditions described. Nevertheless the solution should be controlled in 
regular intervals. 
 
Standard-mix solution of the analytes 
STD-Mix I, 50 µg/ml 
10 µl of each stock solution (1.0 mg/ml) of the six non-deuterated analytes are added to 
140 µl deionizised Water. 
The further calibration standards are diluted in nonsmoker’s urine (without exposure to 
tobacco smoke) to receive a matrix based calibration. Urine based calibrations show less 
ionisation of the glucuronides than water based, so an aqueous calibration may produce 
incorrect glucuronide values! 
 
STD-Mix II, 5 µg/ml 
10 µl of STD-Mix I (50 µg/ml) were added to 90 µl nonsmoker’s urine. 
 
STD-Mix III, 2.5 µg/ml 
10 µl of STD-Mix I (50 µg/ml) were added to 190 µl nonsmoker’s urine. 
 
STD-Mix IV, 1 µg/ml 
20 µl of STD-Mix II (5 µg/ml) were added to 80 µl nonsmoker’s urine. 
 
STD-Mix I (50 µg/ml) can be stored for 6 month at –20 °C. STD-Mix II, III, IV are stable for 
one week at 4 °C and should be prepared freshly each time calibration is carried out.  
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Stock solutions for the matrix based calibration curve 
 

STD-Mix solution 
(µl) 

 
nonsmoker’s urine 

(µl) 

 
concentration 

(ng/ml) 
 
0 

 
100 

 
0 

 
IV               10 

 
90 

 
100 

 
III               10 

 
90 

 
250 

 
 II                10 

 
90 

 
500 

 
  IV              100 

 
0 

 
1000 

 
  III              100 

 
0 

 
2500 

 
   II               100 

 
0 

 
5000 

 
For analysis 10 µl ISTD-Mix (10 µg/ml) were added to 100 µl solution of  each concentration 
level, mixed thoroughly and filled in microvials. 
 
Sample Preparation 
About 1 ml of urine is filtered through a 0.22 µm syringe filter into an 1.5 ml sample vial. 
100 µl of the filtered urine are transferred to a 0.5 ml sample vial and 10µl ISTD-Mix 
(10 µg/ml) were added. The prepared sample is mixed thoroughly and filled in an microvial 
for LC-MSMS analysis. The samples in microvials can be stored at 4 °C for one week. 
 
 
Analytical determination by LC-MSMS 
 
HPLC  

 
HPLC-columns  
Analytical column: Synergi MAX RP 80, 150 x 4.6 mm, 4µm, 80 Å 
precolumn: MAX RP 4 x 3 mm 
column temperature: 45 °C (isothermal) 
 
Autosampler-temperature: 4 °C 
Injectionvolume:  1 µL 
Solvent A:   10 mM Ammoniumacetat, aq., pH 6,8 
Solvent B:   Methanol 
 
Binary pump:  isocratic 20 % A und 80 % B 
Flowrate:   1 ml/min 
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Retentiontimes (RT)  
 
 glucuronide  

RT (min) 
aglykon 

RT (min) 
nicotine/glucuronide 1.48 2.10 
cotinine/glucuronide 1.42 1.63 
trans-hydroxy-cotinine/glucuronide 1.36 1.57 
D3-methyl-nicotine/glucuronide 1.48 2.10 
D3-methyl-cotinine/glucuronide 1.42 1.62 
D3-methyl-trans-hydroxy-cotinine/glucuronide 1.37 1.57 

 
 
MSMS-parameters for positive ionisation with APCI-ionsource  
 
[D3-methyl]-nicotine:    ion-transition m/z 166 → 130 (MRM) 
      dwelltime 100 ms 
      DP 66 V 
      FP 360 V 
      EP –10 V 
      CEP 8 V 
      CXP 6 V 
      CE 29 V 
 
nicotine:     ion-transition m/z 163 → 130 (MRM) 
      dwelltime 100 ms 
      DP 31 V 
      FP 250 V 
      EP –12 V 
      CEP 10 V 
      CXP 4 V 
      CE 31 V 
 
[D3-methyl]-cotinine:    ion-transition m/z 180 → 80 (MRM) 
      dwelltime 100 ms 
      DP 66 V 
      FP 340 V 
      EP –10 V 
      CEP 10 V 
      CXP 10 V 
      CE 35 V 
 
cotinine:     ion-transition m/z 177 → 80 (MRM) 
      dwelltime 100 ms 
      DP 56 V 
      FP 360 V 
      EP –9,5 V 
      CEP 8 V 
      CXP 10 V 
      CE 33 V 
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[D3-methyl]-trans-hydroxycotinine:  ion-transition m/z 196 → 80 (MRM) 
      dwelltime 100 ms 
      DP 66 V 
      FP 310 V 
      EP –6 V 
      CEP 12 V 
      CXP 10 V 
      CE 41 V 
 
trans-hydroxycotinine:   ion-transition m/z 193 → 80 (MRM) 
      dwelltime 100 ms 
      DP 41 V 
      FP 360 V 
      EP –9,5 V 
      CEP 8 V 
      CXP 4 V 
      CE 41 V 
 
remark: 
Because of the thermal deconjugation of the glucuronides in the APCI ion source at high 
temperatures, the ion-transitions of the glucuronides correspond to the ion-transition of the 
aglycons. Identification and quantification is possible due to the chromatographic separation 
of glucuronide and aglycon. 
 
APCI ion source:    CUR 30 Psi 
      TEMP 495 °C 
      CAD 2 
      NC 2 µA 
      GAS 1 70 Psi 
      GAS 2 15 Psi 
 
 
Abbreviations: 
V = Volt, Psi = pressure unit, A = Ampere 
MRM = multiple reaction monitoring (measurement of ion transitions) 
DP = declustering potential 
FP = focusing potential 
EP = entrance potential 
CEP = collision cell entrance potential 
CXP = collision cell exit potential 
CE = collision energy 
CUR = curtain gas 
CAD = Collision cell gas 
NC = nebulizer current 
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Calibration and quantification of the analytes 
 
For calculation of the results, linear fitting of the calibration curves is used by applying the 
equation:  
y = mx with  
y = ratio analyte-area to internal standard-area 
m = slope 
x =  analyte concentration 
the analyte concentration x is determined with the equation 
x = y / m 
Calibration curves and analyte concentration are determined automatically by the Analyst 1.1 
software of the API 2000 LC-MSMS system. For linear regression the calibration curves are 
forced to x,y = 0,0 and a 1 / x weighting is applied to achive better fitting at low 
concentrations.  
Calibration1 is linear between 100 ng/ml and 5000 ng/ml urine. 
The following data are produced with a water based and a matrix based calibration. The 
slopes for the glucuronides show differences between water and urine. 
 

analyte m R2 m R2 

 water water urine urine 

nicotine 0.00154 0.9984 0.00152 0.9984 
cotinine  0.00137 0.9996 0.00141 0.9994 
trans-hydroxycotinine  0.00115 0.9998 0.00110 0.9995 
nicotine-N-glucuronide  0.00131 0.9994 0.000928 0.9982 
cotinine-N-glucuronide  0.00119 0.9997 0.00109 0.9994 
trans-hydroxycotinine-O-glucuronide 0.00125 0.9995 0.00106 0.9984 

 
 
Quality control 
 
A pool-urine sample is measured at least once per day for quality assurance of the analytical 
system. Aliquots of the pool-urine are stored at –20 °C and thawed with each series 
determined. 
 
 
Selectivity 
 
Selectivity is the ability of an analytical method to differentiate and quantify the analyte in the 
presence of other compounds in the sample. Selectivity was achieved due to chromatographic 
separation (baseline) between glucuronides and their corresponding aglycons. The 
identification of each analyte and internal standard was ensured by determination of  three ion 
transitions per analyte during method development. Cross-talk between the ion transitions 
wasn’t determined. Glucuronides were identified by  deconjugation with ß-glucuronidases. 
 
Accuracy 
 
The accuracy of an analytical method describes the closeness of mean test results to the 
obtained by the method to the true concentration (100 %) of the analyte. The data describe the 
accuracy for an aqueous calibration. 
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expected 
conc ng/ml Nicotine Cotinine OH-Cotinine Nic.-gluc Cot.-gluc OHCot.-gluc 

100 97.4 94.7 106 103.5 90.5 92.5 
500 95.4 104 104.4 108.5 103 102.1 

1000 96.5 103.4 99.8 102 97.5 101.7 
2500 100.8 100.7 99.5 101.7 102.1 99 
5000 100.8 98.7 99.7 97.8 99.3 100.1 

 
 
Precision 
 
The precision of an analytical method describes the closeness of individual measures of an 
analyte when the procedure is applied repeatedly to multiple aliquots of  a single homogenous 
volume of biological matrix.  
Intraday precision was measured with six determinations per concentration levels in three 
typical concentration (low, middle, high). 
 

[%CV] Nicotine Cotinine OH-Cotinine Nic.-gluc Cot.-gluc OHCot.-gluc 
high 3.9 3.2 2.5 4.9 3.0 5.2 

middle 3.0 2.8 3.5 5.2 3.8 4.2 
low 23.6 6.0 6.4 20.0 5.3 6.3 

 
Interday precision was measured with six determinations per concentration levels in three 
typical concentration (low, middle, high) at five different days. 
 

[%CV] Nicotine Cotinine OH-Cotinine Nic.-gluc Cot.-gluc OH-Cot.-gluc 
high 4.4 3.7 3.3 6.1 3.7 5.3 

middle 3.3 3.2 2.5 4.4 2.6 6.2 
low 21.4 4.5 3.9 23.8 2.5 5.9 

 
 
Recovery 
 
The recovery of an analyte is the response obtained from an amount of the analyte added to 
biological matrix, compared to the response obtained for the true concentration of the pure 
authentical standard. Data of two standard calibration curves without matrix (100 %) were 
compared with two calibration curves in nonsmoker’s urine. 
 

Conc ng/ml Nicotine 
recovery % 

Cotinine 
recovery % 

OH-Cotinine
recovery % 

Nic.-gluc 
recovery % 

Cot.-gluc 
recovery % 

OH-Cot.-gluc
recovery % 

100 101-117 99,9-102 79,7-97 70,4-72,8 131,5-135 94,9-146 
500 93,2-97,8 93,4-103,1 99,4-101,1 57,4-75,6 102,8-103,6 84,8-90,7 

1000 103-106,5 98,7-104 91,6-100,1 66,3-78,7 97,7-104,5 88,4-90,0 
2500 96,2 104,6 104 59 91,8 86,6 
5000 94,7-99,6 95-102,8 103,8-106,2 60,3-69,6 90,6-91,8 82-90,9 

10000 100 89,8 104 73,5 93,7 77,4 
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Limit of detection and limit of quantification 
 
Limit of detection (LOD) and limit of quantification(LOQ) can be determined in several  
ways. Most common is the signal to noise method , where the signal to noise ratio of the 
analyte in a spiked nonsmoker’s urine is compared with the signal to noise ratio in urine 
without any added analyte. 
 

 Nicotine Cotinine OH-Cot. Nic.-gluc. Cot.-gluc. OH-Cot.-gluc.

LOD [ng/ml] 20 10 13 50 20 30 

LOQ[ng/ml] 50 30 40 200 60 50 
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Appendix 
 
Typical chromatogramms of a smokers urine (analytes): 
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Typical chromatogramms of a smokers urine (deuterated internal standards): 
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Chromatogramms of a spiked non-smoker’s urine (1000 ng/ml, analytes): 
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CORESTA Task Force Nicotine Uptake: 
 
 
Ring Trial 1



CORESTA Task Force „Nicotine Intake“ 
 
 
List of laboratories willing to participate in the 1st ring-trial  (Status by April 24, 2002) 
 
 
No Name / Address Status e-mail Analytes (Method) 
1 Prof. Dr. Juergen Angerer. 

Universität Erlangen-Nürnberg 
Inst. für Arbeits- und Umweltmedizin 
Schillerstr. 25/29 
91054 Erlangen 
GERMANY 

University angerer@asumed.med.uni-erlangen.de 
 

 
2. Cotinine (GC-NPD) 

2 Johan Birgersson 
Analytical R&D, Bioanalytical Section
  
Consumer Healthcare 
Pharmacia AB  
Norrbroplatsen 2 
S-251 09 Helsingborg 
SWEDEN 

Pharmceutical Industry johan.birgersson@pharmacia.com 

 
 
 

1. Nicotine (GC-NPD) 
2. Cotinine (GC-NPD) 
 

3 Sharon Murphy, Room CCRB 760C 
University of Minnesota Cancer Center 
425 East River Road 
Minneapolis, MN 55455  
USA 

University murph062@umn.edu 

 
 

 

1. Nicotine (GC-MS) 
2. Cotinine (GC-MS) 
3. Trans-3’-hydroxycotinin (GC-MS) 
4. Nicotine-N-Gluc (Base treat. then GC-MS) 
5. Cotinine-N-Gluc (Base treat. then GC-MS) 
6. Trans-3’-hcot-Gluc (ß-Glucuronid., GC-
MS) 

4 Dr. Michael Müller 
Georg-August-Universität Göttingen 
Institut für Arbeits- und Sozialmedizin 
Waldweg 37 
37073 Göttingen 
GERMANY 

University 
 

mmuelle3@gwdg.de 

 

 
2. Cotinine (GC-MS) 
 



 
5 Dr. Keith Phillips. 

Covance Laboratories Ltd 
Otley Road 
Harrogate 
N Yorks 
HG3 1PY 
UNITED KINGDOM 

Contract laboratory keith.phillips@covance.com 

 

1. Nicotine  (LC-MSMS) 
2. Cotinine (LC-MSMS) 
3. Trans-3’-hydroxycot (LC-MSMS) 
4. Nicotine-N-Gluc (Glucuronid. then LC-MSMS) 
5. Cotinine-N-Gluc (Glucuronid. then LC-MSMS) 
6. Trans-3’-hcot-Gluc (Glucuronid. then LC-MSMS) 

6 Dr. Hubert Klus 
OEKOLAB 
Gesellschaft für Umweltanalytik 
Hasnerstr. 127 
A-1160 Wien 
AUSTRIA 

Contract laboratory hubertklus@autriatabak.com 
 

1. Nicotine (LC-MSMS) 
2. Cotinine (LC-MSMS) 
3. Trans-3’-hydroxycot (LC-MSMS) 
4. Nicotine-N-Gluc  (LC-MSMS) 
5. Cotinine-N-Gluc  (LC-MSMS) 
6. Trans-3’-hcot-Gluc  (LC-MSMS) 

7 Dr Xavier CAHOURS 
ALTADIS-Centre de Recherche 
Département Recherche Tabac Fumée 
Service Bio-Chimie 
4 rue André Dessaux 
45404 FLEURY les AUBRAIS Cedex 
-Les-Aubrais Cedex 
FRANCE 

Tobacco industry xavier.cahours@altadis.com 
 
 

1. Nicotine (GC-NPD) 
2. Cotinine (GC-NPD) 
3. Trans-3’-hydroxycot (GC-NPD) 
4. Nicotine-N-Gluc  (Deconjugation then GC-NPD) 
5. Cotinine-N-Gluc  (Deconjugation then GC-NPD) 
6. Trans-3’-hcot-Gluc  (Deconjugation then GC-NPD)

8 Dr. Michael Ogden 
RJ Reynolds Tobacco Company 
95 West 32nd Street 
Winston Salem, NC 27102 
USA 

Tobacco industry ogdenm@rjrt.com 1. Nicotine (LC-MSMS and GC-MS) 
2. Cotinine (LC-MSMS and GC-MS) 
3. Trans-3’-hydroxycot (LC-MSMS and GC-MS) 
4. Nicotine-N-Gluc (LC-MSMS and GC-MS) 
5. Cotinine-N-Gluc (LC-MSMS and GC-MS) 
6. Trans-3’-hcot-Gluc (LC-MSMS and GC-MS) 

9 Dr. Georg Scheper 
INBIFO GmbH 
Fuggerstr. 3 
51149 Köln 
GERMANY 

Tobacco industry schepers.georg@pmintl.ch 
 

1. Nicotine  
2. Cotinine 
3. Trans-3’-hydroxycot 
4. Nicotine-N-Gluc 
5. Cotinine-N-Gluc 
6. Trans-3’-hcot-Gluc 
+ 7 additional metabolites 
Method: HPLC after derivatization with 1,3-diethyl-
2-thiobar-bituric acid (glucuronides after 
deconjugation with ß-glucuronidase)  



 
10 Dr. Gerhard Scherer 

ABF GmbH 
Goethestr. 20 
80336 München 
GERMANY 
 

Contract laboratory 
 
(Organizer) 

gerhard.scherer@abf-lab.com 1. Nicotine (LC-MSMS and GC-MS) 
2. Cotinine (LC-MSMS and GC-MS) 
3. Trans-3’-hydroxycot (LC-MSMS and GC-MS) 
4. Nicotine-N-Gluc (LC-MSMS and (indirect) GC-MS) 
5. Cotinine-N-Gluc (LC-MSMS and (indirect) GC-MS) 
6. Trans-3’-hcot-Gluc (LC-MSMS and (indirect) GC-MS) 
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1st CORESTA Ring-trail on Nicotine metabolites

Nicotine

ng/ml
Lab Code

A B C
Level 1 Measurement 1 < LOD 1.40 5

Measurement 2 1.50 7

Measurement 3 1.30 6

Level 2 Measurement 1 47.5 44.8 55

Measurement 2 58.1 43.1 50

Measurement 3 49.8 43.4 49

Mean 51.80 43.77 51.33

SD 5.58 0.91 3.21

rel. SD 10.76 2.07 6.26

Level 3 Measurement 1 312 301 344

Measurement 2 320 316 325

Measurement 3 318 317 355

Mean 316.67 311.33 341.33

SD 4.16 8.96 15.18

rel. SD 1.31 2.88 4.45

Level 4 Measurement 1 1570 1332 1430

Measurement 2 1500 713 1420

Measurement 3 1420 1385 1470

Mean 1496.67 1143.33 1440.00

SD 75.06 373.62 26.46

rel. SD 5.01 32.68 1.84

Level 5 Measurement 1 2530 2529 2420

Measurement 2 2380 2523 2600

Measurement 3 2560 2457 2530

Mean 2490.00 2503.00 2516.67

SD 96.44 39.95 90.74

rel. SD 3.87 1.60 3.61

Spike low Amount spiked 490 490 490

Measurement 1 452 404 446

Measurement 2 457 402 453

Measurement 3 420 397 464

Mean 443.00 401.00 454.33

SD 20.07 3.61 9.07

rel. SD 4.53 0.90 2.00

Recovery(%) 90.41 81.84 92.72



Spike high Amount spiked 4200 4200 4200

Measurement 1 3720 3779 3870

Measurement 2 4040 3959 3910

Measurement 3 4040 3632 3720

Mean 3933.33 3790.00 3833.33

SD 184.75 163.78 100.17

rel. SD 4.70 4.32 2.61

Recovery(%) 93.65 90.24 91.27



D E F G H I L
< LOD 6 < LOD 338 < LOD < 10 0.8

5 141 < 10 1.6

5 199 < 10 1.6

44.00 42.3 100 180 72 48.3 43.7

49 47.4 95 218 57 47.3 43.8

40 44.4 95 213 63 47.6 45.8

44.33 44.70 96.67 203.67 64.00 47.73 44.43

4.51 2.56 2.89 20.65 7.55 0.51 1.18

10.17 5.73 2.99 10.14 11.80 1.08 2.67

355 299 489 759 346 349.9 337.9

367 301.6 458 704 402 338.3 334

364 311.1 445 686 349 341.3 347.1

362.00 303.90 464.00 716.33 365.67 343.17 339.67

6.24 6.37 22.61 38.03 31.50 6.02 6.73

1.73 2.10 4.87 5.31 8.61 1.75 1.98

1599 1294 2032 2352 1610 1433.1 1410.2

1619 1274 1681 2261 1704 1446.9 1416.4

1679 1262 1962 2615 1700 1414.5 1437.1

1632.33 1276.67 1891.67 2409.33 1671.33 1431.50 1421.23

41.63 16.17 185.77 183.83 53.15 16.26 14.09

2.55 1.27 9.82 7.63 3.18 1.14 0.99

2970 2405 2542 3747 2970 2438.3 2564.6

3186 2417 2664 4016 2590 2504.1 2562.6

3110 2348 2142 3608 2750 2495.6 2528.5

3088.67 2390.00 2449.33 3790.33 2770.00 2479.33 2551.90

109.57 36.86 273.06 207.42 190.79 35.79 20.29

3.55 1.54 11.15 5.47 6.89 1.44 0.80

490 490 490 490 490 490 490

453 404.3 516 632 567 456 386.8

468 407.3 580 626 640 468.2 393.3

451 400.5 510 801 520 462.1 392.5

457.33 404.03 535.33 686.33 575.67 462.10 392.90

9.29 3.41 38.80 99.35 60.47 6.10 0.57

2.03 0.84 7.25 14.48 10.50 1.32 0.14

93.33 82.46 109.25 140.07 117.48 94.31 80.18



4200 4200 4200 4200 4200 4200 4200

3956 3691 4396 5831 4450 1813 3804.1

4011 3559 4691 5489 4600 3847 3859.5

3887 3668 5007 5797 4830 3737.8 3793.9

3951.33 3639.33 4698.00 5705.67 4626.67 3792.40 3826.70

62.13 70.51 305.56 188.41 191.40 77.22 46.39

1.57 1.94 6.50 3.30 4.14 2.04 1.21

94.08 86.65 111.86 135.85 110.16 90.30 91.11
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1st CORESTA Ring-trail on Nicotine metabolites

Cotinine

ng/ml
Lab Code

A B C
Level 1 Measurement 1 < LOD < LOD 6

Measurement 2 < LOD 6

Measurement 3 < LOD 0

Level 2 Measurement 1 221 164 169

Measurement 2 217 165 166

Measurement 3 202 163 169

Mean 213.33 164.00 168.00

SD 10.02 1.00 1.73

rel. SD 4.70 0.61 1.03

Level 3 Measurement 1 469 464 425

Measurement 2 432 425 418

Measurement 3 402 430 420

Mean 434.33 439.67 421.00

SD 33.56 21.22 3.61

rel. SD 7.73 4.83 0.86

Level 4 Measurement 1 1740 1842 1760

Measurement 2 1710 848 1770

Measurement 3 1650 1852 1780

Mean 1700.00 1514.00 1770.00

SD 45.83 576.79 10.00

rel. SD 2.70 38.10 0.56

Level 5 Measurement 1 2510 2776 2540

Measurement 2 2460 2587 2550

Measurement 3 2400 2628 2500

Mean 2456.67 2663.67 2530.00

SD 55.08 99.42 26.46

rel. SD 2.24 3.73 1.05

Spike low Amount spiked 530 530 530

Measurement 1 544 443 524

Measurement 2 545 459 525

Measurement 3 531 490 555

Mean 540.00 464.00 534.67

SD 7.81 23.90 17.62

rel. SD 1.45 5.15 3.29

Recovery(%) 101.89 87.55 100.88



Spike high Amount spiked 3500 3500 3500

Measurement 1 3270 3564 3600

Measurement 2 3590 3690 3640

Measurement 3 3330 3402 3520

Mean 3396.67 3552.00 3586.67

SD 170.10 144.37 61.10

rel. SD 5.01 4.06 1.70

Recovery(%) 97.05 101.49 102.48



D E F G H I J
< LOD < LOD < LOD 18 < LOD < 10 4.83

28 < 10 5.17

31 < 10 2.02

201 200.8 320 122 187 172.8 192.5

204 193.1 231 144 168 169 192.99

188 201.5 256 144 163 179.7 191.51

197.67 198.47 269.00 136.67 172.67 173.83 192.33

8.50 4.66 45.90 12.70 12.66 5.42 0.75

4.30 2.35 17.06 9.29 7.33 3.12 0.39

425 441.6 694 373 416 450.4 464.64

435 430.8 614 343 467 453.4 486.75

408 430.4 694 331 419 461.3 488.88

422.67 434.27 667.33 349.00 434.00 455.03 480.09

13.65 6.35 46.19 21.63 28.62 5.63 13.42

3.23 1.46 6.92 6.20 6.59 1.24 2.80

1795 1706 2875 1460 1620 1854.2 2021.36

1862 1734 2397 1374 1790 1847.6 2046.23

1847 1691 2587 1420 1770 1855.4 2067.66

1834.67 1710.33 2619.67 1418.00 1726.67 1852.40 2045.08

35.16 21.83 240.67 43.03 92.92 4.20 23.17

1.92 1.28 9.19 3.03 5.38 0.23 1.13

2542 2566 3859 2076 2360 2615.5 2880.73

2598 2505 3301 2097 2200 2630 2618.66

2543 2453 3687 2013 2380 2599.9 2736.78

2561.00 2508.00 3615.67 2062.00 2313.33 2615.13 2745.39

32.05 56.56 285.76 43.71 98.66 15.05 131.25

1.25 2.26 7.90 2.12 4.26 0.58 4.78

530 530 530 530 530 530 530

529 528.3 647 397 640 575.4 494.98

538 540.5 643 415 640 559.7 513.74

584 527.5 650 379 504 570 518.32

550.33 532.10 646.67 397.00 594.67 568.37 509.01

29.50 7.29 3.51 18.00 78.52 7.98 12.37

5.36 1.37 0.54 4.53 13.20 1.40 2.43

103.84 100.40 122.01 74.91 112.20 107.24 96.04



3500 3500 3500 3500 3500 3500 3500

3566 3457 4229 3387 3090 1769.2 3771.61

3587 3482 4205 3112 3340 3728.2 3802.45

3520 3586 4104 3291 3200 3629.9 3989.73

3557.67 3508.33 4179.33 3263.33 3210.00 3042.43 3854.60

34.27 68.41 66.34 139.57 125.30 1103.75 118.04

0.96 1.95 1.59 4.28 3.90 36.28 3.06

101.65 100.24 119.41 93.24 91.71 86.93 110.13



K L
9.7 2.9

8.1 4.6

26 4.7

71.9 155.4

106.9 154.4

68.3 156.5

82.37 155.43

21.32 1.05

25.89 0.68

187.8 387

180.4 389.5

204.3 396.8

190.83 391.10

12.24 5.09

6.41 1.30

770.7 1550.2

770.7 1664.9

778.7 1538

773.37 1584.37

4.62 70.01

0.60 4.42

1272.9 2225.6

1188.6 2243.6

1277.5 2245.4

1246.33 2238.20

50.05 10.95

4.02 0.49

530 530

141.6 410.4

156.7 413.8

142.6 405.7

146.97 409.97

8.44 4.07

5.75 0.99

27.73 77.35



3500 3500

1117.6 2942.2

1150.2 2980.7

1209.5 2980.4

1159.10 2967.77

46.59 22.14

4.02 0.75

33.12 84.79
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3-OH-Cotinine: Level 2
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1st CORESTA Ring-trail on Nicotine metabolites

Trans-3-Hydroxy-cotinine

ng/ml
Lab code

A C D
Level 1 Measurement 1 < LOD 20 < LOD

Measurement 2 20

Measurement 3 27

Level 2 Measurement 1 869 838 733

Measurement 2 851 897 761

Measurement 3 872 856 739

Mean 864.00 863.67 744.33

SD 11.36 30.24 14.74

rel. SD 1.31 3.50 1.98

Level 3 Measurement 1 1420 1370 1156

Measurement 2 1490 1360 1140

Measurement 3 1380 1340 1220

Mean 1430.00 1356.67 1172.00

SD 55.68 15.28 42.33

rel. SD 3.89 1.13 3.61

Level 4 Measurement 1 4180 3630 3246

Measurement 2 3910 3800 3155

Measurement 3 3840 3720 3242

Mean 3976.67 3716.67 3214.33

SD 179.54 85.05 51.42

rel. SD 4.51 2.29 1.60

Level 5 Measurement 1 6880 6960 5817

Measurement 2 7180 7080 6112

Measurement 3 7070 7030 5474

Mean 7043.33 7023.33 5801.00

SD 151.77 60.28 319.30

rel. SD 2.15 0.86 5.50

Spike low Amount spiked 450 450 450

Measurement 1 477 461 374

Measurement 2 444 449 408

Measurement 3 463 455 722

Mean 461.33 455.00 501.33

SD 16.56 6.00 191.86

rel. SD 3.59 1.32 38.27

Recovery(%) 102.52 101.11 111.41



Spike high Amount spiked 3000 3000 3000

Measurement 1 3190 2850 2601

Measurement 2 3110 2830 2776

Measurement 3 2980 2770 2466

Mean 3093.33 2816.67 2614.33

SD 105.99 41.63 155.43

rel. SD 3.43 1.48 5.95

Recovery(%) 103.11 93.89 87.14



E F H I
6.6 < LOD < LOD < 10

7.1 10

6.7 10.4

871 1519 615 914.3

890 1442 606 954

843.6 1551 640 991.4

868.20 1504.00 620.33 953.23

23.33 56.03 17.62 38.56

2.69 3.73 2.84 4.04

1319 2317 842 1522.5

1293 2220 936 1465.8

1306 2063 929 1521.8

1306.00 2200.00 902.33 1503.37

13.00 128.18 52.37 32.54

1.00 5.83 5.80 2.16

3391 5813 2820 3935.2

3417 4449 2360 3958

3310 5633 2630 3886.3

3372.67 5298.33 2603.33 3926.50

55.81 741.03 231.16 36.63

1.65 13.99 8.88 0.93

6582 10411 4890 7516.3

6837 9558 5250 7474.5

6449 9095 5200 7381.3

6622.67 9688.00 5113.33 7457.37

197.17 667.56 195.02 69.11

2.98 6.89 3.81 0.93

450 450 450 450

493 978 325 491.6

501 1001 395 503.8

492 985 355 488.6

495.33 988.00 358.33 494.67

4.93 11.79 35.12 8.05

1.00 1.19 9.80 1.63

110.07 219.56 79.63 109.93



3000 3000 3000 3000

2896 4259 2150 1040.8

2973 4921 1930 3110.6

2891 4648 2180 3065.2

2920.00 4609.33 2086.67 2405.53

45.97 332.69 136.50 1182.11

1.57 7.22 6.54 49.14

97.33 153.64 69.56 80.18
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Nicotine-gluc: Level 2
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1st CORESTA Ring-trail on Nicotine metabolites

Nicotine-N-glucuronide

ng/ml
Lab code

A C D
Level 1 Measurement 1 0.00 31

Measurement 2 2.09 0

Measurement 3 0.00 0

Level 2 Measurement 1 112 52.16 73

Measurement 2 68.8 37.56 62.6

Measurement 3 130 60.51 60.5

Mean 103.60 50.07 65.37

SD 31.45 11.62 6.69

rel. SD 30.36 23.20 10.24

Level 3 Measurement 1 291 214.90 235.8

Measurement 2 184 235.77 218.6

Measurement 3 244 150.22 214.9

Mean 239.67 200.30 223.10

SD 53.63 44.60 11.15

rel. SD 22.38 22.27 5.00

Level 4 Measurement 1 1530 1168.40 861.7

Measurement 2 1630 1001.48 971.9

Measurement 3 1580 1022.35 920.1

Mean 1580.00 1064.07 917.90

SD 50.00 90.94 55.13

rel. SD 3.16 8.55 6.01

Level 5 Measurement 1 3560 3359.14 2724.9

Measurement 2 3730 3171.36 2537.1

Measurement 3 3870 3254.81 2562.1

Mean 3720.00 3261.77 2608.03

SD 155.24 94.08 101.98

rel. SD 4.17 2.88 3.91

Spike low Amount spiked 510 510 510

Measurement 1 546 396.42 421.5

Measurement 2 438 423.54 371.4

Measurement 3 592 396.42 438.7

Mean 525.33 405.46 410.53

SD 79.05 15.66 34.96

rel. SD 15.05 3.86 8.52

Recovery(%) 103.01 79.50 80.50



Spike high Amount spiked 3900 3900 3900

Measurement 1 3740 3484.32 3150.5

Measurement 2 3860 3859.88 3021.1

Measurement 3 3690 3776.42 3056.6

Mean 3763.33 3706.87 3076.07

SD 87.37 197.20 66.86

rel. SD 2.32 5.32 2.17

Recovery(%) 96.50 95.05 78.87



E F H I M
10 < LOD < LOD < 10

0 < 10

7  <10

196.5 56.33 < LOD 49.03 76.36

205.1 68.85 61.34 99.31

205.3 27.12 52.16 87.84

202.30 50.77 54.18 87.84

5.02 21.41 6.40 11.48

2.48 42.18 11.81 13.06

276.1 133.53 208.64 202.80 313.66

311.7 196.12 150.22 227.63 317.83

350.1 154.40 208.64 190.28 315.74

312.63 161.35 189.17 206.90 315.74

37.01 31.87 33.73 19.01 2.09

11.84 19.75 17.83 9.19 0.66

1082 1865.26 1243.51 1239.12 1397.90

1107 1493.88 799.10 1297.96 1377.04

1124 1195.52 711.47 1109.35 1387.47

1104.33 1518.22 918.02 1215.48 1387.47

21.13 335.53 285.26 96.50 10.43

1.91 22.10 31.07 7.94 0.75

2231 5541.53 2712.35 3803.75 4437.12

2617 5435.12 2837.53 2733.84 4103.29

2512 6161.20 3263.79 4270.21

2453.33 5712.62 2774.94 3267.12 4270.21

199.58 392.11 88.52 534.97 166.91

8.13 6.86 3.19 16.37 3.91

510 510.00 510.00 510.00

454.6 523.69 229.51 460.68

441.3 502.83 375.56 458.60

442.6 525.78 315.05 322.56

446.17 517.43 306.70 413.95

7.33 12.69 73.38 79.15

1.64 2.45 23.93 19.12

87.48 101.46 60.14 81.17



3900 3900.00 3900.00 3900.00

2431 3874.48 3922.47 4100.23

2366 3440.51 4256.30 2824.39

2599 2941.85 4089.38 2941.02

2465.33 3418.95 4089.38 3288.55

120.23 466.69 166.91 705.36

4.88 13.65 4.08 21.45

63.21 87.67 104.86 84.32
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Cotinine-gluc: Level 2
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Cotinine-gluc: Level 3
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Cotinine-gluc: Level 4
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Cotinine-gluc: Level 5
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Cotinine-gluc: low spike
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1st CORESTA Ring-trail on Nicotine metabolites

Cotinine-N-glucuronide

ng/ml
Lab code

A C D
Level 1 Measurement 1 < LOD 7 < LOD

Measurement 2 7

Measurement 3 4

Level 2 Measurement 1 932 662 608

Measurement 2 836 644 606

Measurement 3 909 638 612

Mean 892.33 648.00 608.67

SD 50.12 12.49 3.06

rel. SD 5.62 1.93 0.50

Level 3 Measurement 1 1180 920 882

Measurement 2 1130 944 937.7

Measurement 3 1210 850 876

Mean 1173.33 904.67 898.57

SD 40.41 48.84 34.02

rel. SD 3.44 5.40 3.79

Level 4 Measurement 1 5190 4340 4420

Measurement 2 5070 4240 4328.7

Measurement 3 5180 4360 4248

Mean 5146.67 4313.33 4332.23

SD 66.58 64.29 86.05

rel. SD 1.29 1.49 1.99

Level 5 Measurement 1 12400 11180 11016

Measurement 2 12400 11100 10954

Measurement 3 12000 10760 11238

Mean 12266.67 11013.33 11069.33

SD 230.94 223.01 149.32

rel. SD 1.88 2.02 1.35

Spike low Amount spiked 470 470 470

Measurement 1 511 444 416

Measurement 2 509 428 392

Measurement 3 501 404 353.7

Mean 507.00 425.33 387.23

SD 5.29 20.13 31.42

rel. SD 1.04 4.73 8.11

Recovery(%) 107.87 90.50 82.39



Spike high Amount spiked 3700 3700 3700

Measurement 1 3840 3480 3190

Measurement 2 4010 3140 3346

Measurement 3 4000 3180 3286

Mean 3950.00 3266.67 3274.00

SD 95.39 185.83 78.69

rel. SD 2.42 5.69 2.40

Recovery(%) 106.76 88.29 88.49



E F H I M
< LOD < LOD < LOD <10

< 10

455 596.00 500.00 689.80 800.00

501 700.00 572.00 719.60 802.00

479 672.00 564.00 695.60 801.00

478.33 656.00 545.33 701.67 801.00

23.01 53.81 39.46 15.80 1.00

4.81 8.20 7.24 2.25 0.12

563 912.59 740.00 898.00 1169.33

662 958.00 560.00 937.00 1129.33

662 866.00 714.00 935.40 1149.33

629 912.1975309 671.33 923.47 1149.33

57.16 46.00 97.29 22.07 20.00

9.09 5.04 14.49 2.39 1.74

3192 5066.00 5020.00 4709.20 4486.67

3313 5322.00 4440.00 4799.40 4526.67

3416 5088.00 4440.00 4202.80 4506.67

3307.00 5158.67 4633.33 4570.47 4506.67

112.12 141.88 334.86 321.59 20.00

3.39 2.75 7.23 7.04 0.44

8512 12654.00 11020.00 10847.00 13606.67

8755 13136.00 11120.00 10023.60 12806.67

8796 12678.00 11720.00 11049.60 13206.67

8687.67 12822.67 11286.67 10640.07 13206.67

153.51 271.62 378.59 543.40 400.00

1.77 2.12 3.35 5.11 3.03

470 470.00 470.00 470.00 470

126 336.00 160.00 459.40

126 342.00 580.00 468.00

153 324.00 380.00 604.40

135.00 334.00 373.33 510.60

15.59 9.17 210.08 81.35

11.55 2.74 56.27 15.93

28.72 71.06 79.43 108.64



3700 3700.00 3700.00 3700.00 3700

1553 2806.00 4800.00 3595.00

1349 2758.00 4740.00 2508.00

1645 2818.00 4540.00 2836.80

1515.67 2794.00 4693.33 2979.93

151.49 31.75 136.14 557.46

9.99 1.14 2.90 18.71

40.96 75.51 126.85 80.54
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Cotinin
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3-OH-Cotinine-gluc: Level 2
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3-OH-Cotinine-gluc: Level 3
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3-OH-Cotinine-gluc: Level 4
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3-OH-Cotinine-gluc: Level 5
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1st CORESTA Ring-trail on Nicotine metabolites

Trans-3-hyroxycotinine-O-glucuronide

ng/ml
Lab code

A C D
Level 1 Measurement 1 < LOD 9.58 < LOD

Measurement 2 15.33

Measurement 3 7.67

Level 2 Measurement 1 725 617.17 682.3

Measurement 2 618 542.42 513.7

Measurement 3 613 601.83 665.1

Mean 652.00 587.14 620.37

SD 63.27 39.48 92.78

rel. SD 9.70 6.72 14.95

Level 3 Measurement 1 939 900.83 873.2

Measurement 2 868 862.50 847.2

Measurement 3 894 862.50 877.83

Mean 900.33 875.28 866.08

SD 35.92 22.13 16.51

rel. SD 3.99 2.53 1.91

Level 4 Measurement 1 2790 2779.17 2416.9

Measurement 2 2940 2702.50 2399.7

Measurement 3 2760 2376.67 2358

Mean 2830.00 2619.44 2391.53

SD 96.44 213.72 30.29

rel. SD 3.41 8.16 1.27

Level 5 Measurement 1 4610 4331.67 4519.5

Measurement 2 4610 4408.33 3653.2

Measurement 3 4580 4868.33 5895.7

Mean 4600.00 4536.11 4689.47

SD 17.32 290.26 1130.87

rel. SD 0.38 6.40 24.12

No Spiked samples because 3-OH-Cot-gluc was not available as definded standard material



Trans-3-hyroxycotinine-O-glucuronide

E F H I M
8.1 < LOD < LOD < 10

3.5 < 10

5.2 < 10

214 525.17 843.33 651.67 660.29

113 649.75 651.67 548.93 506.96

137.4 299.00 728.33 433.17 583.63

154.80 491.31 741.11 544.59 583.63

52.70 177.81 96.47 109.31 76.67

34.04 36.19 13.02 20.07 13.14

341.4 973.67 745.58 722.20 805.00

284 994.75 651.67 820.33 709.17

265 839.50 686.17 568.48 757.08

296.80 935.97 694.47 703.67 757.08

39.78 84.21 47.51 126.94 47.92

13.40 9.00 6.84 18.04 6.33

1414 2623.92 1322.50 2430.53 2721.67

1223 3561.17 2319.17 3190.10 2606.67

1593 2714.00 1993.33 3149.85 2664.17

1410.00 2966.36 1878.33 2923.49 2664.17

185.03 517.08 508.19 427.40 57.50

13.12 17.43 27.06 14.62 2.16

1515 13012.25 4312.50 4734.36 5079.17

2219 11793.25 4063.33 3755.71 4887.50

2398 11178.00 5385.83 4945.00 4983.33

2044.00 11994.50 4587.22 4478.36 4983.33

466.79 933.54 702.75 634.63 95.83

22.84 7.78 15.32 14.17 1.92



LABOR Mean SD

A 74.5666667 1.75594229

B 76.3166667 1.2404166

C 90.7833333 2.72837559

F 90.8156667 1.50097646

H 93.345 4.84728408

J 92.585083 0.79647207

K 79.3985131 1.0037665

Urine sum Smoker 1

LABOR 

Variance 

Cochran

Location 

Grubbs

H C* -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 6.64769504 6.64769504

R 23.7447845 23.7447845

sr 2.3741768 2.3741768

sR 8.48028018 8.48028018

1: without outliteis (p<=0,01)

2: whole dataset

Urine sum Smoker 1
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100



LABOR Mean SD

A 45.6333333 0.47258156

B 43.1166667 2.24745041

C 49.7633333 2.52298104

F 50.625 2.86203791

H 52.1923333 2.27735402

J 52.6427074 1.33390551

K 49.0254048 0.8774032

Urine sum Smoker 2

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 5.55648519 5.55648519

R 10.746592 10.746592

sr 1.984459 1.984459

sR 3.83806858 3.83806858

1: without outliteis (p<=0,01)

2: whole dataset

Urine sum Smoker 2
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LABOR Mean SD

A 44 1.55241747

B 41.55 0.73

C 45.2866667 0.66905406

F 49.999 1.69619545

H 46.307 2.99751047

J 49.4635661 0.55481091

K 45.1483174 0.73386236

Urine sum Smoker 3

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 4.24628502 4.24628502

R 9.02322162 9.02322162

sr 1.51653037 1.51653037

sR 3.22257915 3.22257915

1: without outliteis (p<=0,01)

2: whole dataset

Urine sum Smoker 3
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LABOR Mean SD

A 17.6666667 0.65064071

B 17.1666667 0.57838857

C 18.6333333 0.54197171

F 20.4373333 0.25554908

H 21.0846667 0.81309921

J 20.0267262 1.00910875

K 19.0859528 0.9461092

Urine sum Smoker 4

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 2.03333072 2.03333072

R 4.3801247 4.3801247

sr 0.72618954 0.72618954

sR 1.56433025 1.56433025

1: without outliteis (p<=0,01)

2: whole dataset

Urine sum Smoker 4
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LABOR Mean SD

A 83.3333333 0.61101009

B 76.3533333 2.19627715

C 83.9466667 1.12081815

F 91.068 0.49938762

H 90.681 2.5720208

J 94.6282681 1.84142831

K 79.6941181 1.85424314

Urine sum Smoker 5

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 4.75021994 4.75021994

R 19.0232797 19.0232797

sr 1.69650712 1.69650712

sR 6.79402848 6.79402848

1: without outliteis (p<=0,01)

2: whole dataset

Urine sum Smoker 5
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LABOR Mean SD

A 22.7666667 1.18462371

B 21.75 0.42296572

C 23.01 0.38691084

F 24.5706667 0.5967364

H 25.887 0.38433319

J 24.7176561 0.47603508

K 23.8592557 0.19510046

Urine sum Spike 1000 ng/ml

LABOR 

Variance 

Cochran

Location 

Grubbs

A C* -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 1.67345835 1.67345835

R 4.14016255 4.14016255

sr 0.5976637 0.5976637

sR 1.47862948 1.47862948

1: without outliteis (p<=0,01)

2: whole dataset

Urine sum Spike 1000 ng/ml
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LABOR Mean SD

A 8.3 0.2

B 5.05666667 0.11015141

C 5.63666667 0.06027714

F 5.68 0.15969033

H 6.71733333 0.23469413

J 5.37062437 0.06024336

K 5.29203861 0.05065334

Urine sum Spike 250 ng/ml

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 0.39956139 0.39956139

R 3.21435985 3.21435985

sr 0.1427005 0.1427005

sR 1.14798566 1.14798566

1: without outliteis (p<=0,01)

2: whole dataset

Urine sum Spike 250 ng/ml
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Level MW r

Smoker 1 85.4015613 6.64769504

Smoker 2 48.9998255 5.55648519

Smoker 3 45.9649357 4.24628502

Smoker 4 19.1573351 2.03333072

Smoker 5 85.6721028 4.75021994

Spike 1000 ng/ml23.7944636 1.67345835

Spike 250 ng/ml6.00761852 0.39956139

Spike 250 ng/ml
Spike 1000 ng/ml
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R

23.7447845

10.746592

9.02322162

4.3801247

19.0232797

4.14016255

3.21435985

Smoker 5

Smoker 1

90

Smoker 5

Smoker 1

90



Labor Smoker 1 Smoker 2 Smoker 3 Smoker 4 Smoker 5
A -1.3124065 -0.96758316 -0.66043975 -1.0297477 -0.35162483

B -1.10043292 -1.69091301 -1.48391574 -1.37514568 -1.40104049

C 0.65188197 0.21944423 -0.22797481 -0.36197829 -0.25941256

F 0.65579844 0.46710087 1.35590002 0.8842176 0.81125202

H 0.96217091 0.91757729 0.11497213 1.33139285 0.75306808

J 0.87012387 1.04702191 1.1759339 0.60057184 1.34652438

K -0.72713578 0.00735188 -0.27447574 -0.04931063 -0.89876659
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Labor Smoker 1 Smoker 2 Smoker 3 Smoker 4 Smoker 5

A 0.73960048 0.23814126 1.02366395 0.89596541 0.36015769

B 0.5224618 1.1325255 0.4813619 0.7964705 1.2945876
C 1.14918804 1.2713697 0.44117419 0.74632266 0.66066222

F 0.63220922 1.44222577 1.11847114 0.35190411 0.29436223

H 2.04166939 1.14759439 1.97655816 1.11967905 1.51606838

J 0.33547294 0.6721759 0.36584227 1.38959417 1.08542327

K 0.42278507 0.44213723 0.48390878 1.30284058 1.09297693



Spike 1000 ng/mlSpike 250 ng/mlh-Max1% h-Max5% h-Min1% h-Min5%
-0.73635861 2.00723814 1.98 1.71 -1.98 -1.71

-1.46474302 -0.83266544 1.98 1.71 -1.98 -1.71

-0.56202398 -0.32481012 1.98 1.71 -1.98 -1.71

0.55610578 -0.28686691 1.98 1.71 -1.98 -1.71

1.49918448 0.62143524 1.98 1.71 -1.98 -1.71

0.66141543 -0.55776011 1.98 1.71 -1.98 -1.71

0.04641992 -0.6265708 1.98 1.71 -1.98 -1.71

Spike 1000 ng/ml

Spike 250 ng/ml

Spike 1000 ng/ml

Spike 250 ng/ml



Spike 1000 ng/mlSpike 250 ng/mlk-Max1% k-Max5%

1.98209079 1.40153681 1.94 1.66

0.7076985 0.7719063 1.94 1.66
0.64737217 0.42240314 1.94 1.66

0.99844847 1.11905935 1.94 1.66

0.64305928 1.64466229 1.94 1.66

0.79649322 0.42216645 1.94 1.66

0.32643853 0.35496261 1.94 1.66



Datenquelle -  Rang je Sample und Labor für die Mittelwerte

LABOR Smoker 1 Smoker 2 Smoker 3 Smoker 4 Smoker 5

A 7 6 6 6 5

B 6 7 7 7 7

C 4 4 4 5 4

F 3 3 1 2 2

H 1 2 3 1 3
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J 2 1 2 3 1

K 5 5 5 4 6



Datenquelle -  Rang je Sample und Labor für die Standardabweichungen

Spike 1000 ng/mlSpike 250 ng/mlMIN MAX LABOR Smoker 1

6 1 14 42 A 3

7 7 14 42 B 5

5 4 14 42 C 2

3 3 14 42 F 4

1 2 14 42 H 1

Spike 250 ng/ml

Spike 1000 ng/ml

Spike 250 ng/ml

Spike 1000 ng/ml



2 5 14 42 J 7

4 6 14 42 K 6



Datenquelle -  Rang je Sample und Labor für die Standardabweichungen

Smoker 2 Smoker 3 Smoker 4 Smoker 5 Spike 1000 ng/mlSpike 250 ng/ml

7 3 4 6 1 2

4 5 5 2 4 4

2 6 6 5 5 5

1 2 7 7 2 3

3 1 3 1 6 1



5 7 1 4 3 6

6 4 2 3 7 7



Fig. 1: Distribution of Nicotine Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot
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Fig. 2: Distribution of Cotinine Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot
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Fig. 3: Distribution of THC Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot
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x LC - MS/MS
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Fig. 4: Distribution of Nic-Gluc Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot
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Fig. 5: Distribution of Cot-Gluc Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot
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Fig. 6: Distribution of THC-Gluc Values for all Labs and for Levels 2, 3, 4, 5.
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Tab. 1:

Parameter N Mean Variance

Nicotine

Level 2 10 F, G, H G

Level 3 10 G _

Level 4 10 _ _

Level 5 10 G _

Low Dot 10 _ F, G, H

High Dot 10 _ _

Cotinine

Level 2 12 _ F

Level 3 12 _ _

Level 4 12 _ F

Level 5 12 _ F

Low Dot 12 K H

High Dot 12 K _

THC

Level 2 7 _ _

Level 3 7 _ _

Level 4 7 _ F

Level 5 7 _ F

Low Dot 7 F D

High Dot 7 _ _

Nic-Gluc

Level 2 7 _ _

Level 3 8 _ _

Level 4 8 _ _

Level 5 8 _ _

Low Dot 7 _ _

High Dot 7 _ F

Cot-Gluc

Level 2 8 _ _

Level 3 8 _ _

Level 4 8 _ _

Level 5 8 _ _

Low Dot 7 _ H, I

High Dot 7 _ _

THC-Gluc

Level 2 8 _ _

Level 3 8 _ _

Level 4 8 _ _

Level 5 8 F _

Outliers for Mean Level of Labs and for within Lab Variance (1% - Level).



Fig. 1*: Distribution of Nicotine Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot. Outliers removed
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Fig. 2*: Distribution of Cotinine Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot. Outliers removed

x GC

x LC - MS/MS

x HPLC

------ Total Mean

------ 100%

Cotinine/Level2

50

80

110

140

170

200

230

B D F H J K L A C I G E
Labor

C
o

ti
n

in
e
 (

n
g

/m
l)

Cotinine/Level3

0

100

200

300

400

500

600

700

800

B D F H J K L A C I G E

Labor

C
o

ti
n

in
e
 (

n
g

/m
l)

Cotinine/Level4

500

800

1100

1400

1700

2000

2300

B D F H J K L A C I G E
Labor

Cotinine/Level 5

1000

1300

1600

1900

2200

2500

2800

3100

B D F H J K L A C I G E

Labor

C
o

ti
n

in
e
 (

n
g

/m
l)

Cotinine/Low Dot

60

70

80

90

100

110

120

130

140

B D F H J K L A C I G E

Labor

C
o

ti
n

in
e
 (

%
)

Cotinine/High Dot

60

70

80

90

100

110

120

130

140

B D F H J K L A C I G E

Labor



Fig. 3*: Distribution of THC Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot. Outliers removed

x GC
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Fig. 4*: Distribution of Nic-Gluc Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot. Outliers removed
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Fig. 5*: Distribution of Cot-Gluc Values for all Labs and for Levels 2, 3, 4, 5 and Low and High Dot. Outliers removed
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Fig. 6*: Distribution of THC-Gluc Values for all Labs and for Levels 2, 3, 4, 5. Outliers removed
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Tab. 2: 

Parameter MIN* MW MW * MAX* S S* s s* sr sr* sR sR* S* / MW* s* / MW*

Nicotine

Level 2 (10) 40.00 69.24 46.87 58.10 49.92 3.46 4.96 2.64 7.50 3.18 50.29 4.32 0.07 0.06

Level 3 (10) 299.00 386.41 349.75 489.00 124.41 47.89 14.58 11.97 18.54 14.88 125.32 49.40 0.14 0.03

Level 4 (10) 1262.00 1602.92 1602.92 2615.00 334.27 334.27 64.99 64.99 90.18 90.18 342.28 342.28 0.21 0.04

Level 5 (10) 2142.00 2702.92 2582.10 3186.00 433.43 217.07 110.09 99.28 137.18 126.99 447.67 240.56 0.08 0.04

Low Dot (10) 78.94 98.16 87.83 95.55 18.95 6.23 5.18 1.61 8.08 1.96 20.07 6.43 0.07 0.02

High Dot (10) 84.74 99.49 99.49 138.83 15.38 15.38 3.23 3.23 3.76 3.76 15.69 15.69 0.15 0.03

Cotinine

Level 2 (12) 68.30 176.98 168.62 221.00 44.96 36.05 10.48 6.53 16.11 9.56 46.84 36.89 0.21 0.04

Level 3 (12) 180.40 426.61 426.61 694.00 106.55 106.55 17.60 17.60 21.65 21.65 108.01 108.01 0.25 0.04

Level 4 (12) 770.70 1740.18 1660.23 2067.66 422.72 334.93 49.83 32.48 80.50 42.47 427.80 336.72 0.20 0.02

Level 5 (12) 1188.60 2462.95 2358.16 2880.73 539.53 418.62 75.42 56.29 104.57 67.13 546.24 422.19 0.18 0.02

Low Dot (12) 71.51 92.67 97.21 122.64 24.49 14.11 3.44 2.49 5.07 2.94 24.84 14.31 0.15 0.03

High Dot (12) 84.06 94.95 100.57 120.83 21.38 9.26 2.57 2.68 2.88 2.98 21.51 9.58 0.09 0.03

THC

Level 2 (7) 606.00 916.82 916.82 1551.00 280.40 280.40 27.41 27.41 31.03 31.03 281.54 281.54 0.31 0.03

Level 3 (7) 842.00 1410.05 1410.05 2317.00 400.26 400.26 48.48 48.48 60.38 60.38 403.28 403.28 0.28 0.03

Level 4 (7) 2360.00 3729.79 3468.36 4180.00 838.88 519.98 197.23 106.60 304.52 129.10 874.95 530.55 0.15 0.03

Level 5 (7) 4890.00 6964.15 6510.17 7516.30 1447.26 884.48 237.17 165.44 306.11 187.22 1468.69 897.59 0.14 0.03

Low Dot (7) 72.22 119.17 100.65 111.96 45.59 12.45 8.71 3.14 16.50 4.02 47.54 12.88 0.12 0.03

High Dot (7) 64.33 101.01 101.01 164.03 25.89 25.89 4.07 4.07 5.19 5.19 26.24 26.24 0.26 0.04

1

Statistical Values over all Labs.                                                                                                        

*: having outliers removed.



Parameter MIN* MW MW * MAX* S S* s s* sr sr* sR sR* S* / MW* s* / MW*

Nic-Gluc

Level 2 (7) 27.12 87.73 87.73 205.30 54.45 54.45 13.44 13.44 16.15 16.15 56.02 56.02 0.62 0.15

Level 3 (8) 133.53 231.11 231.11 350.10 56.20 56.20 29.14 29.14 33.31 33.31 62.43 62.43 0.24 0.13

Level 4 (8) 711.47 1213.19 1213.19 1865.26 258.12 258.12 118.12 118.12 164.94 164.94 291.14 291.14 0.21 0.10

Level 5 (8) 2231.00 3508.50 3508.50 6161.20 1073.35 1073.35 216.67 216.67 264.29 264.29 1094.83 1094.83 0.31 0.06

Low Dot (7) 45.00 84.75 84.75 116.08 14.63 14.63 8.47 8.47 10.37 10.37 16.90 16.90 0.17 0.10

High Dot (7) 60.67 85.72 85.40 109.14 14.53 15.88 4.35 3.08 5.46 3.31 15.19 16.11 0.19 0.04

Cot-Gluc

Level 2 (8) 455.00 666.42 666.42 932.00 133.21 133.21 24.84 24.84 31.45 31.45 135.66 135.66 0.20 0.04

Level 3 (8) 560.00 907.74 907.74 1210.00 193.78 193.78 45.72 45.72 51.13 51.13 198.22 198.22 0.21 0.05

Level 4 (8) 3192.00 4496.05 4496.05 5322.00 580.75 580.75 143.42 143.42 181.87 181.87 599.44 599.44 0.13 0.03

Level 5 (8) 8512.00 11374.13 11374.13 13606.67 1426.27 1426.27 293.80 293.80 320.41 320.41 1450.07 1450.07 0.13 0.03

Low Dot (7) 26.81 81.23 76.11 108.72 27.12 29.69 11.34 3.47 18.43 3.98 31.01 29.87 0.39 0.05

High Dot (7) 36.46 85.58 85.58 129.73 27.20 27.20 3.52 3.52 3.91 3.91 27.38 27.38 0.32 0.04

THC-Gluc

Level 2 (8) 113.00 546.87 546.87 843.33 174.83 174.83 88.56 88.56 97.27 97.27 192.03 192.03 0.32 0.16

Level 3 (8) 265.00 753.71 753.71 994.75 205.95 205.95 52.61 52.61 62.64 62.64 212.21 212.21 0.27 0.07

Level 4 (8) 1223.00 2460.42 2460.42 3561.17 550.42 550.42 254.45 254.45 316.57 316.57 608.09 608.09 0.22 0.10

Level 5 (8) 1515.00 5239.12 4274.07 5895.70 2881.42 996.95 534.00 476.92 647.94 596.07 2929.58 1109.41 0.23 0.11

2

Min: minimum of all single measurements

MW: total mean

Max: maximum of all single measurements

S: standard deviation of lab means

s : mean intra lab standard deviation

sr: repeatability variance

sR: reproducibility variance
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NIC - GLUC
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R r R r

0.09 0.05 0.04 0.02

1.31 0.54 0.51 0.22

2.43 0.75 1.35 0.33Kohlenmonoxid

Data: VdC Monitoring 2002 ( N=21 labs )
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CORESTA Task Force „Nicotine Intake“ 

 

 

List of laboratories participatíng in the 2nd ring-trial (November 21, 2003) 

 

 

No Name / Address e-mail Analytes Volume (ml) Transportation 
1 Ehmoser, Horst 

Austria-Tabak AG 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

 Kein Speichel!   

2 Cahours, Xavier  Dr. 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

France 

xavier.cahours@altadis.com  Alle   

3 Lionetti, Giovanni Dr. 

ETI – ENTE Tabacchi Italiani S.P.A. 

Circonvallazione Ostiense 191 

00154 Roma 

ITALY 

giovanni.lionetti@entetabacchi.it Alle   

4 Ogden, Mike Dr. 

RJ Reynolds Tobacco Company 

95 West 32
nd

 Street 

Winston Salem, NC 27102 

USA 

ogdenm@rjrt.com 

 
Alle   

5 Scheper, Georg Dr. 

PHILIP MORRIS Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

schepers.georg@pmintl.ch 

 
Alle   



 
6 Bentley, Mark 

Covance Laboratories Ltd. 

Otley Road 

Harrogate 

N Yorks 

HG31Py 

UK 

mark.bentley@covance.com 
 

Alle   

 



Nicotine in urine (nmol/ml) MG = 162.2

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 6.500 7.770 8.260 8.080 9.579 7.736 8.548 9.402 9.643

Smoker 1 11 6.900 7.890 8.310 7.740 9.511 8.56 8.112 9.257 9.326

Smoker 1 16 5.700 8.010 8.460 9.100 9.050 8.441 8.079 9.637 9.552

Smoker 2 5 2.100 1.230 1.430 0.939 1.501 1.362 1.124 1.658 1.689

Smoker 2 17 1.700 1.240 1.340 1.550 1.416 1.421 1.388 1.654 1.636

Smoker 2 19 2.000 1.340 1.330 1.470 1.321 1.478 1.197 1.493 1.595

Smoker 3 3 6.200 6.470 6.850 6.280 7.685 5.99 6.675 7.948 7.777

Smoker 3 7 6.200 6.470 6.850 5.890 7.102 6.506 6.854 7.609 7.492

Smoker 3 15 5.000 6.230 6.590 7.390 7.075 6.851 6.484 8.108 7.857

Smoker 4 1 2.100 1.600 1.640 1.250 1.860 1.625 1.501 2.061 1.972

Smoker 4 12 2.000 1.560 1.640 1.460 1.861 1.774 1.517 1.980 1.887

Smoker 4 21 1.600 1.550 1.700 1.700 1.806 1.782 1.477 1.894 1.863

Smoker 5 6 9.900 9.740 9.980 8.680 10.857 9.949 10.765 11.099 10.998

Smoker 5 9 10.100 9.490 9.950 8.770 11.138 9.968 10.139 11.709 11.849

Smoker 5 14 11.300 9.740 9.810 7.090 11.300 11.297 10.381 10.323 11.846 11.346

Spike 1000 ng/ml 8 4.400 5.110 5.330 4.300 5.835 5.084 5.329 5.977 5.830

Spike 1000 ng/ml 13 4.200 4.880 5.030 5.770 5.832 5.337 5.233 5.657 5.657

Spike 1000 ng/ml 20 3.900 4.830 5.230 5.150 5.745 5.242 5.144 6.075 5.917

Set-point nmol/ml 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165

Spike 250 ng/ml 2 1.400 1.070 1.220 0.814 1.217 1.273 0.945 1.370 1.370

Spike 250 ng/ml 10 1.300 1.090 1.210 0.844 1.223 1.277 1.211 1.357 1.350

Spike 250 ng/ml 18 1.300 1.050 1.200 1.430 1.208 1.196 1.081 1.448 1.352

Set-point nmol/ml 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541



Nicotine in Urine: Spike 250 ng/ml (= 1.541 nmol/ml) 
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Nicotine in Urine: Spike 1000 ng/ml (= 6.165 nmol/ml) 
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Nicotine in Urine: Smoker 5
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Nicotine in Urine: Smoker 4
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Nicotine in Urine: Smoker 3
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Nicotine in Urine: Smoker 2
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Nicotine in Urine: Smoker 1
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Cotinine in urine (nmol/ml) MG = 176.2

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 10.100 8.060 6.470 3.030 9.260 8.146 7.755 9.235 8.246 8.220

Smoker 1 11 11.000 7.890 6.400 3.240 9.000 8.086 8.725 10.190 7.946 7.838

Smoker 1 16 9.700 7.950 6.470 2.860 9.170 7.929 8.618 9.198 7.998 8.014

Smoker 2 5 9.600 5.550 6.060 2.440 7.410 6.829 6.383 7.624 6.802 6.761

Smoker 2 17 8.800 5.960 5.580 2.370 6.900 6.545 6.699 7.660 6.779 6.923

Smoker 2 19 9.000 6.190 5.920 2.550 6.170 6.157 7.013 7.633 6.697 6.709

Smoker 3 3 11.000 7.890 7.750 3.440 7.970 8.454 7.396 8.695 8.544 8.394

Smoker 3 7 10.500 7.890 7.970 2.980 8.440 7.969 7.964 8.687 8.423 8.251

Smoker 3 15 10.000 7.720 7.890 3.120 7.960 8.036 8.501 8.648 8.404 8.823

Smoker 4 1 4.700 3.190 3.000 1.560 3.500 3.505 3.422 3.149 3.644 3.679

Smoker 4 12 4.700 2.980 3.190 1.600 3.810 3.391 3.612 3.448 3.421 3.325

Smoker 4 21 4.300 3.220 3.180 1.740 3.580 3.368 3.707 3.463 3.286 3.250

Smoker 5 6 17.400 12.320 12.640 5.200 13.900 13.313 13.426 14.746 13.702 13.497

Smoker 5 9 18.200 12.200 12.970 5.150 15.000 13.450 13.737 15.174 14.035 14.173

Smoker 5 14 17.800 12.770 12.870 4.840 9.800 14.153 14.08 14.720 13.885 13.559

Spike 1000 ng/ml 8 6.100 5.110 5.120 2.310 5.680 5.793 5.596 5.232 5.633 5.626

Spike 1000 ng/ml 13 6.000 5.040 5.100 2.380 6.620 5.775 5.771 5.604 5.564 5.348

Spike 1000 ng/ml 20 6.600 5.110 5.070 2.430 5.640 5.674 5.671 5.314 5.655 5.583

Set-point 1000 ng/ml 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675

Spike 250 ng/ml 2 2.100 1.070 1.100 0.827 1.150 1.257 1.33 0.888 1.159 1.152

Spike 250 ng/ml 10 2.000 1.090 1.130 0.889 1.340 1.268 1.332 1.008 1.145 1.156

Spike 250 ng/ml 18 2.100 1.020 1.160 0.876 1.700 1.194 1.255 1.069 1.168 1.160

Set-point 250 ng/ml 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419



Cotinine in Urine: Spike 250 ng/ml (= 1.419 nmol/ml)
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Cotinine in Urine: Spike 1000 ng/ml (= 5.675 nmol/ml)
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Cotinine in Urine: Smoker 5
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Cotinine in Urine: Smoker 4
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Cotinine in Urine: Smoker 3
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Cotinine in Urine: Smoker 2
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Cotinine in Urine: Smoker 1
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Trans-3'-Hydroxycotinine in urine (nmol/ml)MG = 192.2

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 29.000 32.880 39.920 12.900 30.100 36.040 35.968 38.597 35.657 34.010

Smoker 1 11 28.800 32.670 40.050 14.000 25.200 35.420 39.895 37.209 34.118 33.361

Smoker 1 16 30.200 31.890 37.800 12.100 25.600 34.870 38.897 36.008 34.633 33.364

Smoker 2 5 20.200 18.520 23.570 7.340 16.800 21.730 21.3 21.705 20.471 20.761

Smoker 2 17 20.100 18.520 21.980 6.830 13.300 20.487 22.412 21.593 20.879 20.702

Smoker 2 19 20.400 20.030 21.720 7.960 14.500 19.148 23.589 21.438 20.153 20.125

Smoker 3 3 17.000 16.860 18.960 6.520 17.600 18.741 17.406 17.889 18.216 18.444

Smoker 3 7 16.400 16.910 18.950 6.260 13.600 17.484 18.831 18.737 17.364 17.560

Smoker 3 15 15.900 17.010 18.500 6.450 11.800 17.605 19.937 19.088 17.893 17.968

Smoker 4 1 7.600 6.610 7.100 2.530 7.110 7.160 7.313 6.662 6.895 7.090

Smoker 4 12 7.000 6.350 7.190 2.470 5.270 6.923 7.912 7.370 6.693 6.829

Smoker 4 21 7.600 6.710 7.520 3.480 5.340 6.850 7.801 7.420 6.479 6.334

Smoker 5 6 25.500 26.900 31.040 11.700 22.800 28.297 33.496 31.558 27.461 28.462

Smoker 5 9 26.400 26.170 30.940 11.400 20.700 28.571 33.399 29.890 28.793 29.017

Smoker 5 14 24.900 26.590 31.460 11.400 16.300 29.806 35.406 31.357 27.959 28.332

Spike 1000 ng/ml 8 5.200 4.990 5.570 1.730 4.420 5.743 5.727 4.987 4.737 4.831

Spike 1000 ng/ml 13 6.600 4.750 5.420 1.830 3.570 5.706 5.779 5.299 4.515 4.736

Spike 1000 ng/ml 20 7.300 4.880 5.410 1.870 3.880 5.581 5.642 4.969 4.738 4.883

Set-point 1000 ng/ml 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203

Spike 250 ng/ml 2 3.800 1.210 1.410 0.236 1.250 1.440 1.491 1.032 1.008 1.058

Spike 250 ng/ml 10 3.700 1.230 1.390 0.278 1.240 1.436 1.522 0.975 1.070 1.057

Spike 250 ng/ml 18 3.900 1.160 1.410 0.241 1.130 1.377 1.403 1.044 1.057 1.029

Set-point 250 ng/ml 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301



trans-3'-Hydroxycotinine in Urine: 

Spike 250 ng/ml (= 1.301 nmol/ml)
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trans-3'-Hydroxycotinine in Urine: 

Spike 1000 ng/ml (= 5.203 nmol/ml)
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trans-3'-Hydroxycotinine in Urine: Smoker 5
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trans-3'-Hydroxycotinine in Urine: Smoker 4
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trans-3'-Hydroxycotinine in Urine: Smoker 3
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trans-3'-Hydroxycotinine in Urine: Smoker 2
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trans-3'-Hydroxycotinine in Urine: Smoker 1
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Nicotine-N-glucuronide in urine (nmol/ml) MG = 338.36

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 2.900 4.130 4.560 3.930 2.860 3.527 4.547 4.935 3.199

Smoker 1 11 3.200 3.390 4.560 4.010 3.370 3.319 4.943 4.892 3.705

Smoker 1 16 2.800 3.820 4.580 4.180 3.230 4.133 4.819 4.855 3.393

Smoker 2 5 1.300 1.720 2.770 0.500 2.680 1.923 2.491 2.475 1.819

Smoker 2 17 1.100 1.650 2.480 0.412 2.170 1.838 2.575 2.495 2.031

Smoker 2 19 1.100 1.700 2.490 0.307 1.920 1.879 2.668 2.443 2.074

Smoker 3 3 2.200 2.100 2.870 2.310 3.260 2.117 2.531 2.714 1.932

Smoker 3 7 1.600 2.030 3.030 2.950 2.890 2.318 2.718 2.714 2.111

Smoker 3 15 1.900 2.220 2.900 2.690 2.100 2.304 2.916 2.953 1.622

Smoker 4 1 <LOQ 0.500 0.770 1.720 0.471 0.543 0.865 0.487 0.615

Smoker 4 12 <LOQ 0.470 0.760 1.900 0.594 0.562 0.929 0.470 0.509

Smoker 4 21 <LOQ 0.620 0.730 1.890 0.944 0.583 0.927 0.400 0.544

Smoker 5 6 3.900 4.130 6.900 5.420 7.900 4.047 6.686 6.329 4.019

Smoker 5 9 3.200 4.010 6.790 5.020 5.220 4.485 6.599 6.599 3.805

Smoker 5 14 3.100 4.380 6.650 0.778 3.380 4.313 7.068 6.134 3.848

Spike 1000 ng/ml 8 2.000 2.720 2.720 2.920 1.400 2.159 3.423 3.318 2.807

Spike 1000 ng/ml 13 1.800 2.520 2.720 1.720 2.840 2.577 3.484 3.153 2.881

Spike 1000 ng/ml 20 2.100 2.750 2.760 1.760 2.200 2.402 3.39 3.304 2.644

Set-point 1000 ng/ml 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955

Spike 250 ng/ml 2 0.300 0.760 0.700 1.850 0.473 0.650 1.042 0.694 0.608

Spike 250 ng/ml 10 0.100 0.760 0.700 1.790 0.384 0.702 1.078 0.653 0.636

Spike 250 ng/ml 18 0.400 0.720 0.730 1.950 0.738 0.633 1.002 0.669 0.574

Set-point 250 ng/ml 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739



Nicotine-N-glucuronide in Urine: 

Spike 250 ng/ml (= 0.739 nmol/ml)
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Nicotine-N-glucuronide in Urine: 

Spike 1000 ng/ml (= 2.955 nmol/ml)
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Nicotine-N-glucuronide in Urine: Smoker 5
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Nicotine-N-glucuronide in Urine: Smoker 4
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Nicotine-N-glucuronide in Urine: Smoker 3
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Nicotine-N-glucuronide in Urine: Smoker 2
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Nicotine-N-glucuronide in Urine: Smoker 1
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Cotinine-N-glucuronide in urine (nmol/ml) MG = 352.34

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 19.000 16.910 24.390 2.480 15.900 25.034 22.191 22.564 18.436

Smoker 1 11 20.800 16.290 23.540 9.130 16.700 25.187 24.256 23.719 18.524

Smoker 1 16 19.700 17.030 21.450 2.820 17.300 23.682 24.389 24.192 19.647

Smoker 2 5 9.000 8.070 11.060 1.370 7.650 13.149 10.565 11.859 9.376

Smoker 2 17 8.900 7.830 9.900 1.460 8.560 10.668 11.216 11.658 10.128

Smoker 2 19 8.800 8.630 10.070 1.050 7.300 12.341 11.414 11.298 10.078

Smoker 3 3 6.700 5.730 6.240 0.366 5.880 10.177 7.04 8.233 5.991

Smoker 3 7 6.800 6.070 6.360 0.886 5.920 9.300 7.56 8.438 5.744

Smoker 3 15 7.000 5.560 6.040 0.776 5.160 9.364 7.895 7.844 5.753

Smoker 4 1 2.100 2.360 2.230 0.174 1.940 3.501 3.044 3.166 2.922

Smoker 4 12 2.300 2.320 2.410 0.066 2.150 3.818 3.283 2.962 2.797

Smoker 4 21 1.800 2.510 2.430 0.005 3.140 3.666 3.265 2.853 2.815

Smoker 5 6 16.300 13.170 13.950 1.350 12.000 20.363 16.918 18.022 12.021

Smoker 5 9 16.800 11.920 14.290 1.690 13.500 19.592 16.661 18.114 12.505

Smoker 5 14 17.000 13.170 15.460 1.220 8.910 18.849 17.7 18.338 13.059

Spike 1000 ng/ml 8 2.400 2.670 2.800 1.610 1.930 2.896 3.196 2.963 2.688

Spike 1000 ng/ml 13 3.200 2.400 2.640 0.003 2.970 3.361 3.273 2.761 2.702

Spike 1000 ng/ml 20 2.400 2.380 2.680 0.068 2.550 3.260 3.252 2.860 2.742

Set-point 1000 ng/ml 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838

Spike 250 ng/ml 2 0.500 0.560 0.640 0.016 0.431 0.639 1.002 0.573 0.619

Spike 250 ng/ml 10 0.700 0.540 0.640 0.004 0.520 0.776 1.003 0.643 0.679

Spike 250 ng/ml 18 0.400 0.600 0.670 0.016 0.777 0.760 0.943 0.607 0.666

Set-point 250 ng/ml 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710



Cotinine-N-glucuronide in Urine: 

Spike 250 ng/ml (= 0.710 nmol/ml)
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Cotinine-N-glucuronide in Urine: 

Spike 1000 ng/ml (= 2.838 nmol/ml)
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Nicotine-N-glucuronide in Urine: Smoker 5
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Cotinine-N-glucuronide in Urine: Smoker 4
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Cotinine-N-glucuronide in Urine: Smoker 3
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Cotinine-N-glucuronide in Urine: Smoker 2
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Cotinine-N-glucuronide in Urine: Smoker 1

0.000

5.000

10.000

15.000

20.000

25.000

30.000

A B C D E F G H I J K L

Labs

n
m

o
l/
m

l



Hydroxycotinine-O-glucuronide in urine (nmol/ml)MG = 368.3

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 5.400 7.390 9.320 0.443 9.450 9.601 12.164 5.144

Smoker 1 11 5.700 6.760 8.860 0.462 10.062 10.387 11.737 6.253

Smoker 1 16 6.300 8.220 8.950 1.410 9.422 10.307 11.803 6.570

Smoker 2 5 3.800 6.240 7.780 1.280 8.553 7.77 10.507 7.631

Smoker 2 17 4.500 7.180 6.860 1.670 7.060 7.96 9.521 8.296

Smoker 2 19 4.500 7.750 6.950 0.498 9.330 8.261 9.088 8.739

Smoker 3 3 2.400 2.500 2.860 0.027 4.782 2.839 4.394 3.258

Smoker 3 7 2.600 2.910 2.640 0.452 4.779 2.956 4.398 3.193

Smoker 3 15 2.600 2.080 2.610 0.172 4.705 3.084 4.192 3.274

Smoker 4 1 1.800 3.020 3.380 0.173 3.777 3.881 4.837 3.900

Smoker 4 12 1.700 2.860 3.390 0.088 4.171 3.965 4.384 3.196

Smoker 4 21 1.700 3.070 3.640 0.129 3.967 4.147 4.169 3.732

Smoker 5 6 9.800 10.350 8.650 0.362 14.755 8.855 15.939 8.583

Smoker 5 9 9.300 10.250 8.510 1.000 13.654 8.702 16.813 9.693

Smoker 5 14 9.100 11.760 8.980 0.045 12.264 9.012 17.110 10.317

Spike 1000 ng/ml 8 1.300 1.620 1.900 3.290 1.587 2.557 2.342 2.276

Spike 1000 ng/ml 13 1.600 1.810 1.780 0.049 1.949 2.675 2.519 2.345

Spike 1000 ng/ml 20 1.200 1.680 1.750 0.127 1.837 2.562 2.383 2.082

Set-point 1000 ng/ml 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715

Spike 250 ng/ml 2 0.400 0.440 0.560 0.061 0.356 0.688 0.509 0.450

Spike 250 ng/ml 10 0.300 0.420 0.510 0.036 0.456 0.666 0.498 0.472

Spike 250 ng/ml 18 0.200 0.380 0.530 0.090 0.448 0.649 0.485 0.489

Set-point 250 ng/ml 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679



Hydroxycotinine-O-glucuronide in Urine: 

Spike 250 ng/ml (= 0.689 nmol/ml)
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Hydroxycotinine-O-glucuronide in Urine: 

Spike 1000 ng/ml (= 2.715 nmol/ml)

0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

A B C D E F G H I J K L

Labs

n
m

o
l/
m

l



Hydroxycotinine-O-glucuronide in Urine: Smoker 5
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Hydroxycotinine-O-glucuronide in Urine: Smoker 4
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Hydroxycotinine-O-glucuronide in Urine: Smoker 3
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Hydroxycotinine-O-glucuronide in Urine: Smoker 2
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Hydroxycotinine-O-glucuronide in Urine: Smoker 1
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Nicotine in urine (nmol/ml) MG = 162.2

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 6.500 7.770 8.260 8.080 9.579 7.736 8.548 9.402 9.643

Smoker 1 11 6.900 7.890 8.310 7.740 9.511 8.56 8.112 9.257 9.326

Smoker 1 16 5.700 8.010 8.460 9.100 9.050 8.441 8.079 9.637 9.552

Smoker 2 5 2.100 1.230 1.430 0.939 1.501 1.362 1.124 1.658 1.689

Smoker 2 17 1.700 1.240 1.340 1.550 1.416 1.421 1.388 1.654 1.636

Smoker 2 19 2.000 1.340 1.330 1.470 1.321 1.478 1.197 1.493 1.595

Smoker 3 3 6.200 6.470 6.850 6.280 7.685 5.99 6.675 7.948 7.777

Smoker 3 7 6.200 6.470 6.850 5.890 7.102 6.506 6.854 7.609 7.492

Smoker 3 15 5.000 6.230 6.590 7.390 7.075 6.851 6.484 8.108 7.857

Smoker 4 1 2.100 1.600 1.640 1.250 1.860 1.625 1.501 2.061 1.972

Smoker 4 12 2.000 1.560 1.640 1.460 1.861 1.774 1.517 1.980 1.887

Smoker 4 21 1.600 1.550 1.700 1.700 1.806 1.782 1.477 1.894 1.863

Smoker 5 6 9.900 9.740 9.980 8.680 10.857 9.949 10.765 11.099 10.998

Smoker 5 9 10.100 9.490 9.950 8.770 11.138 9.968 10.139 11.709 11.849

Smoker 5 14 11.300 9.740 9.810 7.090 11.300 11.297 10.381 10.323 11.846 11.346

Spike 1000 ng/ml 8 4.400 5.110 5.330 4.300 5.835 5.084 5.329 5.977 5.830

Spike 1000 ng/ml 13 4.200 4.880 5.030 5.770 5.832 5.337 5.233 5.657 5.657

Spike 1000 ng/ml 20 3.900 4.830 5.230 5.150 5.745 5.242 5.144 6.075 5.917

Set-point nmol/ml 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165 6.165

Spike 250 ng/ml 2 1.400 1.070 1.220 0.814 1.217 1.273 0.945 1.370 1.370

Spike 250 ng/ml 10 1.300 1.090 1.210 0.844 1.223 1.277 1.211 1.357 1.350

Spike 250 ng/ml 18 1.300 1.050 1.200 1.430 1.208 1.196 1.081 1.448 1.352

Set-point nmol/ml 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541 1.541

Cotinine in urine (nmol/ml) MG = 176.2

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 10.100 8.060 6.470 3.030 9.260 8.146 7.755 9.235 8.246 8.220

Smoker 1 11 11.000 7.890 6.400 3.240 9.000 8.086 8.725 10.190 7.946 7.838

Smoker 1 16 9.700 7.950 6.470 2.860 9.170 7.929 8.618 9.198 7.998 8.014

Smoker 2 5 9.600 5.550 6.060 2.440 7.410 6.829 6.383 7.624 6.802 6.761

Smoker 2 17 8.800 5.960 5.580 2.370 6.900 6.545 6.699 7.660 6.779 6.923

Smoker 2 19 9.000 6.190 5.920 2.550 6.170 6.157 7.013 7.633 6.697 6.709

Smoker 3 3 11.000 7.890 7.750 3.440 7.970 8.454 7.396 8.695 8.544 8.394

Smoker 3 7 10.500 7.890 7.970 2.980 8.440 7.969 7.964 8.687 8.423 8.251

Smoker 3 15 10.000 7.720 7.890 3.120 7.960 8.036 8.501 8.648 8.404 8.823

Smoker 4 1 4.700 3.190 3.000 1.560 3.500 3.505 3.422 3.149 3.644 3.679

Smoker 4 12 4.700 2.980 3.190 1.600 3.810 3.391 3.612 3.448 3.421 3.325

Smoker 4 21 4.300 3.220 3.180 1.740 3.580 3.368 3.707 3.463 3.286 3.250

Smoker 5 6 17.400 12.320 12.640 5.200 13.900 13.313 13.426 14.746 13.702 13.497

Smoker 5 9 18.200 12.200 12.970 5.150 15.000 13.450 13.737 15.174 14.035 14.173

Smoker 5 14 17.800 12.770 12.870 4.840 9.800 14.153 14.08 14.720 13.885 13.559

Spike 1000 ng/ml 8 6.100 5.110 5.120 2.310 5.680 5.793 5.596 5.232 5.633 5.626

Spike 1000 ng/ml 13 6.000 5.040 5.100 2.380 6.620 5.775 5.771 5.604 5.564 5.348

Spike 1000 ng/ml 20 6.600 5.110 5.070 2.430 5.640 5.674 5.671 5.314 5.655 5.583

Set-point 1000 ng/ml 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675 5.675

Spike 250 ng/ml 2 2.100 1.070 1.100 0.827 1.150 1.257 1.33 0.888 1.159 1.152

Spike 250 ng/ml 10 2.000 1.090 1.130 0.889 1.340 1.268 1.332 1.008 1.145 1.156

Spike 250 ng/ml 18 2.100 1.020 1.160 0.876 1.700 1.194 1.255 1.069 1.168 1.160

Set-point 250 ng/ml 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419 1.419

Trans-3'-Hydroxycotinine in urine (nmol/ml) MG = 192.2



Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 29.000 32.880 39.920 12.900 30.100 36.040 35.968 38.597 35.657 34.010

Smoker 1 11 28.800 32.670 40.050 14.000 25.200 35.420 39.895 37.209 34.118 33.361

Smoker 1 16 30.200 31.890 37.800 12.100 25.600 34.870 38.897 36.008 34.633 33.364

Smoker 2 5 20.200 18.520 23.570 7.340 16.800 21.730 21.3 21.705 20.471 20.761

Smoker 2 17 20.100 18.520 21.980 6.830 13.300 20.487 22.412 21.593 20.879 20.702

Smoker 2 19 20.400 20.030 21.720 7.960 14.500 19.148 23.589 21.438 20.153 20.125

Smoker 3 3 17.000 16.860 18.960 6.520 17.600 18.741 17.406 17.889 18.216 18.444

Smoker 3 7 16.400 16.910 18.950 6.260 13.600 17.484 18.831 18.737 17.364 17.560

Smoker 3 15 15.900 17.010 18.500 6.450 11.800 17.605 19.937 19.088 17.893 17.968

Smoker 4 1 7.600 6.610 7.100 2.530 7.110 7.160 7.313 6.662 6.895 7.090

Smoker 4 12 7.000 6.350 7.190 2.470 5.270 6.923 7.912 7.370 6.693 6.829

Smoker 4 21 7.600 6.710 7.520 3.480 5.340 6.850 7.801 7.420 6.479 6.334

Smoker 5 6 25.500 26.900 31.040 11.700 22.800 28.297 33.496 31.558 27.461 28.462

Smoker 5 9 26.400 26.170 30.940 11.400 20.700 28.571 33.399 29.890 28.793 29.017

Smoker 5 14 24.900 26.590 31.460 11.400 16.300 29.806 35.406 31.357 27.959 28.332

Spike 1000 ng/ml 8 5.200 4.990 5.570 1.730 4.420 5.743 5.727 4.987 4.737 4.831

Spike 1000 ng/ml 13 6.600 4.750 5.420 1.830 3.570 5.706 5.779 5.299 4.515 4.736

Spike 1000 ng/ml 20 7.300 4.880 5.410 1.870 3.880 5.581 5.642 4.969 4.738 4.883

Set-point 1000 ng/ml 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203 5.203

Spike 250 ng/ml 2 3.800 1.210 1.410 0.236 1.250 1.440 1.491 1.032 1.008 1.058

Spike 250 ng/ml 10 3.700 1.230 1.390 0.278 1.240 1.436 1.522 0.975 1.070 1.057

Spike 250 ng/ml 18 3.900 1.160 1.410 0.241 1.130 1.377 1.403 1.044 1.057 1.029

Set-point 250 ng/ml 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301 1.301

Nicotine-N-glucuronide in urine (nmol/ml) MG = 338.36

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 2.900 4.130 4.560 3.930 2.860 3.527 4.547 4.935 3.199

Smoker 1 11 3.200 3.390 4.560 4.010 3.370 3.319 4.943 4.892 3.705

Smoker 1 16 2.800 3.820 4.580 4.180 3.230 4.133 4.819 4.855 3.393

Smoker 2 5 1.300 1.720 2.770 0.500 2.680 1.923 2.491 2.475 1.819

Smoker 2 17 1.100 1.650 2.480 0.412 2.170 1.838 2.575 2.495 2.031

Smoker 2 19 1.100 1.700 2.490 0.307 1.920 1.879 2.668 2.443 2.074

Smoker 3 3 2.200 2.100 2.870 2.310 3.260 2.117 2.531 2.714 1.932

Smoker 3 7 1.600 2.030 3.030 2.950 2.890 2.318 2.718 2.714 2.111

Smoker 3 15 1.900 2.220 2.900 2.690 2.100 2.304 2.916 2.953 1.622

Smoker 4 1 <LOQ 0.500 0.770 1.720 0.471 0.543 0.865 0.487 0.615

Smoker 4 12 <LOQ 0.470 0.760 1.900 0.594 0.562 0.929 0.470 0.509

Smoker 4 21 <LOQ 0.620 0.730 1.890 0.944 0.583 0.927 0.400 0.544

Smoker 5 6 3.900 4.130 6.900 5.420 7.900 4.047 6.686 6.329 4.019

Smoker 5 9 3.200 4.010 6.790 5.020 5.220 4.485 6.599 6.599 3.805

Smoker 5 14 3.100 4.380 6.650 0.778 3.380 4.313 7.068 6.134 3.848

Spike 1000 ng/ml 8 2.000 2.720 2.720 2.920 1.400 2.159 3.423 3.318 2.807

Spike 1000 ng/ml 13 1.800 2.520 2.720 1.720 2.840 2.577 3.484 3.153 2.881

Spike 1000 ng/ml 20 2.100 2.750 2.760 1.760 2.200 2.402 3.39 3.304 2.644

Set-point 1000 ng/ml 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955 2.955

Spike 250 ng/ml 2 0.300 0.760 0.700 1.850 0.473 0.650 1.042 0.694 0.608

Spike 250 ng/ml 10 0.100 0.760 0.700 1.790 0.384 0.702 1.078 0.653 0.636

Spike 250 ng/ml 18 0.400 0.720 0.730 1.950 0.738 0.633 1.002 0.669 0.574

Set-point 250 ng/ml 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739 0.739

Cotinine-N-glucuronide in urine (nmol/ml) MG = 352.34

Sample name Sample # A B C D E F G H I J K L



Smoker 1 4 19.000 16.910 24.390 2.480 15.900 25.034 22.191 22.564 18.436

Smoker 1 11 20.800 16.290 23.540 9.130 16.700 25.187 24.256 23.719 18.524

Smoker 1 16 19.700 17.030 21.450 2.820 17.300 23.682 24.389 24.192 19.647

Smoker 2 5 9.000 8.070 11.060 1.370 7.650 13.149 10.565 11.859 9.376

Smoker 2 17 8.900 7.830 9.900 1.460 8.560 10.668 11.216 11.658 10.128

Smoker 2 19 8.800 8.630 10.070 1.050 7.300 12.341 11.414 11.298 10.078

Smoker 3 3 6.700 5.730 6.240 0.366 5.880 10.177 7.04 8.233 5.991

Smoker 3 7 6.800 6.070 6.360 0.886 5.920 9.300 7.56 8.438 5.744

Smoker 3 15 7.000 5.560 6.040 0.776 5.160 9.364 7.895 7.844 5.753

Smoker 4 1 2.100 2.360 2.230 0.174 1.940 3.501 3.044 3.166 2.922

Smoker 4 12 2.300 2.320 2.410 0.066 2.150 3.818 3.283 2.962 2.797

Smoker 4 21 1.800 2.510 2.430 0.005 3.140 3.666 3.265 2.853 2.815

Smoker 5 6 16.300 13.170 13.950 1.350 12.000 20.363 16.918 18.022 12.021

Smoker 5 9 16.800 11.920 14.290 1.690 13.500 19.592 16.661 18.114 12.505

Smoker 5 14 17.000 13.170 15.460 1.220 8.910 18.849 17.7 18.338 13.059

Spike 1000 ng/ml 8 2.400 2.670 2.800 1.610 1.930 2.896 3.196 2.963 2.688

Spike 1000 ng/ml 13 3.200 2.400 2.640 0.003 2.970 3.361 3.273 2.761 2.702

Spike 1000 ng/ml 20 2.400 2.380 2.680 0.068 2.550 3.260 3.252 2.860 2.742

Set-point 1000 ng/ml 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838 2.838

Spike 250 ng/ml 2 0.500 0.560 0.640 0.016 0.431 0.639 1.002 0.573 0.619

Spike 250 ng/ml 10 0.700 0.540 0.640 0.004 0.520 0.776 1.003 0.643 0.679

Spike 250 ng/ml 18 0.400 0.600 0.670 0.016 0.777 0.760 0.943 0.607 0.666

Set-point 250 ng/ml 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710 0.710

Hydroxycotinine-O-glucuronide in urine (nmol/ml)MG = 368.3

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 5.400 7.390 9.320 0.443 9.450 9.601 12.164 5.144

Smoker 1 11 5.700 6.760 8.860 0.462 10.062 10.387 11.737 6.253

Smoker 1 16 6.300 8.220 8.950 1.410 9.422 10.307 11.803 6.570

Smoker 2 5 3.800 6.240 7.780 1.280 8.553 7.77 10.507 7.631

Smoker 2 17 4.500 7.180 6.860 1.670 7.060 7.96 9.521 8.296

Smoker 2 19 4.500 7.750 6.950 0.498 9.330 8.261 9.088 8.739

Smoker 3 3 2.400 2.500 2.860 0.027 4.782 2.839 4.394 3.258

Smoker 3 7 2.600 2.910 2.640 0.452 4.779 2.956 4.398 3.193

Smoker 3 15 2.600 2.080 2.610 0.172 4.705 3.084 4.192 3.274

Smoker 4 1 1.800 3.020 3.380 0.173 3.777 3.881 4.837 3.900

Smoker 4 12 1.700 2.860 3.390 0.088 4.171 3.965 4.384 3.196

Smoker 4 21 1.700 3.070 3.640 0.129 3.967 4.147 4.169 3.732

Smoker 5 6 9.800 10.350 8.650 0.362 14.755 8.855 15.939 8.583

Smoker 5 9 9.300 10.250 8.510 1.000 13.654 8.702 16.813 9.693

Smoker 5 14 9.100 11.760 8.980 0.045 12.264 9.012 17.110 10.317

Spike 1000 ng/ml 8 1.300 1.620 1.900 3.290 1.587 2.557 2.342 2.276

Spike 1000 ng/ml 13 1.600 1.810 1.780 0.049 1.949 2.675 2.519 2.345

Spike 1000 ng/ml 20 1.200 1.680 1.750 0.127 1.837 2.562 2.383 2.082

Set-point 1000 ng/ml 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715

Spike 250 ng/ml 2 0.400 0.440 0.560 0.061 0.356 0.688 0.509 0.450

Spike 250 ng/ml 10 0.300 0.420 0.510 0.036 0.456 0.666 0.498 0.472

Spike 250 ng/ml 18 0.200 0.380 0.530 0.090 0.448 0.649 0.485 0.489

Set-point 250 ng/ml 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679

Sum of 6 urinary analytes (nmol/ml)

Sample name Sample # A B C D E F G H I J K L

Smoker 1 4 72.900 77.140 92.920 91.776 87.798 92.967 78.651

Smoker 1 11 76.400 74.890 91.720 91.585 96.766 91.670 79.005



Smoker 1 16 74.400 76.920 87.710 89.086 95.471 93.119 80.539

Smoker 2 5 46.000 41.330 52.670 53.685 49.871 53.771 48.038

Smoker 2 17 45.100 42.380 48.140 48.014 52.283 52.987 49.717

Smoker 2 19 45.800 45.640 48.480 50.176 54.423 51.170 49.321

Smoker 3 3 45.500 41.550 45.530 51.956 43.202 50.049 45.797

Smoker 3 7 44.100 42.280 45.800 48.952 46.535 48.946 44.352

Smoker 3 15 42.400 40.820 44.530 49.089 49.184 49.395 45.296

Smoker 4 1 18.300 17.280 18.120 20.346 20.150 21.089 20.178

Smoker 4 12 17.700 16.540 18.580 20.726 21.475 19.909 18.542

Smoker 4 21 17.000 17.680 19.200 20.240 21.629 19.081 18.537

Smoker 5 6 82.800 76.610 83.160 91.632 89.330 92.552 77.579

Smoker 5 9 84.000 74.040 83.450 90.890 89.066 96.062 81.042

Smoker 5 14 83.200 78.410 85.230 90.682 93.647 95.271 80.461

Spike 1000 ng/ml 8 21.400 22.220 23.440 24.013 25.583 24.970 24.058

Spike 1000 ng/ml 13 23.400 21.400 22.690 25.200 26.319 24.169 23.668

Spike 1000 ng/ml 20 23.500 21.630 22.900 24.499 25.759 25.014 23.851

Set-point nmol/ml 25.552 25.552 25.552 25.552 25.552 25.552 25.552 25.552 25.552 25.552 25.552 25.552

Spike 250 ng/ml 2 8.500 5.110 5.630 5.559 6.826 5.313 5.257

Spike 250 ng/ml 10 8.100 5.130 5.580 5.861 6.878 5.365 5.350

Spike 250 ng/ml 18 8.300 4.930 5.700 5.620 6.448 5.433 5.270

Set-point nmol/ml 6.388 6.388 6.388 6.388 6.388 6.388 6.388 6.388 6.388 6.388 6.388 6.388
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Analysis of Ring Trial 2 

 

General: The enclosed appendix contains for each measured parameter the main statistical 

results in one Excel data set. In each of these data sets the different sample results (smoker 

1, smoker 2, ..., spike 1, spike 2) are gathered in the relevant spreadsheet with the following 

information: (labs are coded A, B, ...) 

 

S scatterplot (mean versus within lab standard deviation of each lab) 

S table with the same measures as given in the scatterplot 

S outlier analysis (ISO 5725): 

 Cochran test for comparison of within lab-variation 

 Grubbs test for location comparison of labs 

S information concerning the relevant variability (ISO 5725) 

r, sr, are describing the within-lab-variation; r is the value less than or equal to which 

the absolute difference between two test results obtained in one lab may be expected 

to be with a probability of 95% ; sr is the standard deviation of r 

R, sR, are describing the between-lab-variation; R is the value less than or equal to 

which the absolute difference between two test results obtained from different labs 

may be expected to be with a probability of 95%; sR is the standard deviation of R 

S graphical consistency plots are used, to compare the labs over a number of specific 

levels (smoker 1,.....) : Mandels h statistic demonstrates the between laboratory 

consistency, Mandels k is a statistic analyzing the within lab consistency 

S adding up the evidence of the h- and k-statistics for each lab a summary rank statistic 

is calculated :  Over the different samples the rank of the lab within all labs is 

summarized for the mean location (“Mittelwert”) or the within-lab-variation 

(“Standardabweichung”).       

 

Analysis of single parameters : 

 

Cotinine in Saliva 

S homogeneous measurements concerning location as well as variation 

S range: 40-50% of overall mean 

S spike: clear overall underestimation 

S r: clear dependency of measurement level (approx. 10% of level) 

S R: clear dependency of measurement level (approx: 50% of level) 

S Over all 5 samples the labs show a clear structure concerning the “lab-level” in 

comparison to the other labs (h-statistic) in contrast to the k-statistic. These values 

are variable from sample to sample within most labs. 



There seems general a too high variability in the data set, while r is acceptable, R is too 

high. 

 

 

Sum of urine metabolites 

S homogeneous measurements concerning location as well as variation 

S range: 20-30% of overall mean; a clearly smaller variation compared to saliva 

S spike: underestimation of up to 10% 

S r: no clear dependency of level (approx 10% of level) 

S R: linear dependency of level (approx 20% of level) 

S Due to location of measurements the labs are stable over the different levels (h-

statistics). 

 In comparison to the saliva data set  there is a definitely smaller variability. It should be 

discussed if this is satisfying. 

 

 

Nicotine in Urine 

S rather broad spectrum of intra -lab variability 

S range : 20-50% of overall mean 

S spike : underestimation between 5% and 30% in both levels 

S r : no clear dependency of level (approx 15% of level) 

S R : linear dependency of level (approx 25% of level) 

S With the exception of lab A a rather consistent location of the different labs can be 

seen (h-statistics). Lab A and E differ in most samples from the other labs concerning 

their internal variation (k-statistics). 

There seems to be no problem for all labs measuring the levels of the samples, while 2 labs 

(A,E) have high internal variation compared to the other labs. 

 

 

Cotinine in Urine  

S inhomogeneous overall data structure, but mostly due to the same 2 or 3 labs; 

therefore a higher number of outliers  

S range : 50% of overall mean, clearly inflated by 2 or 3 labs 

S spike : labs scatter around the spike-concentrations 

S r : around 10% of level, not linear 

S R : from 20% to 70% of level, variable 

S h-statistics : lab A and D differ clearly in overall location from the other labs 

 k-statistics : variable from sample to sample 



A subset of 6-7 labs show rather consistent and homogeneous results. 

 

 

Trans-3'-Hydroxycotinine in Urine 

S with the exception of 2 labs the remaining labs are homogeneous 

S range : 20% - 50% of level  

S spike : labs scatter around the spike-concentrations 

S r : around 10% of level with clear linear trend 

 R : indifferent dependency to level with samples having R=70% of level 

S h-statistics : with the exception of outlying labs homogenous results.  

A subset of labs is homogeneous in location and internal variation but with rather high R 

values. 

 

 

Nicotine-N-glucuronide in Urine 

S homogeneous measurements 

S range : 50% to over 100% of overall mean 

S spike : high level - up to 30 % over and underestimation 

  low level - more labs with underestimation 

S r : only the sample with the highest concentration (smoker 5) has r > 1 

S R : around the level of the samples 

S some labs with high inconsistency over the samples in the h-statistic (location), 

 lab E and partly lab D have very high k-statistics. 

In general a higher between lab variation for this parameter in comparision to the aglycon 

parameters.  

 

 

Cotinine-N-glucuronide in Urine 

S with the exception of one lab general homogeneous distributions 

S range : without lab D the range is between 40% to 70% of the overall mean 

S spike : without lab D the measurements are scattered around the spike values 

(approx within +/- 20%)  

S r : linear dependent from level (apprx 10% of level) 

R : the high R-values (approx 100% of level) are inflated by lab D and are reduced up 

to 50% without lab D 

S overall Lab D is clearly an outlier, while the other labs are consistent (h-statistics), 

half of the labs have in some samples higher internal variations than other labs (k-

statistics). 



More outlying measurements than for Nicotine-N-glucuronide in Urine.     

 

 

Hydroxycotinine-O-glucuronide 

S homogeneous measurements 

S range : 100% and more of overall mean 

S spike : underestimation of nearly all labs, up to 50% 

S r : linear relationship with level of measurements (approx 20% of level) 

 R : linear relationship with level of measurements (approx 100% of level) 

S h-statistics: homogeneous for all labs over the sample range 

k-statistics: most labs are differing in the relative size of their internal variation from 

sample to sample. 

Lab D has a clear trend to measure the lowest values; for this parameter the distribution of 

the  measurements is for each sample rather wide. 

 

 

Summary 

S this analysis performs statistical testing and evaluating “effects” for each parameter 

separately ; a more rigorous outlier testing - f.e. combining the p-values over different 

samples and different parameters - would indicate, that some labs are consistently 

lying apart from a homogeneous subset of labs 

S summarizing the 6 urine metabolites results in a more stringent parameter than 

looking at the single parameters itself ; this is partly due to the situation that not all 

labs had determined all the six parameters  

S concerning variability in general, it is an important result of this ring (or proficiency) 

trial that the sum of the urine metabolites seems to be better than measuring cotinine 

in saliva ; this is important in planning the international CORESTA study: 

S the expected effect sizes in comparing different groups of smokers are to 

small to be compared over different countries when cotinine in saliva is used 

as exposure measure  

S standardizing the methods is to be strongly recommended if it is not possible 

to use for measurements one central lab;  or at least a comparison of a 

subset of samples with one or more other participating labs in the study is at 

least necessary.        
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CORESTA Task Force „Nicotine Uptake“ 

 

 

List of laboratories participating in 

1. 3
rd

 Ring Trial on nicotine + 5 major metabolites in urine  

2. 2
nd

 Proficiency Test on cotinine in saliva 

 

No Name / Address e-mail 1. Nicotine metabolites in urine 2. Cotinine in saliva 

1 Ehmoser, Horst 

Austria-Tabak AG 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

HorstEhmoser@AustriaTabak.com 

 
Method:  

LC-MS/MS (ESI), indirect 

Volume: 3 ml 

Method:  

LC-MS/MS (ESI) 

Volume: 1 ml 

2 Cahours, Xavier  Dr. 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

France 

xavier.cahours@altadis.com Method:  

LLE-GC/NPD, indirect 

Volume: 5 ml 

Method:  

LC-MS 

Volume: 0.5 ml 

3 Lionetti, Giovanni Dr. 

ETI – ENTE Tabacchi Italiani S.P.A. 

Circonvallazione Ostiense 191 

00154 Roma 

ITALY 

giovanni.lionetti@bat.com 
 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

GC-MS/MS 

Volume: 1 ml 

4 Ogden, Mike Dr. 

RJ Reynolds Tobacco Company 

95 West 32
nd

 Street 

Winston Salem, NC 27102 

USA 

ogdenm@rjrt.com 

 
Method:  

LC-MS/MS, indirect 

Volume: 2 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

5 Wenzel, Elisabeth 

PHILIP MORRIS Research Lab. 

GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

elisabeth.wenzel@pmintl.com 

 

 

Method:  

HPLC-UV, after deriv., indirect 

Volume: 5 ml 

Method:  

HPLC-UV, after deriv. 

Volume: 1 ml 



 
7 Hyung-Ok Sohn 

KT&G Central Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

Korea 

hosohn@tktng.com 
 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

8 Bentley, Mark 

MDS Pharma Services Switzerland AG 

Zurich 

Switzerland 

Mark.Bentley@mdsps.com 
 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

9 Phillips, Keith / Bakes, David 

Manager of Bioanalytical Method 

Development 

Covance Laboratories Ltd. 

Otley Road 

Harrogate 

N. Yorks, HG3 1PY 

UK 

Keith.Phillips@covance.com 
 
David.Bakes@covance.com 
 

Method:  

LC-MS/MS, indirect 

Volume: 2 ml 

Method:  

LC-MS/MS 

Volume: 0.5 ml 

10 Sharifi, Mehran 

Labstat International Inc. 

262 Manitou Dr 

Kitchener 

ON CANADA 

N2C 1L3 

msharifi@labstat.com 
 

Method:  

LC-MS/MS, direct 

Volume: 3 ml 

- 

11 Newland, Kirk 

MDS Pharma Services, Inc. 

 

 

 

 

USA 

Kirk.Newland@mdsinc.com 
 

Method:  
 

Method: 



 
12 Reference Laboratory 

Scherer, Gerhard 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

gerhard.scherer@abf-lab.com 
 

Method 1:  

LC-MS/MS, direct 

Volume: 3 ml 

 

Method 2 : 

GC-MS, indirect 

Volume: 5 ml 

Method 1:  

LC-MS/MS 

Volume: 0.5 ml 

 

Method 2 : 

GC-MS 

Volume: 1 ml 

 



Nicotine in Urine: Reference Sample 1

                                    Reference Sample 2
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Nicotine in Urine: Heavy Smoker 1
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Nicotine in Urine: Heavy Smoker 2
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Nicotine in Urine: Medium Smoker 2
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Nicotine in Urine: Light Smoker
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Nicotine in Urine: Medium Smoker 1
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Nicotine in urine: All samples by lab
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Nicotine in urine (nmol/ml): CORESTA Ring Trial 3 MG = 162.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G (corrected) H I J K

1 Reference Sample 1 R1 16.97 17.10 17.07 10.90 9.62 13.29 11.98 14.8 14.18 9.56 10.98 11.23 11.00 12.82

2 Reference Sample 2 R2 10.89 10.74 10.86 5.22 4.95 6.25 5.48 5.5 6.64 4.44 5.59 5.80 5.41 5.83

3 Heavy Smoker 1 9 34.27 34.34 29.35 15.23 19.23 18.63 33.30 5.66 20.86 34.70 24.87 27.48 34.65

4 Heavy Smoker 1 2 33.93 34.39 25.60 13.69 11.59 10.44 19.70 12.63 20.06 31.10 18.83 24.55 28.85

5 Heavy Smoker 2 6 31.19 31.01 8.80 7.89 6.99 6.39 8.00 13.23 4.77 7.93 7.16 6.88 9.68

6 Heavy Smoker 2 10 31.15 30.92 12.20 10.60 13.02 11.85 32.00 7.49 10.05 11.77 16.88 18.23 12.33

7 Medium Smoker 1 1 15.60 16.69 14.10 13.87 15.66 14.61 20.20 25.39 16.35 15.09 14.65 14.99 26.02

8 Medium Smoker 1 5 17.74 16.83 14.10 14.55 15.99 14.47 18.70 20.30 13.53 16.77 14.20 14.47 21.70

9 Medium Smoker 2 7 12.46 12.71 9.83 5.49 9.47 8.40 12.60 3.42 7.97 7.93 10.55 13.11 8.88

10 Medium Smoker 2 4 12.92 12.97 4.11 3.72 4.34 3.94 4.60 3.84 3.85 3.93 4.59 5.82 4.52

11 Light Smoker 3 4.95 5.09 2.56 1.83 3.24 3.00 3.20 2.11 2.47 2.24 2.13 2.69 2.90

12 Light Smoker 8 4.84 4.89 3.93 3.97 4.69 4.25 5.60 1.94 3.07 4.43 4.24 4.25 5.12

Data Entry ng/ml

1 Reference Sample 1 R1 2774 2769.2 1560 15510 1785

2 Reference Sample 2 R2 1742 1761.4 803 7194 877

3 Heavy Smoker 1 9 5559 5570.1 2470

4 Heavy Smoker 1 2 5503 5577.4 2220

5 Heavy Smoker 2 6 5059 5030.5 1280

6 Heavy Smoker 2 10 5052 5015.4 1720

7 Medium Smoker 1 1 2531 2707 2250

8 Medium Smoker 1 5 2878 2730 2360

9 Medium Smoker 2 7 2021 2061.3 890

10 Medium Smoker 2 4 2096 2103.6 604

11 Light Smoker 3 803 825.9 297

12 Light Smoker 8 785 793.2 644

Data Entry nmol/ml

1 Reference Sample 1 R1 16.97 17.10 17.07 10.9 9.62 13.29 11.98 14.8 14.18 95.62 11.0 11.23 11.00 12.8

2 Reference Sample 2 R2 10.89 10.74 10.86 5.22 4.95 6.25 5.48 5.5 6.64 44.35 5.6 5.80 5.41 5.83

3 Heavy Smoker 1 9 34.27 34.34 29.4 15.23 19.23 18.63 33.3 5.66 208.552 34.7 24.87 27.48 34.6

4 Heavy Smoker 1 2 33.93 34.39 25.6 13.69 11.59 10.44 19.7 12.63 200.641 31.1 18.83 24.55 28.9

5 Heavy Smoker 2 6 31.19 31.01 8.80 7.89 6.99 6.39 8 13.23 47.659 7.9 7.16 6.88 9.68

6 Heavy Smoker 2 10 31.15 30.92 12.2 10.60 13.02 11.85 32 7.49 100.475 11.8 16.88 18.23 12.3

7 Medium Smoker 1 1 15.60 16.69 14.1 13.87 15.66 14.61 20.2 25.39 163.502 15.1 14.65 14.99 26.0

8 Medium Smoker 1 5 17.74 16.83 14.1 14.55 15.99 14.47 18.7 20.30 135.302 16.8 14.20 14.47 21.70

9 Medium Smoker 2 7 12.46 12.71 9.83 5.49 9.47 8.40 12.6 3.42 79.722 7.9 10.55 13.11 8.88

10 Medium Smoker 2 4 12.92 12.97 4.11 3.72 4.34 3.94 4.6 3.84 38.505 3.9 4.59 5.82 4.52

11 Light Smoker 3 4.95 5.09 2.56 1.83 3.24 3.00 3.2 2.11 24.656 2.2 2.13 2.69 2.90

12 Light Smoker 8 4.84 4.89 3.93 3.97 4.69 4.25 5.6 1.94 30.718 4.4 4.24 4.25 5.12



Cotinine in Urine: Reference Sample 1
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Cotinine in Urine: Heavy Smoker 1
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Cotinine in Urine: Heavy Smoker 2

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

A
 (r

ep
or

te
d)

A
 (d

ire
ct

)

A
 (i

nd
ire

ct
) B C

D
 (d

ire
ct

)

D
 (i

nd
ire

ct
) E F G H I J K

Labs

n
m

o
l/

m
l



Cotinine in Urine: Medium Smoker 2
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Cotinine in Urine: Light Smoker
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Cotinine in Urine: Medium Smoker 1
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Cotinine in urine: All samples by lab
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Cotinine in urine (nmol/ml): CORESTA Ring Trial 3 MG = 176.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 10.76 11.74 12.51 6.99 6.41 13.29 11.98 10.2 6.89 4.68 10.01 8.17 7.38 5.96

2 Reference Sample 2 R2 9.14 9.55 9.94 5.01 4.46 6.25 5.48 5.1 4.77 1.72 8.77 5.73 5.00 3.76

3 Heavy Smoker 1 9 16.29 16.89 13.45 7.26 9.77 8.82 14.90 6.26 9.49 21.37 11.45 13.28 12.88

4 Heavy Smoker 1 2 15.74 16.87 11.83 6.64 5.81 5.23 9.40 6.25 10.19 17.13 9.57 11.63 6.64

5 Heavy Smoker 2 6 14.81 15.91 4.39 4.39 3.62 3.23 4.00 6.27 2.94 9.13 3.60 3.51 3.16

6 Heavy Smoker 2 10 15.14 16.35 6.03 5.52 6.50 5.88 12.90 7.45 5.93 11.47 8.85 9.82 4.89

7 Medium Smoker 1 1 11.28 12.51 9.79 10.22 11.01 9.68 12.90 10.95 16.07 12.27 10.88 11.07 9.02

8 Medium Smoker 1 5 11.63 12.52 9.78 10.50 11.20 9.75 13.30 10.91 9.39 13.63 11.37 10.50 9.14

9 Medium Smoker 2 7 9.96 11.15 7.98 4.76 7.84 7.03 11.60 5.17 4.82 13.08 8.73 10.93 5.11

10 Medium Smoker 2 4 10.63 10.92 3.45 3.23 3.78 3.36 4.20 3.19 2.58 8.28 4.22 4.86 2.58

11 Light Smoker 3 8.54 8.59 4.68 3.45 5.94 5.32 5.50 4.19 1.10 8.72 4.06 4.80 3.24

12 Light Smoker 8 8.48 8.57 7.03 6.70 8.00 7.45 8.40 7.49 1.01 11.57 7.71 7.86 6.13

Data Entry ng/ml

1 Reference Sample 1 R1 2069 2203.5 1130 1943.3 1300

2 Reference Sample 2 R2 1683 1751.3 786 1210 881

3 Heavy Smoker 1 9 2871 2975.9 1280

4 Heavy Smoker 1 2 2774 2972 1170

5 Heavy Smoker 2 6 2610 2803.4 773

6 Heavy Smoker 2 10 2667 2880.4 972

7 Medium Smoker 1 1 1988 2204.4 1800

8 Medium Smoker 1 5 2049 2205.3 1850

9 Medium Smoker 2 7 1755 1965 839

10 Medium Smoker 2 4 1873 1924.3 570

11 Light Smoker 3 1504 1513.5 608

12 Light Smoker 8 1495 1509.2 1180

Data Entry nmol/ml

1 Reference Sample 1 R1 10.76 11.74 12.51 6.99 6.41 13.29 11.98 10.2 6.89 4.68 10.01 8.17 7.38 5.96

2 Reference Sample 2 R2 9.14 9.55 9.94 5.01 4.46 6.25 5.48 5.1 4.77 1.72 8.77 5.73 5.00 3.76

3 Heavy Smoker 1 9 16.29 16.89 13.5 7.26 9.77 8.82 14.9 6.26 9.487 21.37 11.45 13.28 12.9

4 Heavy Smoker 1 2 15.74 16.87 11.8 6.64 5.81 5.23 9.4 6.25 10.186 17.13 9.57 11.63 6.64

5 Heavy Smoker 2 6 14.81 15.91 4.39 4.39 3.62 3.23 4 6.27 2.945 9.13 3.60 3.51 3.16

6 Heavy Smoker 2 10 15.14 16.35 6.03 5.52 6.50 5.88 12.9 7.45 5.926 11.47 8.85 9.82 4.89

7 Medium Smoker 1 1 11.28 12.51 9.79 10.22 11.01 9.68 12.9 10.95 16.068 12.27 10.88 11.07 9.02

8 Medium Smoker 1 5 11.63 12.52 9.78 10.50 11.20 9.75 13.3 10.91 9.388 13.63 11.37 10.50 9.14

9 Medium Smoker 2 7 9.96 11.15 7.98 4.76 7.84 7.03 11.6 5.17 4.817 13.08 8.73 10.93 5.11

10 Medium Smoker 2 4 10.63 10.92 3.45 3.23 3.78 3.36 4.2 3.19 2.584 8.28 4.22 4.86 2.58

11 Light Smoker 3 8.54 8.59 4.68 3.45 5.94 5.32 5.5 4.19 1.100 8.72 4.06 4.80 3.24

12 Light Smoker 8 8.48 8.57 7.03 6.70 8.00 7.45 8.4 7.49 1.009 11.57 7.71 7.86 6.13



trans-3'-Hydroxycotinine in Urine: Reference Sample 1

                                                                 Reference Sample 2
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trans-3'-Hydroxycotinine in Urine: Heavy Smoker 1
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trans-3'-Hydroxycotinine in Urine: Heavy Smoker 2
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trans-3'-Hydroxycotinine in Urine: Medium Smoker 2

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

A (r
ep

or
te

d)

A (d
ire

ct
)

A (i
nd

ire
ct

) B C

D
 (d

ire
ct

)
D

 (i
nd

ire
ct

) E F G H I J K

Labs

n
m

o
l/
m

l



trans-3'-Hydroxycotinine in Urine: Light Smoker
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trans-3'-Hydroxycotinine in Urine: Medium Smoker 1
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trans-3'-OH-Cotinine in urine: All samples by lab
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trans-3'-Hydroxycotinine in urine (nmol/ml): CORESTA Ring Trial 3 MG = 192.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 37.25 38.92 40.40 28.30 25.65 35.42 29.91 35.4 27.25 10.95 25.89 33.47 28.40 19.09

2 Reference Sample 2 R2 27.11 27.03 29.65 15.40 13.58 17.87 15.56 18.8 15.17 6.90 14.18 19.24 15.27 10.35

3 Heavy Smoker 1 9 47.06 46.77 44.20 23.36 31.82 27.97 46.70 20.40 17.53 51.24 42.77 43.13 34.91

4 Heavy Smoker 1 2 47.53 45.14 39.18 21.18 19.21 16.43 28.00 19.78 15.22 44.10 30.22 36.37 18.99

5 Heavy Smoker 2 6 60.56 61.59 18.55 16.08 15.59 13.09 15.50 25.62 3.88 14.71 16.36 14.67 10.72

6 Heavy Smoker 2 10 60.54 60.69 25.75 21.23 27.61 23.67 45.40 30.23 9.33 21.65 39.35 38.71 16.81

7 Medium Smoker 1 1 54.72 57.01 49.15 45.01 53.16 48.60 60.60 55.39 20.51 52.06 55.18 52.03 39.59

8 Medium Smoker 1 5 57.22 55.94 49.20 50.21 55.36 49.48 58.30 56.45 15.36 50.01 54.24 52.89 36.68

9 Medium Smoker 2 7 40.27 42.10 33.70 19.35 33.22 28.14 42.10 21.62 10.77 25.52 39.97 45.55 16.55

10 Medium Smoker 2 4 42.87 41.53 14.45 12.75 15.71 13.73 15.50 13.08 4.92 12.22 18.58 19.33 9.42

11 Light Smoker 3 36.95 33.36 21.00 13.63 26.57 22.72 25.20 18.27 6.80 15.72 19.18 20.42 11.55

12 Light Smoker 8 35.08 37.16 31.50 27.32 36.08 31.37 36.70 32.62 9.10 31.85 35.47 35.04 21.75

Data Entry ng/ml

1 Reference Sample 1 R1 7480 7764.2 4930 8871.5 5458

2 Reference Sample 2 R2 5196 5698.4 2610 3743.7 2935

3 Heavy Smoker 1 9 9044 8989.8 4490

4 Heavy Smoker 1 2 9136 8675.2 4070

5 Heavy Smoker 2 6 11640 11838.1 3090

6 Heavy Smoker 2 10 11635 11664.2 4080

7 Medium Smoker 1 1 10517 10958.2 8650

8 Medium Smoker 1 5 10998 10752.6 9650

9 Medium Smoker 2 7 7739 8091 3720

10 Medium Smoker 2 4 8239 7981.9 2450

11 Light Smoker 3 7102 6410.9 2620

12 Light Smoker 8 6742 7141.2 5250

Data Entry nmol/ml

1 Reference Sample 1 R1 37.25 38.92 40.40 28.3 25.65 35.42 29.91 35.4 27.25 10.95 25.9 33.47 28.40 19.1

2 Reference Sample 2 R2 27.11 27.03 29.65 15.4 13.58 17.87 15.56 18.8 15.17 6.90 14.2 19.24 15.27 10.4

3 Heavy Smoker 1 9 47.06 46.77 44.2 23.36 31.82 27.97 46.7 20.40 17.525 51.2 42.77 43.13 34.9

4 Heavy Smoker 1 2 47.53 45.14 39.2 21.18 19.21 16.43 28 19.78 15.222 44.1 30.22 36.37 19.0

5 Heavy Smoker 2 6 60.56 61.59 18.6 16.08 15.59 13.09 15.5 25.62 3.876 14.7 16.36 14.67 10.7

6 Heavy Smoker 2 10 60.54 60.69 25.8 21.23 27.61 23.67 45.4 30.23 9.335 21.7 39.35 38.71 16.8

7 Medium Smoker 1 1 54.72 57.01 49.2 45.01 53.16 48.60 60.6 55.39 20.514 52.1 55.18 52.03 39.6

8 Medium Smoker 1 5 57.22 55.94 49.2 50.21 55.36 49.48 58.3 56.45 15.360 50.0 54.24 52.89 36.7

9 Medium Smoker 2 7 40.27 42.10 33.7 19.35 33.22 28.14 42.1 21.62 10.773 25.5 39.97 45.55 16.5

10 Medium Smoker 2 4 42.87 41.53 14.5 12.75 15.71 13.73 15.5 13.08 4.916 12.2 18.58 19.33 9.42

11 Light Smoker 3 36.95 33.36 21.0 13.63 26.57 22.72 25.2 18.27 6.800 15.7 19.18 20.42 11.6

12 Light Smoker 8 35.08 37.16 31.5 27.32 36.08 31.37 36.7 32.62 9.098 31.9 35.47 35.04 21.7



Nicotine-N-glucuronide in Urine: Reference Sample 1

                                                                 Reference Sample 2
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Nicotine-N-glucuronide in Urine: Heavy Smoker 1
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Nicotine-N-glucuronide in Urine: Heavy Smoker 2
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Nicotine-N-glucuronide in Urine: Medium Smoker 2
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Nicotine-N-glucuronide in Urine: Light Smoker
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Nicotine-N-glucuronide in Urine: Medium Smoker 1
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Nicotine-N-glucuronide in urine: All samples by lab
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Nicotine-N-gluc in urine (nmol/ml): CORESTA Ring Trial 3 MG = 338.36 162.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 3.95 4.84 3.49 2.70 2.96 6.11 4.24 4.3 17.86 3.48 4.94 3.94 3.84

2 Reference Sample 2 R2 2.62 2.73 2.06 0.92 1.19 2.21 1.44 1.5 1.72 1.37 1.78 1.34 1.93

3 Heavy Smoker 1 9 7.96 4.99 3.60 3.01 6.57 5.03 4.10 24.25 6.53 6.44 7.15 2.88

4 Heavy Smoker 1 2 7.42 4.88 3.70 2.61 3.82 3.21 1.50 22.03 5.93 4.56 6.65 3.07

5 Heavy Smoker 2 6 11.05 9.12 2.80 2.38 3.35 2.37 1.60 10.07 2.86 1.92 2.55 4.05

6 Heavy Smoker 2 10 11.04 9.19 3.00 3.10 6.07 4.39 7.10 20.92 3.81 5.87 7.42 5.64

7 Medium Smoker 1 1 7.05 6.25 4.80 5.62 10.15 6.35 11.10 35.55 7.32 6.27 6.90 4.94

8 Medium Smoker 1 5 7.48 6.37 4.60 5.50 10.07 6.34 5.50 27.00 7.05 7.24 6.80 5.41

9 Medium Smoker 2 7 4.13 3.18 1.73 1.61 4.39 3.05 4.50 16.43 1.99 3.05 4.51 2.39

10 Medium Smoker 2 4 4.31 2.90 0.96 1.21 1.95 1.26 0.60 8.12 1.17 1.55 1.82 1.63

11 Light Smoker 3 1.13 0.44 0.47 0.43 1.25 0.74 0.60 4.90 0.54 0.58 0.52 0.80

12 Light Smoker 8 1.15 0.56 0.41 0.88 1.76 0.97 1.60 6.32 0.88 0.89 0.91 1.17

Data Entry ng/ml indirect ohne Spaltung mit Spaltung

1 Reference Sample 1 R1 1639 565.8 1000 1584 1333 2769.2 3335

2 Reference Sample 2 R2 924 333.9 403 580.8 454 1761.4 2095.3

3 Heavy Smoker 1 9 2695 809 1020 5570.1 6379.1

4 Heavy Smoker 1 2 2511 791.7 883 5577.4 6369.1

5 Heavy Smoker 2 6 3738 1479.2 806 5030.5 6509.7

6 Heavy Smoker 2 10 3734 1490.6 1050 5015.4 6506

7 Medium Smoker 1 1 2384 1014.4 1900 2707 3721.4

8 Medium Smoker 1 5 2531 1033.7 1860 2730 3763.7

9 Medium Smoker 2 7 1398 516.3 546 2061.3 2577.6

10 Medium Smoker 2 4 1457 471 410 2103.6 2574.6

11 Light Smoker 3 384 71.1 147 825.9 897

12 Light Smoker 8 388 91.6 297 793.2 884.8

Data Entry nmol/ml

1 Reference Sample 1 R1 3.95 4.84 3.49 2.7 2.96 6.11 4.24 4.3 17.86 3.48 4.94 3.94 3.84

2 Reference Sample 2 R2 2.62 2.73 2.06 0.915 1.19 2.21 1.44 1.5 7.65 1.37 1.78 1.34 1.93

3 Heavy Smoker 1 9 7.96 4.99 3.60 3.01 6.57 5.03 4.1 24.252 6.53 6.44 7.15 2.88

4 Heavy Smoker 1 2 7.42 4.88 3.70 2.61 3.82 3.21 1.5 22.029 5.93 4.56 6.65 3.07

5 Heavy Smoker 2 6 11.05 9.12 2.80 2.38 3.35 2.37 1.6 10.071 2.86 1.92 2.55 4.05

6 Heavy Smoker 2 10 11.04 9.19 3.00 3.10 6.07 4.39 7.1 20.917 3.81 5.87 7.42 5.64

7 Medium Smoker 1 1 7.05 6.25 4.80 5.62 10.15 6.35 11.1 35.548 7.32 6.27 6.90 4.94

8 Medium Smoker 1 5 7.48 6.37 4.60 5.50 10.07 6.34 5.5 27.000 7.05 7.24 6.80 5.41

9 Medium Smoker 2 7 4.13 3.18 1.73 1.61 4.39 3.05 4.5 16.433 1.99 3.05 4.51 2.39

10 Medium Smoker 2 4 4.31 2.90 0.96 1.21 1.95 1.26 0.6 8.122 1.17 1.55 1.82 1.63

11 Light Smoker 3 1.13 0.44 0.465 0.43 1.25 0.74 0.6 4.901 0.54 0.58 0.52 0.798

12 Light Smoker 8 1.15 0.56 0.41 0.88 1.76 0.97 1.6 6.320 0.88 0.89 0.91 1.17



Cotinine-N-glucuronide in Urine: Reference Sample 1

                                                                 Reference Sample 2
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Cotinine-N-glucuronide in Urine: Heavy Smoker 1
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Cotinine-N-glucuronide in Urine: Heavy Smoker 2
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Cotinine-N-glucuronide in Urine: Medium Smoker 2
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Cotinine-N-glucuronide in Urine: Light Smoker
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Cotinine-N-glucuronide in Urine: Medium Smoker 1
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Cotinine-N-glucuronide in urine: All samples by lab
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Cotinine-N-gluc in urine (nmol/ml): CORESTA Ring Trial 3 MG = 352.34 176.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 15.39 17.88 21.74 17.80 10.47 21.37 15.96 15.2 6.66 40.45 22.29 17.89 14.91 10.47

2 Reference Sample 2 R2 12.86 13.27 11.90 7.60 5.36 7.74 6.44 5.8 2.79 19.19 10.60 7.40 6.05 4.12

3 Heavy Smoker 1 9 29.83 24.72 35.60 11.41 22.53 16.24 26.20 5.24 48.19 21.19 26.22 25.73 19.02

4 Heavy Smoker 1 2 28.66 24.91 31.95 10.19 12.34 9.62 15.00 5.13 62.11 22.55 18.82 22.40 11.01

5 Heavy Smoker 2 6 43.44 39.68 16.11 10.81 11.58 9.31 10.70 9.05 16.27 19.59 10.23 9.99 7.44

6 Heavy Smoker 2 10 42.88 39.11 21.03 13.65 21.67 16.91 32.80 7.98 34.79 23.78 26.70 28.26 11.66

7 Medium Smoker 1 1 30.18 27.36 36.10 24.69 33.86 26.71 25.80 13.97 91.51 33.03 28.11 29.24 17.71

8 Medium Smoker 1 5 31.58 27.03 35.70 26.54 34.81 27.90 32.00 13.12 71.54 35.60 28.22 27.39 17.34

9 Medium Smoker 2 7 19.85 18.10 20.07 7.24 17.50 13.03 17.50 4.40 44.06 18.13 16.86 20.08 7.66

10 Medium Smoker 2 4 19.77 18.67 7.76 5.48 7.47 6.10 6.20 2.69 22.48 10.34 7.58 8.61 4.65

11 Light Smoker 3 7.14 5.80 4.88 2.47 5.07 4.12 3.40 1.21 32.20 5.64 3.39 3.58 2.25

12 Light Smoker 8 7.73 5.89 7.98 4.68 7.10 6.15 6.70 2.58 39.37 9.92 6.44 5.92 4.65

Data Entry ng/ml indirect ohne Spaltung mit Spaltung

1 Reference Sample 1 R1 6301 3830.2 3690 6343.3 5255 2203.5 6033.7

2 Reference Sample 2 R2 4677 2096.4 1890 2757.3 2133 1751.3 3847.7

3 Heavy Smoker 1 9 10510 4355.6 4020 2975.9 7331.5

4 Heavy Smoker 1 2 10098 4389.2 3590 2972 7361.2

5 Heavy Smoker 2 6 15305 6990.9 3810 2803.4 9794.3

6 Heavy Smoker 2 10 15108 6891.1 4810 2880.4 9771.5

7 Medium Smoker 1 1 10632 4820.3 8700 2204.4 7024.7

8 Medium Smoker 1 5 11128 4763.2 9350 2205.3 6968.5

9 Medium Smoker 2 7 6994 3189.1 2550 1965 5154.1

10 Medium Smoker 2 4 6966 3289.5 1930 1924.3 5213.8

11 Light Smoker 3 2515 1022.1 872 1513.5 2535.6

12 Light Smoker 8 2725 1037.3 1650 1509.2 2546.5

Data Entry nmol/ml

1 Reference Sample 1 R1 15.39 17.88 21.74 17.8 10.47 21.37 15.96 15.2 6.66 40.45 22.3 17.89 14.91 10.5

2 Reference Sample 2 R2 12.86 13.27 11.90 7.6 5.36 7.74 6.44 5.8 2.79 19.19 10.6 7.40 6.05 4.12

3 Heavy Smoker 1 9 29.83 24.72 35.6 11.41 22.53 16.24 26.2 5.24 48.191 21.2 26.22 25.73 19.0

4 Heavy Smoker 1 2 28.66 24.91 32.0 10.19 12.34 9.62 15 5.13 62.109 22.6 18.82 22.40 11.0

5 Heavy Smoker 2 6 43.44 39.68 16.1 10.81 11.58 9.31 10.7 9.05 16.272 19.6 10.23 9.99 7.44

6 Heavy Smoker 2 10 42.88 39.11 21.0 13.65 21.67 16.91 32.8 7.98 34.792 23.8 26.70 28.26 11.7

7 Medium Smoker 1 1 30.18 27.36 36.1 24.69 33.86 26.71 25.8 13.97 91.506 33.0 28.11 29.24 17.7

8 Medium Smoker 1 5 31.58 27.03 35.7 26.54 34.81 27.90 32 13.12 71.540 35.6 28.22 27.39 17.3

9 Medium Smoker 2 7 19.85 18.10 20.1 7.24 17.50 13.03 17.5 4.40 44.056 18.1 16.86 20.08 7.66

10 Medium Smoker 2 4 19.77 18.67 7.76 5.48 7.47 6.10 6.2 2.69 22.480 10.3 7.58 8.61 4.65

11 Light Smoker 3 7.14 5.80 4.88 2.47 5.07 4.12 3.4 1.21 32.197 5.6 3.39 3.58 2.25

12 Light Smoker 8 7.73 5.89 7.98 4.68 7.10 6.15 6.7 2.58 39.369 9.9 6.44 5.92 4.65



trans-3'-OH-Cotinine-O-glucuronide in Urine: Reference Sample 1

                                                                 Reference Sample 2
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trans-3'-OH-Cotinine-O-glucuronide in Urine: Heavy Smoker 1
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trans-3'-OH-Cotinine-O-glucuronide in Urine: Heavy Smoker 2
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trans-3'-OH-Cotinine-O-glucuronide in Urine: Medium Smoker 2
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trans-3'-OH-Cotinine-O-glucuronide in Urine: Light Smoker
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trans-3'-OH-Cotinine-O-glucuronide in Urine: Medium Smoker 1
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trans-3'-OH-Cotinine-O-glucuronide in urine: All samples by lab
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Trans-3'-OH-Cotinine-O-gluc in urine (nmol/ml): CORESTA Ring Trial 3 MG = 368.3 192.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 9.43 10.13 5.94 10.00 7.79 13.53 11.65 8 3.18 14.24 9.97 9.74 8.88

2 Reference Sample 2 R2 7.04 7.87 3.46 4.30 3.96 5.05 4.55 3.7 1.24 6.03 4.24 4.37 3.48

3 Heavy Smoker 1 9 14.49 13.61 20.05 7.60 13.18 10.76 16.10 2.31 15.42 11.50 16.40 14.25

4 Heavy Smoker 1 2 13.28 12.79 18.10 6.84 7.81 6.68 8.50 2.34 15.49 12.81 14.59 9.67

5 Heavy Smoker 2 6 19.43 10.24 8.15 6.33 6.44 5.28 6.80 4.30 9.42 5.81 5.31 5.54

6 Heavy Smoker 2 10 19.22 11.80 9.00 8.12 11.94 10.01 17.80 1.35 14.74 10.48 14.81 8.47

7 Medium Smoker 1 1 29.80 18.59 34.30 29.46 32.55 28.51 30.20 11.80 37.02 29.00 27.56 24.87

8 Medium Smoker 1 5 28.91 16.23 33.90 31.36 32.98 26.80 39.50 9.67 36.79 30.65 27.76 22.59

9 Medium Smoker 2 7 13.23 5.65 13.85 6.68 12.71 11.98 13.20 2.83 13.22 11.78 16.45 7.36

10 Medium Smoker 2 4 13.05 5.43 5.80 4.81 6.22 5.35 5.50 1.60 7.28 5.89 6.42 4.48

11 Light Smoker 3 11.56 8.04 6.80 4.53 9.00 8.45 7.20 1.12 7.01 5.00 6.35 4.21

12 Light Smoker 8 12.58 3.54 9.30 8.63 12.36 12.16 10.80 4.19 14.61 11.81 10.22 7.63

A (indirect) A (indirect)

Data Entry ng/ml indirect ohne Spaltung mit Spaltung

1 Reference Sample 1 R1 3731 1141.1 2870 3588 7764.2 8905.3

2 Reference Sample 2 R2 2900 665.1 1460 1610 5698.4 6363.5

3 Heavy Smoker 1 9 5335 2615 2800 8675.2 11290.2

4 Heavy Smoker 1 2 4891 2458.6 2520 8989.8 11448.4

5 Heavy Smoker 2 6 7156 1967.3 2330 11838.1 13805.4

6 Heavy Smoker 2 10 7080 2267.1 2990 11664.2 13931.3

7 Medium Smoker 1 1 10975 3572.3 10850 10958.2 14530.5

8 Medium Smoker 1 5 10649 3119.9 11550 10752.6 13872.5

9 Medium Smoker 2 7 4873 1085.8 2460 7981.9 9067.7

10 Medium Smoker 2 4 4808 1043.4 1770 8091 9134.4

11 Light Smoker 3 4257 1546.1 1670 6410.9 7957

12 Light Smoker 8 4634 681 3180 7141.2 7822.2

Data Entry nmol/ml

1 Reference Sample 1 R1 9.43 10.13 5.94 10 7.79 13.53 11.65 8 3.18 14.2 9.97 9.74 8.88

2 Reference Sample 2 R2 7.04 7.87 3.46 4.3 3.96 5.05 4.55 3.7 1.24 6.0 4.24 4.37 3.48

3 Heavy Smoker 1 9 14.49 13.61 20.1 7.60 13.18 10.76 16.1 2.31 15.4 11.50 16.40 14.3

4 Heavy Smoker 1 2 13.28 12.79 18.1 6.84 7.81 6.68 8.5 2.34 15.5 12.81 14.59 9.67

5 Heavy Smoker 2 6 19.43 10.24 8.15 6.33 6.44 5.28 6.8 4.30 9.4 5.81 5.31 5.54

6 Heavy Smoker 2 10 19.22 11.80 9.00 8.12 11.94 10.01 17.8 1.35 14.7 10.48 14.81 8.47

7 Medium Smoker 1 1 29.80 18.59 34.3 29.46 32.55 28.51 30.2 11.80 37.0 29.00 27.56 24.9

8 Medium Smoker 1 5 28.91 16.23 33.9 31.36 32.98 26.80 39.5 9.67 36.8 30.65 27.76 22.6

9 Medium Smoker 2 7 13.23 5.65 13.9 6.68 12.71 11.98 13.2 2.83 13.2 11.78 16.45 7.36

10 Medium Smoker 2 4 13.05 5.43 5.80 4.81 6.22 5.35 5.5 1.60 7.3 5.89 6.42 4.48

11 Light Smoker 3 11.56 8.04 6.80 4.53 9.00 8.45 7.2 1.12 7.0 5.00 6.35 4.21

12 Light Smoker 8 12.58 3.54 9.30 8.63 12.36 12.16 10.8 4.19 14.6 11.81 10.22 7.63



* incomplete date, not included in the evaluation

Nicotine equivalents in Urine: Reference Sample 1

                                    Reference Sample 2
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* incomplete date, not included in the evaluation

Nicotine equivalents in Urine: Heavy Smoker 1
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* incomplete date, not included in the evaluation

Nicotine equivalents in Urine: Heavy Smoker 2

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

180.00

200.00

A (r
ep

or
te

d)

A (d
ire

ct
)

A (i
nd

ire
ct

) B C

D
 (d

ire
ct

)

D
 (i

nd
ire

ct
) E F*

G
* H I J K

Labs

n
m

o
l/

m
l



Nicotine equivalents in Urine: Medium Smoker 2
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Nicotine equivalents in Urine: Light Smoker
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Nicotine equivalents in Urine: Medium Smoker 1
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Nicotine equivalents in urine: All samples by lab
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Nicotine in urine (nmol/ml): CORESTA Ring Trial 3 MG = 162.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G (corrected) H I J K

1 Reference Sample 1 R1 16.97 17.10 17.07 10.90 9.62 13.29 11.98 14.8 14.18 9.56 10.98 11.23 11.00 12.82

2 Reference Sample 2 R2 10.89 10.74 10.86 5.22 4.95 6.25 5.48 5.5 6.64 4.44 5.59 5.80 5.41 5.83

3 Heavy Smoker 1 9 34.27 34.34 29.35 15.23 19.23 18.63 33.30 5.66 20.86 34.70 24.87 27.48 34.65

4 Heavy Smoker 1 2 33.93 34.39 25.60 13.69 11.59 10.44 19.70 12.63 20.06 31.10 18.83 24.55 28.85

5 Heavy Smoker 2 6 31.19 31.01 8.80 7.89 6.99 6.39 8.00 13.23 4.77 7.93 7.16 6.88 9.68

6 Heavy Smoker 2 10 31.15 30.92 12.20 10.60 13.02 11.85 32.00 7.49 10.05 11.77 16.88 18.23 12.33

7 Medium Smoker 1 1 15.60 16.69 14.10 13.87 15.66 14.61 20.20 25.39 16.35 15.09 14.65 14.99 26.02

8 Medium Smoker 1 5 17.74 16.83 14.10 14.55 15.99 14.47 18.70 20.30 13.53 16.77 14.20 14.47 21.70

9 Medium Smoker 2 7 12.46 12.71 9.83 5.49 9.47 8.40 12.60 3.42 7.97 7.93 10.55 13.11 8.88

10 Medium Smoker 2 4 12.92 12.97 4.11 3.72 4.34 3.94 4.60 3.84 3.85 3.93 4.59 5.82 4.52

11 Light Smoker 3 4.95 5.09 2.56 1.83 3.24 3.00 3.20 2.11 2.47 2.24 2.13 2.69 2.90

12 Light Smoker 8 4.84 4.89 3.93 3.97 4.69 4.25 5.60 1.94 3.07 4.43 4.24 4.25 5.12

Cotinine in urine (nmol/ml): CORESTA Ring Trial 3 MG = 176.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 10.76 11.74 12.51 6.99 6.41 13.29 11.98 10.2 6.89 4.68 10.01 8.17 7.38 5.96

2 Reference Sample 2 R2 9.14 9.55 9.94 5.01 4.46 6.25 5.48 5.1 4.77 1.72 8.77 5.73 5.00 3.76

3 Heavy Smoker 1 9 16.29 16.89 13.45 7.26 9.77 8.82 14.90 6.26 9.49 21.37 11.45 13.28 12.88

4 Heavy Smoker 1 2 15.74 16.87 11.83 6.64 5.81 5.23 9.40 6.25 10.19 17.13 9.57 11.63 6.64

5 Heavy Smoker 2 6 14.81 15.91 4.39 4.39 3.62 3.23 4.00 6.27 2.94 9.13 3.60 3.51 3.16

6 Heavy Smoker 2 10 15.14 16.35 6.03 5.52 6.50 5.88 12.90 7.45 5.93 11.47 8.85 9.82 4.89

7 Medium Smoker 1 1 11.28 12.51 9.79 10.22 11.01 9.68 12.90 10.95 16.07 12.27 10.88 11.07 9.02

8 Medium Smoker 1 5 11.63 12.52 9.78 10.50 11.20 9.75 13.30 10.91 9.39 13.63 11.37 10.50 9.14

9 Medium Smoker 2 7 9.96 11.15 7.98 4.76 7.84 7.03 11.60 5.17 4.82 13.08 8.73 10.93 5.11

10 Medium Smoker 2 4 10.63 10.92 3.45 3.23 3.78 3.36 4.20 3.19 2.58 8.28 4.22 4.86 2.58

11 Light Smoker 3 8.54 8.59 4.68 3.45 5.94 5.32 5.50 4.19 1.10 8.72 4.06 4.80 3.24

12 Light Smoker 8 8.48 8.57 7.03 6.70 8.00 7.45 8.40 7.49 1.01 11.57 7.71 7.86 6.13

trans-3'-Hydroxycotinine in urine (nmol/ml): CORESTA Ring Trial 3 MG = 192.2

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 37.25 38.92 40.40 28.30 25.65 35.42 29.91 35.4 27.25 10.95 25.89 33.47 28.40 19.09

2 Reference Sample 2 R2 27.11 27.03 29.65 15.40 13.58 17.87 15.56 18.8 15.17 6.90 14.18 19.24 15.27 10.35

3 Heavy Smoker 1 9 47.06 46.77 44.20 23.36 31.82 27.97 46.70 20.40 17.53 51.24 42.77 43.13 34.91

4 Heavy Smoker 1 2 47.53 45.14 39.18 21.18 19.21 16.43 28.00 19.78 15.22 44.10 30.22 36.37 18.99

5 Heavy Smoker 2 6 60.56 61.59 18.55 16.08 15.59 13.09 15.50 25.62 3.88 14.71 16.36 14.67 10.72

6 Heavy Smoker 2 10 60.54 60.69 25.75 21.23 27.61 23.67 45.40 30.23 9.33 21.65 39.35 38.71 16.81

7 Medium Smoker 1 1 54.72 57.01 49.15 45.01 53.16 48.60 60.60 55.39 20.51 52.06 55.18 52.03 39.59

8 Medium Smoker 1 5 57.22 55.94 49.20 50.21 55.36 49.48 58.30 56.45 15.36 50.01 54.24 52.89 36.68

9 Medium Smoker 2 7 40.27 42.10 33.70 19.35 33.22 28.14 42.10 21.62 10.77 25.52 39.97 45.55 16.55

10 Medium Smoker 2 4 42.87 41.53 14.45 12.75 15.71 13.73 15.50 13.08 4.92 12.22 18.58 19.33 9.42

11 Light Smoker 3 36.95 33.36 21.00 13.63 26.57 22.72 25.20 18.27 6.80 15.72 19.18 20.42 11.55

12 Light Smoker 8 35.08 37.16 31.50 27.32 36.08 31.37 36.70 32.62 9.10 31.85 35.47 35.04 21.75

Nicotine-N-gluc in urine (nmol/ml): CORESTA Ring Trial 3 MG = 338.36

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 3.95 4.84 3.49 2.70 2.96 6.11 4.24 4.3 17.86 3.48 4.94 3.94 3.84

2 Reference Sample 2 R2 2.62 2.73 2.06 0.92 1.19 2.21 1.44 1.5 7.65 1.37 1.78 1.34 1.93

3 Heavy Smoker 1 9 7.96 4.99 3.60 3.01 6.57 5.03 4.10 24.25 6.53 6.44 7.15 2.88

4 Heavy Smoker 1 2 7.42 4.88 3.70 2.61 3.82 3.21 1.50 22.03 5.93 4.56 6.65 3.07

5 Heavy Smoker 2 6 11.05 9.12 2.80 2.38 3.35 2.37 1.60 10.07 2.86 1.92 2.55 4.05

6 Heavy Smoker 2 10 11.04 9.19 3.00 3.10 6.07 4.39 7.10 20.92 3.81 5.87 7.42 5.64

7 Medium Smoker 1 1 7.05 6.25 4.80 5.62 10.15 6.35 11.10 35.55 7.32 6.27 6.90 4.94

8 Medium Smoker 1 5 7.48 6.37 4.60 5.50 10.07 6.34 5.50 27.00 7.05 7.24 6.80 5.41

9 Medium Smoker 2 7 4.13 3.18 1.73 1.61 4.39 3.05 4.50 16.43 1.99 3.05 4.51 2.39

10 Medium Smoker 2 4 4.31 2.90 0.96 1.21 1.95 1.26 0.60 8.12 1.17 1.55 1.82 1.63



11 Light Smoker 3 1.13 0.44 0.47 0.43 1.25 0.74 0.60 4.90 0.54 0.58 0.52 0.80

12 Light Smoker 8 1.15 0.56 0.41 0.88 1.76 0.97 1.60 6.32 0.88 0.89 0.91 1.17

Cotinine-N-gluc in urine (nmol/ml): CORESTA Ring Trial 3 MG = 352.34

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 15.39 17.88 21.74 17.80 10.47 21.37 15.96 15.2 6.66 40.45 22.29 17.89 14.91 10.47

2 Reference Sample 2 R2 12.86 13.27 11.90 7.60 5.36 7.74 6.44 5.8 2.79 19.19 10.60 7.40 6.05 4.12

3 Heavy Smoker 1 9 29.83 24.72 35.60 11.41 22.53 16.24 26.20 5.24 48.19 21.19 26.22 25.73 19.02

4 Heavy Smoker 1 2 28.66 24.91 31.95 10.19 12.34 9.62 15.00 5.13 62.11 22.55 18.82 22.40 11.01

5 Heavy Smoker 2 6 43.44 39.68 16.11 10.81 11.58 9.31 10.70 9.05 16.27 19.59 10.23 9.99 7.44

6 Heavy Smoker 2 10 42.88 39.11 21.03 13.65 21.67 16.91 32.80 7.98 34.79 23.78 26.70 28.26 11.66

7 Medium Smoker 1 1 30.18 27.36 36.10 24.69 33.86 26.71 25.80 13.97 91.51 33.03 28.11 29.24 17.71

8 Medium Smoker 1 5 31.58 27.03 35.70 26.54 34.81 27.90 32.00 13.12 71.54 35.60 28.22 27.39 17.34

9 Medium Smoker 2 7 19.85 18.10 20.07 7.24 17.50 13.03 17.50 4.40 44.06 18.13 16.86 20.08 7.66

10 Medium Smoker 2 4 19.77 18.67 7.76 5.48 7.47 6.10 6.20 2.69 22.48 10.34 7.58 8.61 4.65

11 Light Smoker 3 7.14 5.80 4.88 2.47 5.07 4.12 3.40 1.21 32.20 5.64 3.39 3.58 2.25

12 Light Smoker 8 7.73 5.89 7.98 4.68 7.10 6.15 6.70 2.58 39.37 9.92 6.44 5.92 4.65

Trans-3'-OH-Cotinine-O-gluc in urine (nmol/ml): CORESTA Ring Trial 3 MG = 368.3

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F G H I J K

1 Reference Sample 1 R1 9.43 10.13 5.94 10.00 7.79 13.53 11.65 8 3.18 14.24 9.97 9.74 8.88

2 Reference Sample 2 R2 7.04 7.87 3.46 4.30 3.96 5.05 4.55 3.7 1.24 6.03 4.24 4.37 3.48

3 Heavy Smoker 1 9 14.49 12.79 20.05 7.60 13.18 10.76 16.10 2.31 15.42 11.50 16.40 14.25

4 Heavy Smoker 1 2 13.28 13.61 18.10 6.84 7.81 6.68 8.50 2.34 15.49 12.81 14.59 9.67

5 Heavy Smoker 2 6 19.43 10.24 8.15 6.33 6.44 5.28 6.80 4.30 9.42 5.81 5.31 5.54

6 Heavy Smoker 2 10 19.22 11.80 9.00 8.12 11.94 10.01 17.80 1.35 14.74 10.48 14.81 8.47

7 Medium Smoker 1 1 29.80 18.59 34.30 29.46 32.55 28.51 30.20 11.80 37.02 29.00 27.56 24.87

8 Medium Smoker 1 5 28.91 16.23 33.90 31.36 32.98 26.80 39.50 9.67 36.79 30.65 27.76 22.59

9 Medium Smoker 2 7 13.23 5.43 13.85 6.68 12.71 11.98 13.20 2.83 13.22 11.78 16.45 7.36

10 Medium Smoker 2 4 13.05 5.65 5.80 4.81 6.22 5.35 5.50 1.60 7.28 5.89 6.42 4.48

11 Light Smoker 3 11.56 8.04 6.80 4.53 9.00 8.45 7.20 1.12 7.01 5.00 6.35 4.21

12 Light Smoker 8 12.58 3.54 9.30 8.63 12.36 12.16 10.80 4.19 14.61 11.81 10.22 7.63

Sum of 6 nicotine metabolites in urine (nmol/ml): CORESTA Ring Trial 3

Order Sample name Sample # A (reported) A (direct) A (indirect) B C D (direct) D (indirect) E F* G* H I J K

1 Reference Sample 1 R1 93.75 100.62 101.14 76.69 62.90 103.01 85.73 87.90 86.89 85.67 75.38 61.07

2 Reference Sample 2 R2 69.66 71.20 67.86 38.45 33.51 45.35 38.94 40.40 46.55 44.19 37.44 29.46

3 Heavy Smoker 1 9 149.90 140.50 146.25 67.88 103.10 87.45 141.30 150.45 123.25 133.18 118.60

4 Heavy Smoker 1 2 146.57 139.79 130.36 61.14 60.57 51.60 82.10 136.30 94.83 116.19 78.24

5 Heavy Smoker 2 6 180.48 167.55 58.80 47.88 47.56 39.66 46.60 63.64 45.08 42.91 40.58

6 Heavy Smoker 2 10 179.96 168.05 77.00 62.22 86.80 72.71 148.00 87.22 108.12 117.24 59.81

7 Medium Smoker 1 1 148.63 138.41 148.24 128.86 156.38 134.45 160.80 156.80 144.11 141.78 122.15

8 Medium Smoker 1 5 154.57 134.93 147.28 138.65 160.41 134.73 167.30 159.84 145.91 139.80 112.86

9 Medium Smoker 2 7 99.90 92.67 87.15 45.13 85.12 71.61 101.50 79.87 90.95 110.63 47.95

10 Medium Smoker 2 4 103.55 92.64 36.52 31.20 39.47 33.74 36.60 43.22 42.41 46.86 27.27

11 Light Smoker 3 70.27 61.32 40.38 26.36 51.06 44.34 45.10 39.87 34.33 38.36 24.95

12 Light Smoker 8 69.87 60.61 60.14 52.18 70.00 62.35 69.80 73.26 66.55 64.20 46.45



 

 

 

 

 

CORESTA Task Force Nicotine Uptake: 

 
 

Ring Trial 4



 

 

Design of the 4
th

 CORESTA Ring Trial on Nicotine and its Metabolites in Urine and 

3
rd

 Proficiency Tests on Salivary Cotinine 
 

Welcome to the 4
th

 CORESTA Ring Trial on nicotine and its metabolites in urine and the 

3
rd

 Proficiency Test on salivary cotinine, part of a continuing effort to evaluate inter-

laboratory data on biomarkers of nicotine exposure.  RJRT is pleased to direct this next 

study in the series. 

 

From the 2006 Munich CORESTA meeting, it was concluded that for the Ring Trials on 

nicotine and its metabolites in urine: 

 

• Ring Trial 3 had some unexplainable results and the data may not be 

useful. 

• From Ring Trials 1 and 2, inter- and intra-laboratory variability was 

acceptable with either the direct or indirect methods. 

• Some systematic deviations between both methods still need to be 

clarified. 

 

As for salivary cotinine, the latest Proficiency Test showed that inter-laboratory 

variability was unacceptable and there may be a problem with calibrators. 

 

A common concern of these studies was standards purity in the preparation of calibrators 

(calibration standards).  It was proposed to supply calibrator solutions with the next 

sample set for testing.  A review of the methods, however, suggested that different 

solvents for primary standards were in use and any change in solvent for a method could 

impact the performance of that method, particularly those methods that use short LC 

runs.  Thus, we have decided to not supply calibrators as neat solutions but instead, we 

have designed the current study as a set of 42 urine (and 42 saliva) samples that have 

embedded within the set calibration standards prepared by adding known amounts of 

each analyte to urine (or saliva) from nonsmokers; the remaining samples represent 

smokers with a wide range of behaviors.  Since the samples are randomized and coded, 

the participating labs will not have knowledge about which samples are calibration 

standards.  Thus, in this round of the study, we ask that each lab: 

 

• analyze each of the 42 samples as an unknown using their own calibration 

standards according to their usual method. 

• return to RJRT (using the attached template) the data from the analytical 

run, including area counts of each analyte and internal standard along with 

the determined concentration. 

 

We will collect all the data and compare the determined concentrations from each 

laboratory with those determined using the embedded calibration curve.  By normalizing 

the data to the same calibration curve, we can eliminate standard purity and preparation 

from the variability and look at other possible variabilities from each method. 



 

The projected time frame: 

 

June 19, 2006:   ship samples to all participating laboratories 

July 31, 2006:   have all data returned to RJRT for compilation and analysis 

September 15, 2006:   issue a report summarizing the findings. 

October, 15-20, 2006: present report for discussion at CORESTA Congress 

 

Thank you in advance for your laboratory’s participation. 

 

Sincere regards, 

 

Gary D. Byrd 

Human Studies Division 

R. J. Reynolds Tobacco Company 

P. O. Box 1487 

Winston-Salem, NC  27102 

USA 

byrdg@rjrt.com 

Tel. 336 741-2603



CORESTA Task Force on Nicotine Uptake 

 

List of laboratories invited to participate 

 

No 
Contact Person / 

Address 
e-mail Shipping Address 

1. Nicotine metabolites in 

urine 

2. Cotinine in 

saliva 

1 Ehmoser, Horst 

Austria-Tabak AG 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

HorstEhmoser@AustriaTabak.com 

 

Horst Ehmoser 

Austria-Tabak AG 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

Method:  

LC-MS/MS (ESI), indirect 

Volume: 3 ml 

Method:  

LC-MS/MS (ESI) 

Volume: 1 ml 

2 Cahours, Xavier  Dr. 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

France 

xavier.cahours@altadis.com Dr. Xaxier Cahours 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

FRANCE 

Method:  

LLE-GC/NPD, indirect 

Volume: 5 ml 

Method:  

LC-MS 

Volume: 0.5 ml 

3 Lionetti, Giovanni Dr. 

ETI – ENTE Tabacchi Italiani 

S.P.A. 

Circonvallazione Ostiense 191 

00154 Roma 

ITALY 

giovanni.lionetti@bat.com 
 

Dr. Stefano Ciaravolo 

BAT Italia S.p.A. 

Complesso Universitario Monte S. 

Angelo 

Dipartimento di Chimica 

Via Cinzia 45 

80126 Napoli 

ITALIA 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

GC-MS/MS 

Volume: 1 ml 

4 Ogden, Mike Dr. 

RJ Reynolds Tobacco Company 

P.O. Box 1487 

Winston Salem, NC 27102 

USA 

ogdenm@rjrt.com 

 

Dr. Gary Byrd 

RJ Reynolds Tobacco Company 

R&D 

950 Reynolds Blvd. 

Winston Salem, NC 27105 

USA 

Method 1:  

LC-MS/MS, indirect 

Volume: 2 ml 

Method 2:  

LC-MS/MS, direct 

Volume: 2 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 



 
5 Wenzel, Elisabeth Dr. 

PHILIP MORRIS Research 

Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

elisabeth.wenzel@pmintl.com 

 

 

Dr. Elisabeth Wenzel 

PHILIP MORRIS Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

Method:  

HPLC-UV, after deriv., 

indirect 

Volume: 5 ml 

Method:  

HPLC-UV, after 

deriv. 

Volume: 1 ml 

6 Hyung-Ok Sohn 

KT&G Central Research 

Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

Korea 

hosohn@tktng.com 
 

Hyung-Ok Sohn 

KT&G Central Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

KOREA 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

7 Bentley, Mark 

MDS Pharma Services 

Switzerland AG 

Zurich 

Switzerland 

Mark.Bentley@mdsps.com 
 

Jeff Long 

Laboratory Manager 

MDS Pharma Services 

Newton House, 550 Winch Road 

Sittingbourne Research Centre 

Sittingborune, Kent, ME9 8EF 

ENGLAND 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

8 Phillips, Keith / Bakes, David 

Manager of Bioanalytical 

Method Development 

Covance Laboratories Ltd. 

Otley Road 

Harrogate 

N. Yorks, HG3 1PY 

UK 

Keith.Phillips@covance.com 
 
David.Bakes@covance.com 
 

David Bakes 

Manager of Bioanalytical Method 

Development 

Covance Laboratories Ltd. 

Otley Road 

Harrogate 

N. Yorks, HG3 1PY 

ENGLAND 

Method:  

LC-MS/MS, indirect 

Volume: 2 ml 

Method:  

LC-MS/MS 

Volume: 0.5 ml 

9 Sharifi, Mehran 

Labstat International Inc. 

262 Manitou Dr 

Kitchener 

ON CANADA 

N2C 1L3 

msharifi@labstat.com 
 

Dr. Mehran Sharifi 

Labstat International Inc. 

262 Manitou Dr 

Kitchener 

ON CANADA 

N2C 1L3 

CANADA 

 

(Customs broker: Russell Farrow) 

Method:  

LC-MS/MS, direct 

Volume: 3 ml 

- 



 
10 Newland, Kirk 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

Kirk.Newland@mdsinc.com 
 

Kirk Newland 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

USA 

Method:  

LC-MS/MS, direct 

Volume: 0.5 mL 
 

- 

11 Scherer, Gerhard 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

gerhard.scherer@abf-lab.com 
 

Gerhard Scherer 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

Method 1:  

LC-MS/MS, direct 

Volume: 3 ml 

 

Method 1:  

LC-MS/MS 

Volume: 0.5 ml 
 

 

 



Correlation of COT in urine with Total Nicotine Equivalents

 (authentic samples only)

LAB R

L03 0.7604127

L04 0.720554

L05 0.744576

L06 0.8140456

L07 0.7721178

L08 0.8211578

L09D 0.7816458

L09L 0.7455139

L10 0.7678015

L11 0.7764643

Mean 0.7704289

StDev 0.0307766

Min = 0.720554

Max = 0.8211578



SAMPLES ARRAYED FOR STATISTICAL ANALYSES (Saliva COT only)

Rep Conc ECC Corr

LAB Sample Rep (nmol/mL) (nmol/mL)

3 SS-1 1 0.118

3 SS-1 2 0.123

3 SS-1 3 0.127

3 SS-2 1 0.317

3 SS-2 2 0.310

3 SS-2 3 0.321

3 SS-3 1 0.607

3 SS-3 2 0.630

3 SS-3 3 0.630

3 SS-4 1 1.243

3 SS-4 2 1.243

3 SS-4 3 1.209

3 SS-5 1 3.047

3 SS-5 2 3.149

3 SS-5 3 3.138

3 SS-6 1 6.015

3 SS-6 2 5.902

3 SS-6 3 6.015

3 Sal-SB 1 0.307 0.282

3 Sal-SB 2 0.301 0.277

3 Sal-SB 3 0.305 0.281

3 Sal-SC 1 0.543 0.499

3 Sal-SC 2 0.554 0.509

3 Sal-SC 3 0.540 0.497

3 Sal-SD 1 0.670 0.616

3 Sal-SD 2 0.658 0.605

3 Sal-SD 3 0.664 0.612

3 Sal-SE 1 0.891 0.818

3 Sal-SE 2 0.846 0.779

3 Sal-SE 3 0.863 0.792

3 Sal-SF 1 1.095 1.006

3 Sal-SF 2 1.061 0.977

3 Sal-SF 3 1.101 1.013

3 Sal-SG 1 2.117 1.951

3 Sal-SG 2 2.190 2.015

3 Sal-SG 3 2.162 1.994

5 SS-1 1 0.111

5 SS-1 2 0.101

5 SS-1 3 0.085

5 SS-2 1 0.266

5 SS-2 2 0.321

5 SS-2 3 0.223

5 SS-3 1 0.637

5 SS-3 2 0.568

5 SS-3 3 0.604

5 SS-4 1 1.195

5 SS-4 2 1.067

5 SS-4 3 1.177

5 SS-5 1 2.756

5 SS-5 2 2.845

5 SS-5 3 2.709

5 SS-6 1 5.733

5 SS-6 2 6.050

5 SS-6 3 5.586

5 Sal-SB 1 0.252 0.264

5 Sal-SB 2 0.287 0.295

5 Sal-SB 3 0.302 0.311

5 Sal-SC 1 0.456 0.464

5 Sal-SC 2 0.521 0.524

5 Sal-SC 3 0.467 0.475

5 Sal-SD 1 0.657 0.660

5 Sal-SD 2 0.556 0.562

5 Sal-SD 3 0.583 0.587

5 Sal-SE 1 0.747 0.744

5 Sal-SE 2 0.813 0.809

5 Sal-SE 3 0.736 0.734

5 Sal-SF 1 0.986 0.977

5 Sal-SF 2 0.931 0.924

5 Sal-SF 3 1.047 1.037

5 Sal-SG 1 2.033 2.002

5 Sal-SG 2 1.967 1.938

5 Sal-SG 3 1.997 1.968

6 SS-1 1 0.138

6 SS-1 2 0.132

6 SS-1 3 0.133

6 SS-2 1 0.338

6 SS-2 2 0.351

6 SS-2 3 0.352

6 SS-3 1 0.692

6 SS-3 2 0.670



6 SS-3 3 0.675

6 SS-4 1 1.356

6 SS-4 2 1.328

6 SS-4 3 1.339

6 SS-5 1 3.348

6 SS-5 2 3.400

6 SS-5 3 3.422

6 SS-6 1 6.640

6 SS-6 2 6.697

6 SS-6 3 6.583

6 Sal-SB 1 0.329 0.276

6 Sal-SB 2 0.343 0.288

6 Sal-SB 3 0.335 0.281

6 Sal-SC 1 0.607 0.511

6 Sal-SC 2 0.590 0.497

6 Sal-SC 3 0.573 0.481

6 Sal-SD 1 0.709 0.594

6 Sal-SD 2 0.738 0.621

6 Sal-SD 3 0.732 0.614

6 Sal-SE 1 0.931 0.779

6 Sal-SE 2 0.914 0.766

6 Sal-SE 3 0.931 0.779

6 Sal-SF 1 1.169 0.981

6 Sal-SF 2 1.186 0.997

6 Sal-SF 3 1.192 0.999

6 Sal-SG 1 2.304 1.936

6 Sal-SG 2 2.310 1.940

6 Sal-SG 3 2.361 1.979

8 SS-1 1 0.106

8 SS-1 2 0.105

8 SS-1 3 0.102

8 SS-2 1 0.279

8 SS-2 2 0.273

8 SS-2 3 0.272

8 SS-3 1 0.548

8 SS-3 2 0.546

8 SS-3 3 0.554

8 SS-4 1 1.086

8 SS-4 2 1.092

8 SS-4 3 1.074

8 SS-5 1 2.712

8 SS-5 2 2.721

8 SS-5 3 2.755

8 SS-6 1 5.314

8 SS-6 2 5.348

8 SS-6 3 5.488

8 Sal-SB 1 0.265 0.280

8 Sal-SB 2 0.266 0.280

8 Sal-SB 3 0.270 0.285

8 Sal-SC 1 0.472 0.494

8 Sal-SC 2 0.465 0.487

8 Sal-SC 3 0.468 0.489

8 Sal-SD 1 0.579 0.605

8 Sal-SD 2 0.573 0.598

8 Sal-SD 3 0.582 0.608

8 Sal-SE 1 0.741 0.772

8 Sal-SE 2 0.761 0.792

8 Sal-SE 3 0.755 0.787

8 Sal-SF 1 0.922 0.959

8 Sal-SF 2 0.932 0.970

8 Sal-SF 3 0.970 1.010

8 Sal-SG 1 1.912 1.984

8 Sal-SG 2 1.909 1.982

8 Sal-SG 3 1.902 1.977

9D SS-1 1 0.639

9D SS-1 2 0.596

9D SS-1 3 0.583

9D SS-2 1 0.868

9D SS-2 2 0.839

9D SS-2 3 0.838

9D SS-3 1 1.230

9D SS-3 2 1.227

9D SS-3 3 1.245

9D SS-4 1 2.053

9D SS-4 2 2.051

9D SS-4 3 2.132

9D SS-5 1 4.659

9D SS-5 2 4.642

9D SS-5 3 4.543

9D SS-6 1 8.769

9D SS-6 2 8.739

9D SS-6 3 8.881

9D Sal-SB 1 0.781 0.235



9D Sal-SB 2 0.746 0.211

9D Sal-SB 3 0.795 0.245

9D Sal-SC 1 1.033 0.409

9D Sal-SC 2 1.237 0.551

9D Sal-SC 3 1.000 0.386

9D Sal-SD 1 1.189 0.517

9D Sal-SD 2 1.229 0.545

9D Sal-SD 3 1.172 0.506

9D Sal-SE 1 1.465 0.708

9D Sal-SE 2 1.484 0.721

9D Sal-SE 3 1.444 0.694

9D Sal-SF 1 1.783 0.928

9D Sal-SF 2 1.832 0.962

9D Sal-SF 3 1.838 0.966

9D Sal-SG 1 3.065 1.813

9D Sal-SG 2 2.993 1.764

9D Sal-SG 3 3.046 1.800

10 SS-1 1 0.114

10 SS-1 2 0.112

10 SS-1 3 0.112

10 SS-2 1 0.287

10 SS-2 2 0.282

10 SS-2 3 0.303

10 SS-3 1 0.562

10 SS-3 2 0.582

10 SS-3 3 0.543

10 SS-4 1 1.205

10 SS-4 2 1.203

10 SS-4 3 1.122

10 SS-5 1 2.881

10 SS-5 2 2.816

10 SS-5 3 2.875

10 SS-6 1 5.655

10 SS-6 2 5.440

10 SS-6 3 5.674

10 Sal-SB 1 0.281 0.280

10 Sal-SB 2 0.291 0.289

10 Sal-SB 3 0.289 0.287

10 Sal-SC 1 0.497 0.494

10 Sal-SC 2 0.509 0.506

10 Sal-SC 3 0.488 0.485

10 Sal-SD 1 0.622 0.617

10 Sal-SD 2 0.615 0.610

10 Sal-SD 3 0.619 0.615

10 Sal-SE 1 0.793 0.787

10 Sal-SE 2 0.799 0.794

10 Sal-SE 3 0.802 0.796

10 Sal-SF 1 1.001 0.995

10 Sal-SF 2 1.003 0.996

10 Sal-SF 3 1.007 0.999

10 Sal-SG 1 1.978 1.963

10 Sal-SG 2 1.920 1.905

10 Sal-SG 3 1.983 1.964

11 SS-1 1 0.135

11 SS-1 2 0.116

11 SS-1 3 0.126

11 SS-2 1 0.266

11 SS-2 2 0.340

11 SS-2 3 0.201

11 SS-3 1 0.942

11 SS-3 2 0.467

11 SS-3 3 0.427

11 SS-4 1 1.108

11 SS-4 2 1.184

11 SS-4 3 0.993

11 SS-5 1 2.832

11 SS-5 2 3.626

11 SS-5 3 3.139

11 SS-6 1 5.908

11 SS-6 2 5.473

11 SS-6 3 5.764

11 Sal-SB 1 0.342 0.334

11 Sal-SB 2 0.398 0.390

11 Sal-SB 3 0.322 0.313

11 Sal-SC 1 0.568 0.561

11 Sal-SC 2 0.577 0.570

11 Sal-SC 3 0.579 0.572

11 Sal-SD 1 0.834 0.829

11 Sal-SD 2 0.619 0.612

11 Sal-SD 3 0.468 0.461

11 Sal-SE 1 1.010 1.006

11 Sal-SE 2 0.977 0.974

11 Sal-SE 3 0.667 0.661



11 Sal-SF 1 1.001 0.998

11 Sal-SF 2 1.495 1.495

11 Sal-SF 3 1.036 1.033

11 Sal-SG 1 2.032 2.037

11 Sal-SG 2 2.577 2.586

11 Sal-SG 3 2.906 2.917

12 SS-1 1 0.070

12 SS-1 2 0.109

12 SS-1 3 0.134

12 SS-2 1 0.335

12 SS-2 2 0.344

12 SS-2 3 0.322

12 SS-3 1 0.534

12 SS-3 2 1.135

12 SS-3 3 0.311

12 SS-4 1 1.602

12 SS-4 2 1.153

12 SS-4 3 1.316

12 SS-5 1 3.075

12 SS-5 2 3.559

12 SS-5 3 3.409

12 SS-6 1 5.374

12 SS-6 2 5.743

12 SS-6 3 7.821

12 Sal-SB 1 0.493 0.429

12 Sal-SB 2 0.355 0.316

12 Sal-SB 3 0.383 0.339

12 Sal-SC 1 0.554 0.481

12 Sal-SC 2 0.571 0.495

12 Sal-SC 3 0.575 0.498

12 Sal-SD 1 0.695 0.598

12 Sal-SD 2 0.678 0.584

12 Sal-SD 3 0.641 0.552

12 Sal-SE 1 0.712 0.617

12 Sal-SE 2 0.768 0.660

12 Sal-SE 3 0.874 0.638

12 Sal-SF 1 1.283 0.950

12 Sal-SF 2 0.997 0.855

12 Sal-SF 3 1.198 1.028

12 Sal-SG 1 2.598 2.328

12 Sal-SG 2 3.057 2.789

12 Sal-SG 3 3.144 2.878



















SAMPLES ARRAYED FOR STATISTICAL ANALYSES (Urine only)

Reported Concentrations (nmol/mL) ECC Corrected  Concentrations (nmol/mL)

LAB Sample Rep NIC NICG COT COTG 3HC 3HCG TotNIC NIC NICG COT COTG 3HC 3HCG TotNIC

3 US-1 1 0.770 0.340 0.732 0.536 0.978 0.849 4.206

3 US-1 2 0.733 0.316 0.738 0.534 0.957 0.868 4.147

3 US-1 3 0.764 0.343 0.726 0.553 0.962 0.811 4.161

3 US-2 1 1.541 0.659 1.447 1.090 1.956 1.584 8.277

3 US-2 2 1.448 0.624 1.453 1.115 1.909 1.712 8.262

3 US-2 3 1.510 0.644 1.509 1.101 1.956 1.658 8.379

3 US-3 1 3.624 1.688 3.598 2.895 4.750 3.975 20.529

3 US-3 2 3.797 1.735 3.615 2.784 4.849 3.975 20.754

3 US-3 3 3.661 1.637 3.581 2.759 4.869 4.029 20.536

3 US-4 1 7.581 3.399 7.377 5.903 10.041 8.031 42.332

3 US-4 2 7.766 3.251 7.320 5.818 9.624 7.949 41.729

3 US-4 3 7.520 3.310 7.093 5.960 9.832 7.704 41.420

3 US-5 1 16.457 6.472 14.244 11.636 19.769 15.871 84.449

3 US-5 2 15.533 6.797 14.017 11.608 19.769 15.898 83.621

3 US-5 3 15.348 7.123 14.471 12.005 19.145 17.096 85.186

3 US-6 1 37.229 16.816 32.289 28.012 44.844 37.840 197.030

3 US-6 2 37.475 16.669 33.538 29.516 47.498 36.206 200.902

3 US-6 3 37.845 17.673 34.559 30.368 47.446 39.745 207.636

3 Ur-SA 1 5.843 1.398 6.299 4.115 6.243 4.165 28.063 4.743 1.288 4.951 4.062 6.640 2.724 24.409

3 Ur-SA 2 5.960 1.392 6.356 4.342 6.503 4.192 28.746 4.834 1.282 4.969 4.272 6.924 2.729 25.011

3 Ur-SA 3 6.102 1.504 6.469 4.200 6.243 4.111 28.629 4.952 1.385 5.071 4.134 6.640 2.691 24.874

3 Ur-SB 1 3.957 1.129 10.441 4.257 15.867 9.310 44.962 3.212 1.041 8.265 4.183 16.991 6.124 39.815

3 Ur-SB 2 4.136 1.197 10.612 4.427 16.075 8.956 45.404 3.356 1.103 8.371 4.362 17.237 5.895 40.324

3 Ur-SB 3 4.068 1.182 10.725 4.342 16.179 9.446 45.943 3.301 1.088 8.479 4.278 17.349 6.211 40.707

3 Ur-SC 1 3.107 1.265 8.512 3.349 18.937 8.303 43.472 2.523 1.165 6.707 3.318 20.309 5.461 39.483

3 Ur-SC 2 3.082 1.436 8.512 3.548 19.249 8.248 44.075 2.503 1.322 6.695 3.503 20.664 5.419 40.107

3 Ur-SC 3 2.977 1.227 8.682 3.491 18.937 8.058 43.371 2.420 1.131 6.845 3.445 20.320 5.309 39.470

3 Ur-SD 1 7.273 4.138 8.796 11.778 13.630 10.508 56.123 5.877 3.804 6.934 11.481 14.563 6.926 49.585

3 Ur-SD 2 7.520 4.078 8.966 12.090 13.370 10.481 56.505 6.098 3.729 7.084 11.785 14.314 6.910 49.921

3 Ur-SD 3 7.396 4.167 9.023 12.147 13.526 10.944 57.203 5.988 3.823 7.114 11.834 14.476 7.204 50.438

3 Ur-SE 1 20.032 7.921 7.547 14.701 16.856 17.314 84.371 16.231 7.258 5.945 14.316 18.041 11.441 73.232

3 Ur-SE 2 19.847 8.600 7.661 14.758 17.376 17.994 86.237 16.098 7.882 6.009 14.364 18.620 11.891 74.863

3 Ur-SE 3 19.046 8.157 7.377 15.496 16.960 17.722 84.758 15.413 7.471 5.784 15.067 18.195 11.708 73.638

3 Ur-SF 1 11.218 2.178 9.761 12.857 39.434 22.677 98.124 9.117 2.000 7.701 12.529 43.307 14.994 89.648

3 Ur-SF 2 11.896 2.586 9.307 13.084 39.538 22.486 98.896 9.650 2.375 7.357 12.754 43.390 14.860 90.385

3 Ur-SF 3 11.526 2.258 9.363 12.686 38.341 22.976 97.151 9.368 2.074 7.398 12.353 41.997 15.191 88.381

3 Ur-SG 1 28.476 5.408 19.181 18.249 39.122 22.486 132.922 23.080 4.958 15.457 17.705 42.941 14.858 119.000

3 Ur-SG 2 26.997 5.497 19.578 18.902 38.446 21.479 130.898 21.891 5.048 15.793 18.328 42.146 14.201 117.406

3 Ur-SG 3 27.429 5.261 19.351 17.965 41.099 22.758 133.862 22.238 4.826 15.577 17.444 45.201 15.038 120.325

4 US-1 1 0.603 0.298 0.602 0.539 1.040 0.402 3.485

4 US-1 2 0.636 0.313 0.607 0.573 1.087 0.448 3.665

4 US-1 3 0.666 0.307 0.613 0.553 0.983 0.418 3.542

4 US-2 1 1.314 0.618 1.203 1.090 2.169 0.996 7.391

4 US-2 2 1.277 0.632 1.220 1.084 2.154 0.828 7.196

4 US-2 3 1.280 0.641 1.214 1.118 2.138 0.839 7.231

4 US-3 1 3.240 1.534 2.917 2.662 4.287 2.416 17.056

4 US-3 2 3.120 1.498 2.735 2.628 5.067 2.218 17.267

4 US-3 3 3.240 1.546 2.877 2.770 4.739 2.430 17.602

4 US-4 1 6.134 2.923 5.408 5.478 10.353 4.290 34.585

4 US-4 2 6.418 3.015 5.533 5.620 9.052 4.072 33.710

4 US-4 3 6.233 2.899 5.545 5.222 8.636 4.534 33.069

4 US-5 1 12.700 5.911 12.428 10.473 18.885 8.525 68.921

4 US-5 2 12.589 5.940 11.747 10.984 18.052 8.280 67.593

4 US-5 3 12.500 5.852 11.634 10.899 19.353 9.203 69.440

4 US-6 1 29.437 13.565 26.616 26.679 45.105 18.516 159.917

4 US-6 2 29.992 14.186 27.751 26.707 45.677 21.067 165.381

4 US-6 3 30.500 14.363 27.864 27.360 50.203 20.307 170.598

4 Ur-SA 1 4.680 1.064 4.875 3.633 5.931 2.139 22.322 3.558 1.052 5.237 3.692 5.424 2.567 21.530

4 Ur-SA 2 4.721 1.120 4.937 3.775 5.827 1.868 22.248 3.591 1.107 5.304 3.817 5.277 2.242 21.338

4 Ur-SA 3 4.598 1.070 4.960 3.604 5.306 2.245 21.784 3.505 1.057 5.332 3.656 4.723 2.694 20.966

4 Ur-SB 1 3.277 0.872 9.477 3.746 15.087 5.158 37.618 2.553 0.862 8.695 3.811 15.489 6.199 37.609

4 Ur-SB 2 3.234 0.863 9.818 3.718 14.983 4.615 37.231 2.524 0.855 9.027 3.762 15.392 5.551 37.110

4 Ur-SB 3 3.271 0.887 9.875 3.746 15.555 4.805 38.139 2.548 0.876 9.075 3.805 16.006 5.789 38.099

4 Ur-SC 1 2.623 1.031 7.434 3.179 16.804 4.452 35.523 2.085 1.019 6.802 3.200 17.377 5.348 35.832

4 Ur-SC 2 2.592 1.005 6.867 3.122 17.532 4.099 35.217 2.062 0.995 6.289 3.157 18.199 4.936 35.638

4 Ur-SC 3 2.660 1.017 7.378 3.236 16.387 4.534 35.211 2.112 1.006 6.721 3.258 16.918 5.445 35.460

4 Ur-SD 1 6.356 3.074 7.945 10.955 12.226 5.973 46.529 6.990 3.321 7.276 11.293 12.360 7.180 48.419

4 Ur-SD 2 6.356 3.103 8.115 11.580 12.850 6.054 48.059 6.996 3.341 7.410 11.937 13.014 7.286 49.984

4 Ur-SD 3 6.011 2.985 7.548 10.473 11.341 5.891 44.249 6.648 3.236 6.893 10.799 11.358 7.075 46.008

4 Ur-SE 1 15.428 5.645 6.526 13.708 15.243 11.348 67.899 16.495 6.093 5.967 14.140 15.675 13.621 71.991

4 Ur-SE 2 15.551 5.704 6.697 13.425 15.763 9.041 66.180 16.613 6.126 6.102 13.839 16.243 10.861 69.784

4 Ur-SE 3 15.400 5.615 6.924 13.623 14.255 10.805 66.622 16.380 6.034 6.303 14.063 14.605 12.984 70.369

4 Ur-SF 1 8.825 1.818 8.626 12.318 34.700 10.751 77.037 9.573 1.972 7.899 12.700 37.146 12.928 82.219

4 Ur-SF 2 8.825 1.891 8.002 12.601 37.977 12.923 82.220 9.583 1.867 7.346 12.988 40.760 15.541 88.084

4 Ur-SF 3 8.701 1.977 7.661 12.403 34.128 12.679 77.549 9.474 1.952 7.026 12.790 36.491 15.230 82.963

4 Ur-SG 1 *3330 4.344 17.649 16.319 32.567 13.520 0.000 21.842 4.694 16.313 16.856 34.746 16.244 110.695

4 Ur-SG 2 20.365 4.285 17.422 17.597 37.509 13.656 110.834 21.636 4.634 16.110 18.172 40.218 16.407 117.176

4 Ur-SG 3 19.933 4.344 17.252 16.234 34.856 12.136 104.755 21.159 4.696 15.970 16.757 37.286 14.583 110.450

5 US-1 1 0.347 0.000 0.477 0.361 1.030 0.423 2.638

5 US-1 2 0.436 0.139 0.457 0.391 1.020 0.386 2.829



5 US-1 3 0.355 0.000 0.436 0.373 0.953 0.412 2.529

5 US-2 1 0.938 0.276 1.330 0.814 1.989 0.769 6.116

5 US-2 2 0.966 0.233 1.311 0.874 1.989 0.700 6.072

5 US-2 3 1.178 0.259 1.393 0.842 1.838 0.636 6.147

5 US-3 1 2.842 0.706 3.134 1.911 4.370 1.499 14.463

5 US-3 2 2.733 0.801 3.190 2.021 4.405 1.650 14.801

5 US-3 3 2.422 0.981 2.650 1.856 4.292 1.436 13.639

5 US-4 1 5.061 1.875 6.116 3.627 8.614 2.956 28.249

5 US-4 2 5.258 1.726 5.470 3.803 7.648 2.796 26.702

5 US-4 3 5.283 2.477 5.175 3.576 7.908 3.014 27.433

5 US-5 1 12.739 4.630 10.908 6.591 14.106 5.219 54.193

5 US-5 2 11.917 3.678 11.602 7.190 15.031 5.490 54.908

5 US-5 3 12.534 3.941 11.223 6.591 15.031 6.184 55.503

5 US-6 1 25.951 11.756 22.447 14.285 30.119 12.217 116.775

5 US-6 2 31.711 11.198 24.275 14.380 29.079 12.458 123.101

5 US-6 3 31.779 11.296 20.996 13.150 29.252 10.437 116.911

5 Ur-SA 1 4.383 0.712 4.665 2.747 5.619 1.423 19.549 5.126 1.245 4.817 4.351 8.746 2.791 27.076

5 Ur-SA 2 4.475 0.830 4.733 2.657 5.411 1.458 19.564 5.240 1.434 4.887 4.205 8.419 2.856 27.042

5 Ur-SA 3 4.363 0.742 5.309 2.785 6.070 1.243 20.511 4.642 1.235 5.306 4.454 8.067 2.029 25.733

5 Ur-SB 1 3.390 0.729 8.575 2.696 13.585 3.041 32.017 3.653 1.212 8.565 4.291 18.806 6.028 42.554

5 Ur-SB 2 2.897 0.470 7.150 2.841 13.817 3.409 30.583 3.475 0.822 7.972 4.557 19.184 6.127 42.136

5 Ur-SB 3 2.570 0.600 8.512 2.696 13.007 3.258 30.644 3.043 1.064 8.490 4.291 20.637 6.562 44.086

5 Ur-SC 1 2.459 0.755 7.314 2.558 16.013 3.710 32.809 2.700 1.249 7.302 4.082 22.354 6.709 44.396

5 Ur-SC 2 2.438 0.476 6.557 2.274 15.088 2.881 29.715 2.684 0.831 6.576 3.599 20.977 5.126 39.793

5 Ur-SC 3 2.472 0.378 7.125 2.510 15.724 3.077 31.286 2.699 0.681 7.128 3.989 21.826 5.476 41.799

5 Ur-SD 1 6.287 2.243 7.945 7.915 11.389 3.861 39.640 6.610 3.883 7.970 12.952 15.705 6.940 54.060

5 Ur-SD 2 6.363 2.141 8.134 7.505 12.025 3.439 39.606 6.679 3.350 8.123 12.272 16.651 6.175 53.250

5 Ur-SD 3 6.301 2.226 7.566 7.064 11.331 3.258 37.746 6.627 3.479 7.576 11.534 15.654 6.542 51.414

5 Ur-SE 1 14.500 3.520 4.900 8.000 13.700 5.100 49.720 16.652 6.025 5.446 14.555 21.153 10.373 74.205

5 Ur-SE 2 14.600 3.470 4.930 7.970 14.000 5.260 50.230 16.763 5.941 5.472 14.514 21.745 10.723 75.157

5 Ur-SE 3 13.400 3.750 5.010 8.040 13.900 4.920 49.020 15.376 6.425 5.586 14.633 21.449 10.015 73.483

5 Ur-SF 1 8.767 1.051 7.503 7.190 28.732 5.852 59.095 9.120 1.698 7.462 11.792 40.418 10.754 81.244

5 Ur-SF 2 8.506 1.197 7.604 7.777 27.003 6.326 58.413 9.814 2.022 7.609 12.289 43.322 12.798 87.854

5 Ur-SF 3 8.561 1.343 8.134 6.654 28.269 6.063 59.024 8.898 2.139 8.140 10.838 39.830 11.157 81.001

5 Ur-SG 1 21.985 3.678 16.268 11.100 28.038 6.606 87.675 22.627 5.702 16.246 18.246 39.489 12.128 114.438

5 Ur-SG 2 23.400 3.090 14.000 10.100 29.500 7.320 87.410 26.740 5.295 15.506 18.410 46.389 15.045 127.384

5 Ur-SG 3 23.287 2.180 14.754 8.388 28.385 5.309 82.304 24.017 3.410 14.754 13.722 39.899 9.668 105.469

6 US-1 1 0.247 0.384 0.681 0.653 0.937 0.733 3.634

6 US-1 2 0.432 0.325 0.568 0.624 0.832 0.733 3.514

6 US-1 3 0.308 0.384 0.397 0.653 0.624 0.760 3.127

6 US-2 1 0.617 0.798 0.738 1.277 1.093 1.466 5.988

6 US-2 2 0.678 0.857 0.965 1.306 1.405 1.520 6.731

6 US-2 3 0.493 0.798 1.135 1.277 1.613 1.520 6.837

6 US-3 1 1.850 2.039 2.043 3.179 2.966 3.693 15.769

6 US-3 2 2.219 1.951 2.611 3.150 3.850 3.638 17.420

6 US-3 3 2.281 2.157 3.008 3.236 4.527 3.557 18.765

6 US-4 1 5.117 4.256 5.505 6.357 7.856 7.385 36.477

6 US-4 2 5.117 4.167 5.902 6.499 8.533 7.304 37.523

6 US-4 3 4.254 4.374 5.051 6.471 7.336 7.304 34.790

6 US-5 1 8.878 8.482 8.967 12.687 12.591 14.363 65.968

6 US-5 2 9.125 8.659 11.180 12.829 16.337 14.988 73.118

6 US-5 3 10.604 8.482 11.067 12.545 16.701 14.689 74.088

6 US-6 1 23.181 20.511 24.234 30.567 35.328 34.591 168.412

6 US-6 2 18.372 21.368 19.296 32.043 28.200 36.302 155.581

6 US-6 3 24.784 21.368 26.050 31.844 39.178 36.465 179.689

6 Ur-SA 1 3.514 2.778 4.427 5.024 4.995 4.236 24.973 4.893 2.031 4.942 4.468 6.959 3.008 26.301

6 Ur-SA 2 2.898 2.837 3.575 5.024 3.694 4.399 22.427 4.103 2.078 3.942 4.470 5.125 3.125 22.843

6 Ur-SA 3 2.528 2.749 3.405 5.222 3.694 4.561 22.159 3.623 2.015 3.765 4.661 5.125 3.241 22.430

6 Ur-SB 1 1.973 1.921 6.867 7.606 10.302 10.725 39.394 2.878 1.419 7.715 6.794 14.383 7.661 40.850

6 Ur-SB 2 2.651 2.010 8.627 7.663 12.747 10.861 44.558 3.747 1.495 9.723 6.834 17.759 7.752 47.310

6 Ur-SB 3 2.219 1.951 6.527 7.493 10.302 10.834 39.325 3.173 1.441 7.342 6.686 14.364 7.733 40.739

6 Ur-SC 1 1.418 1.655 4.994 6.017 11.655 12.300 38.039 2.171 1.241 5.601 5.365 16.269 8.799 39.446

6 Ur-SC 2 2.281 1.714 6.527 6.244 15.088 11.947 43.801 3.281 1.272 7.328 5.560 20.993 8.532 46.967

6 Ur-SC 3 1.418 1.685 5.392 6.074 12.643 12.273 39.484 2.147 1.262 6.042 5.416 17.591 8.774 41.231

6 Ur-SD 1 3.946 4.492 6.073 11.523 9.625 9.856 45.515 5.466 3.276 6.809 10.283 13.394 7.047 46.275

6 Ur-SD 2 3.761 4.492 5.051 10.984 7.960 9.910 42.159 5.180 3.262 5.625 9.786 11.111 7.087 42.051

6 Ur-SD 3 3.576 4.551 5.165 11.211 8.065 9.910 42.477 4.951 3.320 5.762 9.999 11.264 7.083 42.379

6 Ur-SE 1 11.097 10.167 5.675 12.034 12.539 13.630 65.143 14.719 7.353 6.372 10.736 17.471 9.740 66.391

6 Ur-SE 2 10.173 10.551 5.789 12.147 13.007 14.010 65.677 13.564 7.625 6.489 10.821 18.155 10.021 66.675

6 Ur-SE 3 11.837 10.462 6.186 11.580 13.944 13.603 67.612 15.746 7.559 6.928 10.320 19.416 9.715 69.685

6 Ur-SF 1 5.425 5.822 5.051 11.949 20.916 25.930 75.093 7.382 4.219 5.615 10.652 29.176 18.550 75.593

6 Ur-SF 2 6.658 5.586 6.356 11.864 27.003 26.201 83.669 8.984 4.049 7.122 10.591 37.650 18.735 87.131

6 Ur-SF 3 5.857 5.527 6.300 11.693 27.627 25.876 82.880 7.968 4.006 7.098 10.437 38.474 18.500 86.483

6 Ur-SG 1 16.584 13.359 13.848 20.861 27.680 27.043 119.374 21.869 9.646 15.697 18.595 38.563 19.351 123.722

6 Ur-SG 2 14.673 13.388 11.805 20.719 23.725 26.310 110.620 19.435 9.666 13.380 18.489 33.041 18.828 112.839

6 Ur-SG 3 13.132 12.708 11.180 20.151 22.477 26.663 106.311 17.433 9.188 12.648 17.968 31.302 19.069 107.607

7 US-1 1 0.638 0.256 0.582 0.603 1.090 0.507 3.676

7 US-1 2 0.610 0.239 0.553 0.529 0.858 0.503 3.294

7 US-1 3 0.472 0.180 0.431 0.485 0.819 0.393 2.781

7 US-2 1 1.171 0.485 1.056 0.879 1.818 0.905 6.314

7 US-2 2 1.344 0.538 1.209 1.020 1.975 0.995 7.081

7 US-2 3 1.070 0.460 1.010 0.842 1.561 0.862 5.804

7 US-3 1 2.663 1.039 2.253 1.916 3.824 1.716 13.411



7 US-3 2 3.046 1.212 2.716 2.228 4.448 2.161 15.810

7 US-3 3 3.237 1.371 2.866 2.441 4.839 2.555 17.308

7 US-4 1 4.716 1.965 4.086 3.236 6.816 3.610 24.429

7 US-4 2 4.624 1.817 4.115 3.051 6.842 3.203 23.652

7 US-4 3 5.580 2.216 4.739 4.102 7.960 4.372 28.969

7 US-5 1 10.666 4.314 8.995 8.076 15.531 7.448 55.030

7 US-5 2 11.714 4.861 10.244 8.274 17.976 9.164 62.233

7 US-5 3 10.943 4.447 9.932 7.721 15.817 9.240 58.100

7 US-6 1 26.695 10.904 23.978 21.913 46.618 22.013 152.123

7 US-6 2 26.418 10.993 22.957 23.049 45.994 24.047 153.457

7 US-6 3 30.302 11.924 26.107 24.411 49.636 23.996 166.375

7 Ur-SA 1 4.963 0.907 4.994 3.108 6.270 2.529 22.771 5.538 1.233 5.851 4.204 7.715 2.943 27.484

7 Ur-SA 2 3.021 0.556 3.093 1.959 3.928 1.360 13.916 3.325 0.736 3.588 2.578 4.799 1.568 16.594

7 Ur-SA 3 3.113 0.559 3.065 1.831 4.136 1.462 14.165 3.437 0.740 3.546 2.412 5.058 1.687 16.880

7 Ur-SB 1 3.607 0.677 8.740 3.094 15.739 5.452 37.309 4.001 0.906 10.359 4.199 19.493 6.378 45.336

7 Ur-SB 2 3.668 0.733 9.620 3.321 16.337 5.974 39.653 4.058 0.986 11.388 4.506 20.256 6.992 48.186

7 Ur-SB 3 1.930 0.393 4.994 1.888 8.975 3.241 21.421 2.087 0.505 5.869 2.484 11.078 3.787 25.810

7 Ur-SC 1 2.713 0.847 6.867 2.867 17.872 5.643 36.809 2.974 1.148 8.105 3.878 22.171 6.603 44.879

7 Ur-SC 2 2.149 0.697 5.477 2.413 14.646 4.385 29.766 2.335 0.936 6.441 3.219 18.155 5.134 36.221

7 Ur-SC 3 2.044 0.656 5.165 2.384 13.424 3.787 27.460 2.215 0.878 6.057 3.189 16.621 4.419 33.379

7 Ur-SD 1 4.963 2.142 5.562 6.954 9.729 4.830 34.181 5.532 2.990 6.539 9.661 12.020 5.653 42.396

7 Ur-SD 2 4.316 1.906 4.938 6.656 9.079 4.296 31.190 4.798 2.640 5.770 9.237 11.194 5.017 38.656

7 Ur-SD 3 4.501 1.906 4.938 6.486 8.689 4.487 31.006 5.003 2.656 5.779 8.993 10.724 5.253 38.408

7 Ur-SE 1 13.933 4.122 5.023 9.310 12.591 9.227 54.207 15.690 5.788 5.891 12.981 15.584 10.832 66.767

7 Ur-SE 2 14.827 4.462 5.278 9.991 13.215 11.108 58.883 16.732 6.269 6.192 13.946 16.369 13.040 72.547

7 Ur-SE 3 7.429 2.246 2.574 5.478 6.972 5.224 29.923 8.332 3.129 2.955 7.569 8.575 6.113 36.673

7 Ur-SF 1 7.090 1.256 5.250 7.082 23.907 9.621 54.206 7.945 1.726 6.147 9.829 29.681 11.297 66.625

7 Ur-SF 2 8.169 1.365 6.101 8.175 31.842 10.854 66.506 9.158 1.882 7.189 11.379 39.247 12.750 81.604

7 Ur-SF 3 6.042 1.074 4.455 6.812 21.852 8.516 48.751 6.743 1.469 5.220 9.458 27.119 9.991 59.999

7 Ur-SG 1 18.187 3.132 12.344 10.062 27.471 12.112 83.310 20.539 4.380 14.647 14.060 33.882 14.230 101.738

7 Ur-SG 2 16.554 2.793 11.464 9.878 25.260 9.685 75.633 18.662 3.898 13.595 13.787 31.379 11.361 92.681

7 Ur-SG 3 19.667 3.206 13.082 10.219 33.715 13.371 93.259 22.221 4.484 15.550 14.284 41.590 15.752 113.880

8 US-1 1 0.518 0.521 0.577 0.487 1.181 0.232 3.516

8 US-1 2 0.636 0.445 0.587 0.449 1.147 0.223 3.487

8 US-1 3 0.337 0.470 0.484 0.426 1.003 0.188 2.908

8 US-2 1 1.167 0.594 1.252 0.915 2.306 0.502 6.736

8 US-2 2 1.234 0.608 1.109 0.951 2.299 0.511 6.712

8 US-2 3 0.962 0.420 0.692 0.654 1.479 0.299 4.506

8 US-3 1 3.183 1.636 2.797 2.419 5.506 1.272 16.813

8 US-3 2 3.041 1.756 2.748 2.354 5.470 1.410 16.779

8 US-3 3 3.035 1.548 2.941 2.533 5.386 1.249 16.692

8 US-4 1 5.788 3.647 5.713 4.953 9.824 2.778 32.703

8 US-4 2 5.867 3.281 5.546 4.460 10.892 2.572 32.618

8 US-4 3 6.208 3.119 5.194 4.860 10.714 2.872 32.967

8 US-5 1 12.426 6.800 11.539 9.783 22.278 5.645 68.471

8 US-5 2 10.344 5.762 9.921 8.482 16.456 4.559 55.524

8 US-5 3 11.204 7.050 11.902 9.931 20.417 5.952 66.456

8 US-6 1 31.916 17.385 28.495 26.536 54.016 14.789 173.137

8 US-6 2 31.311 19.147 28.702 24.324 50.813 14.957 169.254

8 US-6 3 32.410 18.315 29.437 25.380 51.404 15.486 172.432

8 Ur-SA 1 4.675 1.292 5.166 3.387 6.724 1.052 22.296 4.801 1.134 5.182 3.984 6.518 2.062 23.680

8 Ur-SA 2 4.727 1.187 4.952 3.535 6.820 1.288 22.509 4.865 1.033 4.977 4.137 6.643 2.486 24.142

8 Ur-SA 3 4.775 0.933 4.308 3.188 6.726 0.898 20.828 4.915 0.795 4.332 3.751 6.540 1.776 22.110

8 Ur-SB 1 3.096 1.130 8.915 3.544 17.875 3.674 38.234 3.209 0.982 8.954 4.162 17.468 6.835 41.610

8 Ur-SB 2 3.019 0.836 8.041 3.664 18.415 3.462 37.437 3.145 0.707 8.078 4.307 18.032 6.491 40.759

8 Ur-SB 3 3.024 1.229 8.865 3.708 18.070 3.039 37.935 3.149 1.072 8.899 4.346 17.685 5.718 40.870

8 Ur-SC 1 2.793 0.991 7.100 3.729 19.614 3.496 37.723 2.905 0.850 7.146 4.387 19.226 6.534 41.049

8 Ur-SC 2 2.317 2.562 6.888 3.523 20.612 3.752 39.654 2.441 2.340 6.909 4.127 20.134 7.004 42.955

8 Ur-SC 3 2.464 1.167 6.850 3.341 19.516 3.270 36.608 2.594 1.024 6.889 3.926 19.078 6.120 39.630

8 Ur-SD 1 6.042 2.952 7.515 10.752 13.977 3.908 45.146 6.173 2.710 7.552 12.570 13.632 7.259 49.896

8 Ur-SD 2 6.077 2.956 7.102 11.500 14.772 4.458 46.865 6.224 2.711 7.135 13.442 14.437 8.272 52.221

8 Ur-SD 3 5.733 2.916 7.692 11.926 14.596 4.342 47.205 5.878 2.680 7.719 13.912 14.274 8.116 52.579

8 Ur-SE 1 16.072 5.224 7.078 13.565 18.506 8.940 69.385 16.224 4.869 7.110 15.779 18.102 16.479 78.564

8 Ur-SE 2 16.603 7.416 6.654 13.493 18.120 9.038 71.324 16.803 6.957 6.680 15.770 17.735 16.673 80.618

8 Ur-SE 3 15.707 5.808 6.779 13.952 18.465 8.869 69.580 15.898 5.413 6.812 16.322 18.075 16.351 78.871

8 Ur-SF 1 9.439 2.173 7.964 12.341 44.349 9.591 85.857 9.604 1.969 8.006 14.371 43.433 17.679 95.063

8 Ur-SF 2 9.530 1.316 8.165 12.229 40.982 7.929 80.151 9.655 1.159 8.200 14.274 40.092 14.640 88.020

8 Ur-SF 3 9.605 1.642 7.948 12.247 43.610 9.047 84.099 9.800 1.468 7.975 14.305 42.726 16.677 92.952

8 Ur-SG 1 20.902 3.953 16.535 18.265 41.454 10.641 111.750 21.010 3.655 16.593 21.275 40.609 19.568 122.710

8 Ur-SG 2 23.085 5.400 16.556 18.640 40.489 11.840 116.010 23.202 5.044 16.627 21.795 39.683 21.773 128.125

8 Ur-SG 3 21.874 4.744 17.371 18.029 43.774 11.869 117.661 21.977 4.414 17.433 20.958 42.922 21.830 129.534

9 US-1 1 0.464 0.089 0.460 0.412 0.823 0.261 2.509

9 US-1 2 0.636 0.113 0.463 0.443 1.047 0.293 2.995

9 US-1 3 0.549 0.101 0.474 0.446 0.927 0.274 2.771

9 US-2 1 1.315 0.292 1.102 0.903 1.948 0.516 6.076

9 US-2 2 1.204 0.299 1.017 0.938 1.891 0.451 5.798

9 US-2 3 1.235 0.302 0.949 0.938 2.182 0.519 6.123

9 US-3 1 3.136 0.769 2.642 2.270 4.740 1.330 14.887

9 US-3 2 2.994 0.860 2.528 2.108 5.208 1.189 14.888

9 US-3 3 3.136 0.801 2.523 2.063 4.484 1.208 14.215

9 US-4 1 6.031 1.842 5.284 3.892 8.802 2.455 28.306

9 US-4 2 6.235 1.777 5.227 4.347 9.167 2.674 29.427

9 US-4 3 6.358 1.641 5.045 3.892 9.479 2.596 29.011



9 US-5 1 11.543 3.489 9.830 8.295 19.323 5.050 57.530

9 US-5 2 11.914 3.312 9.716 7.784 20.417 4.996 58.138

9 US-5 3 11.728 3.341 10.852 8.778 21.094 5.322 61.116

9 US-6 1 27.901 7.688 22.216 20.227 43.698 11.214 132.944

9 US-6 2 29.753 8.841 26.477 20.597 47.656 13.087 146.411

9 US-6 3 30.741 8.161 26.080 21.278 48.750 12.490 147.499

9 Ur-SA 1 4.988 0.582 4.892 2.713 5.990 1.241 20.406 5.072 1.146 5.565 3.660 6.515 2.551 24.510

9 Ur-SA 2 4.488 0.580 4.591 2.778 5.521 1.309 19.266 4.571 1.147 5.228 3.737 5.937 2.703 23.323

9 Ur-SA 3 4.778 0.547 4.807 2.869 5.573 1.254 19.828 4.867 1.082 5.473 3.884 6.075 2.577 23.957

9 Ur-SB 1 3.426 0.426 8.182 3.068 15.677 2.769 33.548 3.493 0.871 9.187 4.140 16.957 5.754 40.402

9 Ur-SB 2 2.272 0.328 6.023 2.332 11.302 2.007 24.264 2.340 0.700 6.794 3.141 12.224 4.174 29.373

9 Ur-SB 3 3.512 0.461 8.409 2.983 18.125 2.851 36.342 3.582 0.934 9.423 4.001 19.612 5.914 43.465

9 Ur-SC 1 2.389 0.503 5.739 2.474 16.823 2.905 30.833 2.445 1.006 6.474 3.328 18.186 6.027 37.466

9 Ur-SC 2 2.389 0.500 5.966 2.585 17.240 2.851 31.530 2.451 1.000 6.751 3.466 18.599 5.879 38.146

9 Ur-SC 3 2.432 0.479 5.966 2.634 20.365 2.539 34.414 2.492 0.960 6.780 3.554 22.040 5.280 41.105

9 Ur-SD 1 6.173 1.827 6.420 9.375 14.375 3.584 41.755 6.301 3.338 7.299 12.755 15.551 7.521 52.763

9 Ur-SD 2 5.821 1.789 6.705 7.614 13.177 3.394 38.499 5.911 3.268 7.545 10.337 14.261 7.064 48.387

9 Ur-SD 3 5.765 1.780 6.193 8.324 13.594 3.421 39.077 5.852 3.256 7.026 11.343 14.691 7.129 49.298

9 Ur-SE 1 15.000 3.282 5.313 11.477 16.719 6.462 58.253 15.208 5.881 6.030 15.629 18.045 13.525 74.318

9 Ur-SE 2 16.728 3.282 5.506 10.881 16.354 6.109 58.860 16.915 5.876 6.251 14.832 17.749 12.725 74.348

9 Ur-SE 3 16.173 3.400 5.659 12.472 15.208 6.055 58.967 16.317 6.112 6.415 16.953 16.481 12.626 74.905

9 Ur-SF 1 9.321 1.056 6.705 10.426 39.271 7.331 74.109 9.431 1.985 7.613 14.227 42.427 15.355 91.037

9 Ur-SF 2 9.568 1.088 7.102 10.170 38.906 7.304 74.139 9.701 2.034 7.991 13.823 41.911 15.277 90.736

9 Ur-SF 3 9.383 1.162 6.989 10.369 35.990 7.385 71.278 9.526 2.166 7.907 14.166 38.877 15.410 88.053

9 Ur-SG 1 20.617 2.466 13.750 13.153 32.604 7.059 89.650 20.862 4.469 15.052 17.899 35.190 14.767 108.239

9 Ur-SG 2 20.309 2.569 12.898 13.580 36.042 7.087 92.484 20.558 4.639 14.174 18.546 38.858 14.724 111.499

9 Ur-SG 3 20.185 2.504 12.841 13.267 36.250 7.331 92.379 20.410 4.535 14.093 18.048 39.256 15.267 111.610

10 US-1 1 0.709 0.390 0.596 0.566 0.827 0.447 3.534

10 US-1 2 0.647 0.374 0.573 0.573 0.921 0.439 3.528

10 US-1 3 0.795 0.390 0.619 0.553 0.864 0.429 3.649

10 US-2 1 1.264 0.672 1.163 1.158 1.790 0.895 6.941

10 US-2 2 1.282 0.690 1.135 1.112 1.712 0.869 6.800

10 US-2 3 1.399 0.715 1.180 1.192 1.826 0.963 7.275

10 US-3 1 3.322 1.566 2.991 2.894 4.740 2.237 17.750

10 US-3 2 3.378 1.744 3.076 3.047 5.047 2.315 18.608

10 US-3 3 3.230 1.516 2.968 2.951 4.922 2.274 17.861

10 US-4 1 6.164 3.230 5.624 6.015 9.781 4.344 35.159

10 US-4 2 6.411 3.279 5.902 6.185 9.886 4.620 36.283

10 US-4 3 6.534 3.162 5.731 6.015 9.938 4.256 35.636

10 US-5 1 13.006 6.780 11.633 13.279 21.384 9.313 75.396

10 US-5 2 13.130 6.534 11.520 12.938 20.864 8.741 73.726

10 US-5 3 12.821 6.596 11.690 12.825 20.447 8.741 73.120

10 US-6 1 31.683 16.273 26.671 32.062 48.959 22.320 177.970

10 US-6 2 30.636 16.027 25.820 30.530 46.618 19.771 169.401

10 US-6 3 29.588 15.472 25.480 30.814 46.150 22.112 169.615

10 Ur-SA 1 4.857 1.116 4.999 3.779 5.411 2.102 22.265 4.576 0.994 4.956 3.572 5.921 2.468 22.487

10 Ur-SA 2 5.141 1.270 5.300 4.131 5.723 2.159 23.724 4.842 1.136 5.289 3.908 6.266 2.534 23.974

10 Ur-SA 3 4.845 1.220 5.130 3.944 5.567 2.164 22.871 4.587 1.092 5.095 3.732 6.112 2.543 23.161

10 Ur-SB 1 3.390 0.999 8.739 4.074 15.661 5.151 38.014 3.147 0.890 8.842 3.844 16.656 6.065 39.444

10 Ur-SB 2 3.587 0.968 9.250 4.279 15.557 4.984 38.625 3.360 0.855 9.337 4.037 16.550 5.903 40.040

10 Ur-SB 3 3.507 0.925 8.853 4.069 15.817 5.135 38.305 3.265 0.818 8.938 3.846 16.835 6.073 39.775

10 Ur-SC 1 2.743 1.110 6.923 3.229 17.326 4.657 35.987 2.549 0.987 6.946 3.066 18.398 5.488 37.435

10 Ur-SC 2 2.651 1.091 7.037 3.257 17.534 4.828 36.398 2.453 0.971 7.069 3.089 18.599 5.680 37.861

10 Ur-SC 3 2.509 1.147 6.810 3.076 17.066 4.324 34.930 2.325 1.017 6.828 2.926 18.149 5.086 36.331

10 Ur-SD 1 6.780 3.705 7.604 13.563 13.111 6.243 51.007 6.457 3.454 7.645 12.356 14.020 7.368 51.301

10 Ur-SD 2 6.349 3.446 7.037 13.109 12.383 5.671 47.994 6.094 3.207 7.033 11.965 13.248 6.725 48.270

10 Ur-SD 3 6.596 3.544 7.320 13.392 13.111 6.348 50.312 6.243 3.310 7.376 12.208 13.995 7.486 50.618

10 Ur-SE 1 16.828 5.955 6.185 15.265 15.193 11.550 70.976 16.646 5.670 6.157 13.801 16.191 13.692 72.157

10 Ur-SE 2 15.842 5.776 6.072 14.754 14.776 11.394 68.614 15.490 5.492 6.054 13.391 15.768 13.498 69.693

10 Ur-SE 3 16.705 5.788 6.185 15.379 15.869 11.030 70.956 16.399 5.502 6.208 13.963 16.895 13.088 72.056

10 Ur-SF 1 10.047 2.429 7.434 14.414 34.183 9.938 78.445 9.675 2.234 7.499 13.130 35.544 11.820 79.901

10 Ur-SF 2 10.232 2.336 7.547 15.038 35.172 10.354 80.679 9.899 2.140 7.612 13.658 36.545 12.315 82.169

10 Ur-SF 3 9.924 2.379 7.547 15.322 35.848 10.354 81.375 9.535 2.186 7.572 13.946 37.142 12.222 82.604

10 Ur-SG 1 22.930 5.289 16.003 20.089 35.952 14.568 114.831 22.882 5.017 16.377 18.013 37.233 17.254 116.776

10 Ur-SG 2 23.239 5.276 15.776 18.443 35.432 15.140 113.306 23.198 4.997 16.162 16.586 36.825 18.021 115.789

10 Ur-SG 3 22.006 5.394 15.832 19.408 34.807 15.088 112.535 21.787 5.116 16.226 17.514 36.139 18.000 114.781

11 US-1 1 0.455 0.000 0.871 0.753 0.787 0.409 3.275

11 US-1 2 0.530 0.000 0.507 0.730 0.808 0.449 3.024

11 US-1 3 0.540 0.000 0.700 0.760 0.775 0.627 3.402

11 US-2 1 1.007 0.406 0.834 1.390 1.392 0.759 5.789

11 US-2 2 1.105 0.392 1.100 1.389 1.594 0.723 6.304

11 US-2 3 1.150 0.375 1.251 1.295 1.429 0.702 6.204

11 US-3 1 2.985 1.100 2.700 3.332 5.564 1.741 17.422

11 US-3 2 3.133 1.160 2.461 3.457 6.229 1.889 18.329

11 US-3 3 3.264 1.114 2.724 3.525 5.220 1.922 17.770

11 US-4 1 6.194 2.405 5.756 6.849 8.219 3.434 32.858

11 US-4 2 6.265 2.397 5.232 6.933 8.444 3.521 32.792

11 US-4 3 6.166 2.406 5.200 6.862 8.654 3.484 32.772

11 US-5 1 12.769 5.006 11.117 14.161 17.738 7.023 67.814

11 US-5 2 12.919 4.955 11.300 13.939 16.406 6.685 66.206

11 US-5 3 12.945 5.049 12.458 14.519 16.710 7.016 68.698

11 US-6 1 33.377 12.736 28.701 34.973 45.523 16.800 172.111

11 US-6 2 32.223 12.454 32.100 34.432 42.047 17.644 170.899



11 US-6 3 32.175 12.473 29.702 35.245 49.514 18.790 177.899

11 Ur-SA 1 5.112 0.898 4.872 5.009 5.131 3.038 24.059 5.022 1.236 4.888 4.093 6.097 4.468 25.804

11 Ur-SA 2 4.900 0.889 4.861 4.733 5.587 2.595 23.565 4.821 1.226 4.877 3.864 6.624 3.781 25.194

11 Ur-SA 3 4.778 0.826 4.926 4.907 5.583 2.503 23.523 4.704 1.149 4.941 4.009 6.620 3.661 25.084

11 Ur-SB 1 3.336 0.720 8.000 4.953 14.578 5.501 37.088 3.321 1.016 8.004 4.043 17.032 8.178 41.594

11 Ur-SB 2 3.233 0.739 8.100 4.744 13.102 4.680 34.598 3.229 1.043 8.143 3.875 15.324 6.904 38.518

11 Ur-SB 3 3.389 0.718 8.700 4.949 15.005 5.348 38.110 3.377 1.016 8.765 4.043 17.527 7.925 42.653

11 Ur-SC 1 2.303 0.626 6.432 4.617 17.776 3.635 35.389 2.347 0.914 6.449 3.758 20.734 5.351 39.553

11 Ur-SC 2 2.667 0.573 7.820 5.112 18.139 3.681 37.992 2.687 0.841 7.874 4.174 21.154 5.435 42.165

11 Ur-SC 3 2.366 0.551 7.000 4.863 17.278 4.022 36.079 2.401 0.813 7.052 3.976 20.158 5.951 40.351

11 Ur-SD 1 6.195 2.627 7.600 14.539 13.058 5.189 49.207 6.056 3.341 7.600 11.948 15.272 7.702 51.920

11 Ur-SD 2 6.102 2.612 7.100 14.126 13.814 5.020 48.774 5.968 3.307 7.096 11.606 16.147 7.447 51.571

11 Ur-SD 3 6.187 2.746 7.400 14.080 10.679 4.932 46.023 6.045 3.490 7.399 11.558 12.518 7.319 48.330

11 Ur-SE 1 16.801 6.150 8.846 17.643 27.948 6.597 83.985 16.177 7.584 8.926 14.504 32.509 9.831 89.532

11 Ur-SE 2 17.252 5.353 8.698 18.533 20.455 7.136 77.428 16.613 6.671 8.763 15.237 23.836 10.645 81.765

11 Ur-SE 3 17.260 6.761 10.435 17.869 27.684 6.604 86.613 16.619 8.368 10.510 14.661 32.203 9.843 92.204

11 Ur-SF 1 10.286 1.796 7.828 17.716 48.296 9.600 95.522 9.960 2.332 7.875 14.557 56.064 14.402 105.189

11 Ur-SF 2 10.096 1.589 8.100 15.968 42.873 10.559 89.184 9.781 2.078 8.099 13.124 49.787 15.693 98.562

11 Ur-SF 3 9.892 1.685 8.900 16.696 41.043 10.337 88.553 9.590 2.193 9.008 13.727 47.668 15.462 97.649

11 Ur-SG 1 23.357 4.651 15.548 15.355 36.317 10.456 105.685 22.433 5.824 15.659 12.619 42.197 15.647 114.379

11 Ur-SG 2 23.010 4.420 17.214 14.442 33.165 10.823 103.074 22.096 5.459 17.364 11.855 38.548 16.200 111.522

11 Ur-SG 3 23.997 4.663 16.727 14.134 32.465 9.711 101.697 23.036 5.829 16.866 11.634 37.738 14.392 109.494

14 US-1 1 0.568 0.254 0.603 0.759 0.998 0.323 3.505

14 US-1 2 0.573 0.230 0.590 0.731 0.980 0.400 3.504

14 US-1 3 0.560 0.223 0.557 0.711 0.912 0.427 3.390

14 US-2 1 1.109 0.450 1.076 1.493 1.784 1.084 6.996

14 US-2 2 1.119 0.399 1.109 1.374 1.832 0.885 6.718

14 US-2 3 1.169 0.423 1.166 1.498 1.939 1.002 7.197

14 US-3 1 2.893 1.127 2.691 3.601 4.720 2.302 17.334

14 US-3 2 3.072 0.845 2.936 3.171 5.163 1.418 16.605

14 US-3 3 2.687 0.913 2.583 3.100 4.509 1.550 15.342

14 US-4 1 6.178 2.077 5.744 6.877 10.079 3.976 34.931

14 US-4 2 6.046 1.883 5.684 7.285 9.996 4.136 35.030

14 US-4 3 5.887 2.405 5.324 7.409 9.325 4.849 35.199

14 US-5 1 11.826 4.075 10.808 14.090 18.979 8.508 68.286

14 US-5 2 11.785 4.113 10.837 14.416 19.079 7.999 68.229

14 US-5 3 12.978 3.762 12.043 14.481 21.311 7.957 72.532

14 US-6 1 31.264 10.032 28.933 33.891 51.339 17.568 173.027

14 US-6 2 31.767 11.616 28.588 36.929 50.686 21.960 181.546

14 US-6 3 33.180 8.439 31.227 31.843 55.296 13.109 173.094

14 Ur-SA 1 4.693 0.446 4.956 5.078 6.061 1.852 23.086 4.784 0.659 4.982 4.079 6.394 2.390 23.287

14 Ur-SA 2 4.199 0.575 4.549 4.921 5.550 1.933 21.727 4.286 0.849 4.572 3.953 5.859 2.494 22.014

14 Ur-SA 3 4.498 0.778 4.804 5.536 5.832 2.386 23.834 4.587 1.149 4.829 4.447 6.155 3.079 24.245

14 Ur-SB 1 3.077 0.516 8.287 5.845 14.317 4.556 36.598 3.156 0.762 8.338 4.695 15.020 5.879 37.850

14 Ur-SB 2 2.227 0.334 6.081 4.134 10.518 2.985 26.279 2.301 0.493 6.115 3.320 11.051 3.852 27.132

14 Ur-SB 3 3.094 0.531 8.384 5.819 14.451 3.222 35.501 3.173 0.784 8.436 4.674 15.160 4.157 36.384

14 Ur-SC 1 2.276 0.699 6.169 5.230 16.081 4.856 35.311 2.350 1.032 6.204 4.201 16.863 6.266 36.916

14 Ur-SC 2 2.314 0.656 6.456 4.973 16.864 3.874 35.137 2.388 0.969 6.494 3.994 17.681 4.999 36.524

14 Ur-SC 3 2.277 0.731 6.107 5.440 16.085 5.289 35.929 2.351 1.080 6.205 4.369 16.867 6.825 37.697

14 Ur-SD 1 5.557 2.110 6.684 13.863 11.889 5.114 45.217 5.654 3.117 6.723 11.135 12.483 6.599 45.710

14 Ur-SD 2 5.538 2.280 6.568 14.652 11.692 5.851 46.581 5.635 3.368 6.606 11.769 12.277 7.550 47.204

14 Ur-SD 3 5.573 2.300 6.665 14.631 11.873 5.706 46.748 5.670 3.397 6.703 11.752 12.466 7.363 47.352

14 Ur-SE 1 14.799 3.623 5.695 17.916 15.243 10.162 67.438 14.961 5.352 5.727 14.390 15.987 13.112 69.529

14 Ur-SE 2 15.427 3.186 6.050 16.843 16.248 8.496 66.250 15.592 4.706 6.084 13.529 17.038 10.963 67.911

14 Ur-SE 3 16.905 1.438 6.473 16.937 17.498 7.557 66.808 17.081 2.124 6.510 13.604 18.344 9.751 67.414

14 Ur-SF 1 8.689 1.192 6.953 15.429 34.268 12.035 78.566 8.808 1.761 6.994 12.393 35.865 15.529 81.348

14 Ur-SF 2 8.672 0.862 6.935 15.193 34.223 11.480 77.365 8.791 1.273 6.976 12.203 35.817 14.813 79.874

14 Ur-SF 3 8.601 1.186 6.773 15.296 33.426 12.513 77.795 8.719 1.752 6.812 12.286 34.985 16.146 80.700

14 Ur-SG 1 21.034 2.539 15.446 23.554 34.942 13.778 111.293 21.238 3.750 15.550 18.919 36.569 17.778 113.804

14 Ur-SG 2 18.199 1.835 13.234 19.840 29.997 11.419 94.524 18.384 2.710 13.321 15.936 31.402 14.734 96.488

14 Ur-SG 3 21.122 2.122 15.588 23.009 35.182 13.118 110.141 21.327 3.134 15.693 18.481 36.819 16.926 112.381



Key to decoding samples.  "yy" indicates laboratory number.

SALIVA URINE

Sample CODE Sample CODE

SS-1a C4S-01yy US-1a C4u-01yy

SS-3c C4S-02yy US-3c C4u-02yy

SS-0c C4S-03yy US-0c C4u-03yy

SS-6c C4S-04yy US-6c C4u-04yy

SS-3b C4S-05yy US-3b C4u-05yy

SS-1b C4S-06yy US-1b C4u-06yy

SS-5c C4S-07yy US-5c C4u-07yy

SL-SA1 C4S-08yy Ur-SA1 C4u-08yy

SS-2c C4S-09yy US-2c C4u-09yy

SL-SE3 C4S-10yy Ur-SE3 C4u-10yy

SS-5a C4S-11yy US-5a C4u-11yy

SL-SF1 C4S-12yy Ur-SF1 C4u-12yy

SL-SA2 C4S-13yy Ur-SA2 C4u-13yy

SS-4a C4S-14yy US-4a C4u-14yy

SL-SE1 C4S-15yy Ur-SE1 C4u-15yy

SS-5b C4S-16yy US-5b C4u-16yy

SS-6a C4S-17yy US-6a C4u-17yy

SL-SC2 C4S-18yy Ur-SC2 C4u-18yy

SL-SE2 C4S-19yy Ur-SE2 C4u-19yy

SS-4b C4S-20yy US-4b C4u-20yy

SS-0a C4S-21yy US-0a C4u-21yy

SL-SD2 C4S-22yy Ur-SD2 C4u-22yy

SS-2a C4S-23yy US-2a C4u-23yy

SS-3a C4S-24yy US-3a C4u-24yy

SS-2b C4S-25yy US-2b C4u-25yy

SL-SB3 C4S-26yy Ur-SB3 C4u-26yy

SS-6b C4S-27yy US-6b C4u-27yy

SL-SF3 C4S-28yy Ur-SF3 C4u-28yy

SL-SF2 C4S-29yy Ur-SF2 C4u-29yy

SL-SB2 C4S-30yy Ur-SB2 C4u-30yy

SL-SC1 C4S-31yy Ur-SC1 C4u-31yy

SL-SG3 C4S-32yy Ur-SG3 C4u-32yy

SL-SB1 C4S-33yy Ur-SB1 C4u-33yy

SL-SD1 C4S-34yy Ur-SD1 C4u-34yy

SS-4c C4S-35yy US-4c C4u-35yy

SL-SG2 C4S-36yy Ur-SG2 C4u-36yy

SS-1c C4S-37yy US-1c C4u-37yy

SL-SD3 C4S-38yy Ur-SD3 C4u-38yy

SL-SC3 C4S-39yy Ur-SC3 C4u-39yy

SL-SA3 C4S-40yy Ur-SA3 C4u-40yy

SS-0b C4S-41yy US-0b C4u-41yy

SL-SG1 C4S-42yy Ur-SG1 C4u-42yy



SalCOT Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-05 LAB-06 LAB-08 LAB-10 LAB-11 LAB-12 LAB-14 ALL LABS

SS-0 0.000 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

SS-1 0.113 Mean 0.123 0.099 0.134 0.104 0.113 0.126 0.104 0.606 0.184

StDev 0.005 0.013 0.003 0.002 0.001 0.010 0.032 0.029 0.187

RSD 3.7% 13.3% 2.5% 2.0% 1.0% 7.7% 30.9% 4.8% 101.5%

Rpd v Prep 8.0% -12.9% 18.2% -8.1% -0.5% 10.9% -8.0% 434.0% 62.0%

SS-2 0.284 Mean 0.316 0.270 0.347 0.275 0.291 0.269 0.334 0.848 0.376

StDev 0.005 0.049 0.008 0.004 0.011 0.070 0.011 0.017 0.211

RSD 1.7% 18.3% 2.3% 1.4% 3.7% 25.9% 3.4% 2.0% 56.0%

Rpd v Prep 11.5% -4.8% 22.3% -3.2% 2.5% -5.2% 17.7% 199.0% 32.6%

SS-3 0.567 Mean 0.622 0.603 0.679 0.549 0.562 0.612 0.660 1.234 0.700

StDev 0.013 0.035 0.012 0.004 0.019 0.286 0.426 0.010 0.240

RSD 2.1% 5.8% 1.7% 0.8% 3.4% 46.8% 64.6% 0.8% 34.3%

Rpd v Prep 9.7% 6.3% 19.7% -3.2% -0.9% 7.9% 16.3% 117.5% 23.4%

SS-4 1.135 Mean 1.231 1.146 1.341 1.084 1.176 1.095 1.357 2.079 1.325

StDev 0.020 0.070 0.014 0.009 0.047 0.096 0.227 0.046 0.350

RSD 1.6% 6.1% 1.1% 0.8% 4.0% 8.8% 16.8% 2.2% 26.4%

Rpd v Prep 8.5% 1.0% 18.2% -4.5% 3.7% -3.5% 19.5% 83.2% 16.8%

SS-5 2.837 Mean 3.112 2.770 3.390 2.729 2.857 3.199 3.347 4.615 3.273

StDev 0.056 0.069 0.038 0.023 0.036 0.400 0.248 0.063 0.651

RSD 1.8% 2.5% 1.1% 0.8% 1.3% 12.5% 7.4% 1.4% 19.9%

Rpd v Prep 9.7% -2.4% 19.5% -3.8% 0.7% 12.8% 18.0% 62.7% 15.4%

SS-6 5.674 Mean 5.977 5.790 6.640 5.383 5.590 5.715 6.313 8.796 6.318

StDev 0.066 0.237 0.057 0.092 0.130 0.222 1.319 0.075 1.176

RSD 1.1% 4.1% 0.9% 1.7% 2.3% 3.9% 20.9% 0.9% 18.6%

Rpd v Prep 5.3% 2.0% 17.0% -5.1% -1.5% 0.7% 11.3% 55.0% 11.4%

AUTHENTIC SAMPLES LAB-03 LAB-05 LAB-06 LAB-08 LAB-10 LAB-11 LAB-12 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated Reported ECC  

SL-SA Mean  (This sample was blank.)

StDev

RSD

Rpd v ECC

SL-SB Mean 0.305 0.280 0.280 0.290 0.335 0.281 0.267 0.282 0.287 0.285 0.354 0.346 0.410 0.361 0.774 0.230 0.390 0.295

StDev 0.003 0.003 0.026 0.024 0.007 0.006 0.003 0.003 0.005 0.005 0.039 0.039 0.073 0.060 0.025 0.017 0.176 0.044

RSD 1.0% 1.0% 9.2% 8.1% 2.1% 2.1% 1.0% 1.0% 1.7% 1.7% 11.1% 11.4% 17.7% 16.5% 3.3% 7.5% 45.0% 15.0%

Rpd v ECC 8.4% -3.5% 17.6% -5.4% 0.6% 2.4% 12.7% 108.2%

SL-SC Mean 0.546 0.502 0.482 0.488 0.590 0.496 0.468 0.490 0.498 0.495 0.574 0.568 0.567 0.491 1.090 0.449 0.619 0.499

StDev 0.007 0.007 0.035 0.032 0.017 0.015 0.004 0.004 0.011 0.011 0.006 0.006 0.011 0.009 0.128 0.089 0.212 0.035

RSD 1.3% 1.3% 7.2% 6.6% 2.9% 3.0% 0.7% 0.7% 2.2% 2.2% 1.0% 1.0% 2.0% 1.9% 11.8% 19.8% 34.3% 7.0%

Rpd v ECC 8.3% -1.2% 17.3% -4.5% 0.6% 1.2% 14.4% 83.3%

SL-SD Mean 0.664 0.611 0.599 0.603 0.726 0.610 0.578 0.603 0.619 0.614 0.640 0.634 0.671 0.578 1.197 0.522 0.728 0.596

StDev 0.006 0.005 0.052 0.051 0.015 0.014 0.005 0.005 0.004 0.004 0.184 0.185 0.028 0.023 0.029 0.020 0.212 0.036

RSD 0.9% 0.9% 8.7% 8.5% 2.1% 2.3% 0.8% 0.9% 0.6% 0.6% 28.7% 29.2% 4.1% 4.1% 2.4% 3.9% 29.1% 6.1%

Rpd v ECC 8.3% -0.7% 17.5% -4.3% 0.7% 1.0% 14.9% 78.4%

SL-SE Mean 0.866 0.796 0.765 0.762 0.925 0.775 0.752 0.783 0.798 0.792 0.885 0.880 0.785 0.638 1.464 0.707 0.925 0.767

StDev 0.023 0.020 0.042 0.041 0.010 0.007 0.010 0.010 0.005 0.005 0.189 0.191 0.082 0.022 0.020 0.014 0.245 0.076

RSD 2.6% 2.5% 5.5% 5.3% 1.1% 1.0% 1.4% 1.3% 0.6% 0.6% 21.4% 21.7% 10.5% 3.4% 1.4% 1.9% 26.5% 9.9%

Rpd v ECC 8.4% 0.4% 17.7% -4.1% 0.7% 0.5% 20.6% 69.7%

SL-SF Mean 1.086 0.999 0.988 0.980 1.182 0.992 0.941 0.979 1.004 0.997 1.177 1.175 1.159 0.944 1.818 0.952 1.195 1.006

StDev 0.021 0.019 0.058 0.057 0.012 0.010 0.025 0.027 0.003 0.002 0.275 0.277 0.147 0.087 0.030 0.021 0.289 0.078

RSD 2.0% 1.9% 5.9% 5.8% 1.0% 1.0% 2.7% 2.7% 0.3% 0.2% 23.4% 23.6% 12.7% 9.2% 1.7% 2.2% 24.2% 7.7%

Rpd v ECC 8.3% 0.9% 17.5% -4.0% 0.7% 0.2% 20.4% 62.5%

SL-SG Mean 2.156 1.987 1.999 1.969 2.325 1.952 1.908 1.981 1.960 1.944 2.505 2.513 2.933 2.665 3.035 1.792 2.403 2.119

StDev 0.037 0.033 0.033 0.032 0.031 0.024 0.005 0.003 0.035 0.033 0.441 0.445 0.293 0.295 0.037 0.026 0.447 0.331

RSD 1.7% 1.7% 1.6% 1.6% 1.3% 1.2% 0.3% 0.2% 1.8% 1.7% 17.6% 17.7% 10.0% 11.1% 1.2% 1.4% 18.6% 15.6%

Rpd v ECC 8.2% 1.5% 17.5% -3.8% 0.8% -0.3% 9.6% 51.5%





TOTAL NIC Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

US-0 0.000

US-1 3.621 Mean 4.171 3.564 2.665 3.425 3.250 3.304 2.758 3.570 3.234 3.466 3.249

StDev 0.031 0.092 0.152 0.265 0.449 0.343 0.243 0.068 0.193 0.066 0.329

RSD 0.7% 2.6% 5.7% 7.7% 13.8% 10.4% 8.8% 1.9% 6.0% 1.9% 10.1%

Rpd v Prep 15.2% -1.6% -26.4% -5.4% -10.2% -8.8% -23.8% -1.4% -10.7% -4.3% -10.3%

US-2 7.242 Mean 8.306 7.273 6.112 6.519 6.399 5.985 5.999 7.006 6.099 6.970 6.485

StDev 0.064 0.104 0.038 0.462 0.643 1.281 0.176 0.244 0.273 0.241 0.489

RSD 0.8% 1.4% 0.6% 7.1% 10.0% 21.4% 2.9% 3.5% 4.5% 3.5% 7.5%

Rpd v Prep 14.7% 0.4% -15.6% -10.0% -11.6% -17.4% -17.2% -3.3% -15.8% -3.7% -10.5%

US-3 18.105 Mean 20.606 17.308 14.301 17.318 15.510 16.761 14.663 18.073 17.840 16.427 16.467

StDev 0.128 0.275 0.598 1.501 1.966 0.062 0.388 0.466 0.458 1.008 1.362

RSD 0.6% 1.6% 4.2% 8.7% 12.7% 0.4% 2.6% 2.6% 2.6% 6.1% 8.3%

Rpd v Prep 13.8% -4.4% -21.0% -4.3% -14.3% -7.4% -19.0% -0.2% -1.5% -9.3% -9.0%

US-4 36.209 Mean 41.827 33.788 27.461 36.263 25.683 32.763 28.915 35.693 32.808 35.053 32.047

StDev 0.464 0.761 0.774 1.379 2.872 0.182 0.567 0.564 0.045 0.136 3.801

RSD 1.1% 2.3% 2.8% 3.8% 11.2% 0.6% 2.0% 1.6% 0.1% 0.4% 11.9%

Rpd v Prep 15.5% -6.7% -24.2% 0.1% -29.1% -9.5% -20.1% -1.4% -9.4% -3.2% -11.5%

US-5 72.419 Mean 84.419 68.652 54.868 71.058 58.454 63.484 58.928 74.081 67.573 69.682 65.198

StDev 0.783 0.953 0.656 4.435 3.615 6.967 1.919 1.179 1.264 2.468 6.570

RSD 0.9% 1.4% 1.2% 6.2% 6.2% 11.0% 3.3% 1.6% 1.9% 3.5% 10.1%

Rpd v Prep 16.6% -5.2% -24.2% -1.9% -19.3% -12.3% -18.6% 2.3% -6.7% -3.8% -10.0%

US-6 181.047 Mean 201.856 165.299 118.929 167.894 157.318 171.608 142.285 172.329 173.636 175.889 160.576

StDev 5.367 5.341 3.613 12.062 7.872 2.069 8.108 4.887 3.741 4.899 18.776

RSD 2.7% 3.2% 3.0% 7.2% 5.0% 1.2% 5.7% 2.8% 2.2% 2.8% 11.7%

Rpd v Prep 11.5% -8.7% -34.3% -7.3% -13.1% -5.2% -21.4% -4.8% -4.1% -2.8% -11.3%

AUTHENTIC SAMPLES LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated Reported ECC  

Ur-SA Mean 28.479 24.764 22.118 21.278 19.875 26.617 23.186 23.858 16.951 20.319 21.878 23.311 19.833 23.930 22.953 23.207 23.716 25.361 22.882 15.420 23.602 22.457

StDev 0.365 0.315 0.292 0.287 0.552 0.765 1.553 2.126 5.042 6.207 0.915 1.065 0.570 0.594 0.733 0.745 0.298 0.388 1.068 13.401 2.239 3.365

RSD 1.3% 1.3% 1.3% 1.3% 2.8% 2.9% 6.7% 8.9% 29.7% 30.5% 4.2% 4.6% 2.9% 2.5% 3.2% 3.2% 1.3% 1.5% 4.7% 86.9% 9.5% 15.0%

Rpd v ECC 14.0% 3.9% -29.0% -2.9% -18.1% -6.3% -18.7% -1.1% -6.7% 39.0%

Ur-SB Mean 45.436 40.282 37.662 37.606 31.081 42.925 41.092 42.966 32.794 39.778 37.869 41.079 31.384 37.747 38.315 39.753 36.599 40.922 32.793 33.789 38.538 39.485

StDev 0.491 0.448 0.456 0.494 0.811 1.027 3.002 3.762 9.919 12.180 0.403 0.463 6.323 7.412 0.306 0.298 1.806 2.148 5.668 5.811 3.919 2.984

RSD 1.1% 1.1% 1.2% 1.3% 2.6% 2.4% 7.3% 8.8% 30.2% 30.6% 1.1% 1.1% 20.1% 19.6% 0.8% 0.8% 4.9% 5.2% 17.3% 17.2% 10.2% 7.6%

Rpd v ECC 12.0% 0.2% -32.0% -4.5% -19.2% -8.1% -18.4% -3.7% -11.2% -3.0%

Ur-SC Mean 43.640 39.687 35.317 35.644 31.270 41.996 40.441 42.548 31.345 38.160 37.995 41.211 32.259 38.906 35.771 37.209 36.487 40.690 35.459 37.046 37.873 39.148

StDev 0.381 0.364 0.179 0.186 1.547 2.308 2.998 3.930 4.870 5.990 1.541 1.669 1.898 1.935 0.757 0.790 1.348 1.339 0.416 0.597 3.124 2.548

RSD 0.9% 0.9% 0.5% 0.5% 4.9% 5.5% 7.4% 9.2% 15.5% 15.7% 4.1% 4.0% 5.9% 5.0% 2.1% 2.1% 3.7% 3.3% 1.2% 1.6% 8.2% 6.5%

Rpd v ECC 9.5% -0.9% -29.3% -5.1% -19.6% -8.1% -18.7% -3.9% -10.9% -4.4%

Ur-SD Mean 56.610 49.981 46.279 48.137 38.998 52.908 43.384 43.568 32.126 39.820 46.405 51.565 39.777 50.149 49.771 50.063 48.001 50.607 46.182 46.755 48.090 48.668

StDev 0.548 0.430 1.917 2.003 1.084 1.356 1.853 2.350 1.782 2.234 1.104 1.456 1.737 2.309 1.577 1.590 1.727 1.980 0.840 0.908 4.230 2.762

RSD 1.0% 0.9% 4.1% 4.2% 2.8% 2.6% 4.3% 5.4% 5.5% 5.6% 2.4% 2.8% 4.4% 4.6% 3.2% 3.2% 3.6% 3.9% 1.8% 1.9% 8.8% 5.7%

Rpd v ECC 12.4% -3.9% -30.3% -0.4% -21.4% -10.5% -23.1% -0.6% -5.3% -1.2%

Ur-SE Mean 85.122 73.911 66.900 70.715 49.657 74.282 66.144 67.584 47.671 58.663 70.096 79.351 58.693 74.524 70.182 71.302 82.675 87.834 66.832 68.285 72.564 74.140

StDev 0.985 0.849 0.892 1.144 0.607 0.839 1.299 1.825 15.547 19.261 1.068 1.108 0.385 0.330 1.358 1.395 4.730 5.423 0.594 1.106 7.936 7.209

RSD 1.2% 1.1% 1.3% 1.6% 1.2% 1.1% 2.0% 2.7% 32.6% 32.8% 1.5% 1.4% 0.7% 0.4% 1.9% 2.0% 5.7% 6.2% 0.9% 1.6% 10.9% 9.7%

Rpd v ECC 14.1% -5.5% -39.7% -2.2% -20.7% -12.4% -23.8% -1.6% -6.1% -2.1%

Ur-SF Mean 98.057 89.471 78.935 84.422 58.844 83.367 80.547 83.069 56.488 59.593 83.369 92.011 73.175 89.942 80.166 81.558 91.087 100.467 77.909 80.641 84.296 87.377

StDev 0.874 1.014 2.856 3.193 0.375 3.888 4.740 6.482 9.095 7.244 2.922 3.615 1.643 1.643 1.531 1.451 3.854 4.115 0.609 0.739 7.494 7.115

RSD 0.9% 1.1% 3.6% 3.8% 0.6% 4.7% 5.9% 7.8% 16.1% 12.2% 3.5% 3.9% 2.2% 1.8% 1.9% 1.8% 4.2% 4.1% 0.8% 0.9% 8.9% 8.1%

Rpd v ECC 9.2% -6.7% -34.5% -3.1% -5.3% -9.9% -20.6% -1.7% -9.8% -3.4%

Ur-SG Mean 132.561 118.910 107.795 112.774 85.796 115.764 112.102 114.723 84.067 79.938 115.140 126.790 91.504 110.450 113.557 115.782 103.485 111.798 105.319 107.558 112.851 115.476

StDev 1.515 1.461 4.298 3.814 3.028 11.018 6.656 8.221 8.837 11.373 3.050 3.603 1.606 1.915 1.168 0.998 2.026 2.454 9.367 9.613 9.702 6.110

RSD 1.1% 1.2% 4.0% 3.4% 3.5% 9.5% 5.9% 7.2% 10.5% 14.2% 2.6% 2.8% 1.8% 1.7% 1.0% 0.9% 2.0% 2.2% 8.9% 8.9% 8.6% 5.3%

Rpd v ECC 10.9% -4.5% -29.7% -2.3% 5.0% -9.6% -18.8% -1.9% -7.7% -2.1%







3HCG Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

US-0 0.000 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

US-1 0.520 Mean 0.843 0.423 0.407 0.742 0.468 0.214 0.276 0.438 0.495 0.383 0.427

StDev 0.029 0.023 0.019 0.016 0.065 0.023 0.016 0.009 0.116 0.054 0.148

RSD 3.5% 5.5% 4.7% 2.1% 13.9% 10.8% 5.9% 2.0% 23.4% 14.1% 34.7%

Rpd v Prep 62.0% -18.8% -21.8% 42.6% -10.1% -58.8% -46.9% -15.7% -4.8% -26.3% -17.9%

US-2 1.041 Mean 1.652 0.888 0.702 1.502 0.921 0.437 0.495 0.909 0.728 0.990 0.841

StDev 0.064 0.094 0.066 0.031 0.068 0.120 0.038 0.048 0.029 0.100 0.314

RSD 3.9% 10.6% 9.5% 2.1% 7.4% 27.4% 7.8% 5.3% 4.0% 10.1% 37.3%

Rpd v Prep 58.7% -14.7% -32.6% 44.4% -11.5% -58.0% -52.4% -12.7% -30.0% -4.8% -19.2%

US-3 2.602 Mean 3.993 2.355 1.528 3.629 2.144 1.310 1.243 2.275 1.851 1.757 2.010

StDev 0.031 0.119 0.110 0.068 0.420 0.087 0.077 0.039 0.097 0.477 0.727

RSD 0.8% 5.0% 7.2% 1.9% 19.6% 6.6% 6.2% 1.7% 5.2% 27.1% 36.2%

Rpd v Prep 53.5% -9.5% -41.3% 39.5% -17.6% -49.6% -52.2% -12.5% -28.9% -32.5% -22.7%

US-4 5.203 Mean 7.895 4.299 2.922 7.331 3.728 2.741 2.575 4.407 3.480 4.320 3.978

StDev 0.170 0.231 0.113 0.047 0.594 0.153 0.111 0.190 0.043 0.465 1.439

RSD 2.2% 5.4% 3.9% 0.6% 15.9% 5.6% 4.3% 4.3% 1.2% 10.8% 36.2%

Rpd v Prep 51.7% -17.4% -43.8% 40.9% -28.4% -47.3% -50.5% -15.3% -33.1% -17.0% -23.5%

US-5 10.407 Mean 16.288 8.670 5.631 14.680 8.617 5.385 5.123 8.932 6.908 8.155 8.011

StDev 0.700 0.478 0.498 0.312 1.013 0.732 0.175 0.330 0.193 0.307 2.921

RSD 4.3% 5.5% 8.8% 2.1% 11.8% 13.6% 3.4% 3.7% 2.8% 3.8% 36.5%

Rpd v Prep 56.5% -16.7% -45.9% 41.1% -17.2% -48.3% -50.8% -14.2% -33.6% -21.6% -23.0%

US-6 26.017 Mean 37.930 19.963 11.704 35.786 23.352 15.077 12.264 21.401 17.745 17.546 19.426

StDev 1.771 1.310 1.104 1.038 1.160 0.364 0.957 1.416 0.999 4.426 7.275

RSD 4.7% 6.6% 9.4% 2.9% 5.0% 2.4% 7.8% 6.6% 5.6% 25.2% 37.5%

Rpd v Prep 45.8% -23.3% -55.0% 37.5% -10.2% -42.0% -52.9% -17.7% -31.8% -32.6% -25.3%

AUTHENTIC SAMPLES LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated(nmol/mL) Calculated Reported ECC  

Ur-SA Mean 4.156 2.715 2.084 2.501 1.374 2.559 4.399 3.125 1.784 2.066 1.079 2.108 1.268 2.610 2.142 2.515 2.712 3.970 2.057 2.654 2.661 2.798

StDev 0.042 0.021 0.195 0.233 0.115 0.460 0.163 0.116 0.648 0.762 0.196 0.357 0.036 0.082 0.035 0.041 0.286 0.435 0.288 0.371 1.206 0.599

RSD 1.0% 0.8% 9.3% 9.3% 8.4% 18.0% 3.7% 3.7% 36.3% 36.9% 18.2% 16.9% 2.8% 3.1% 1.6% 1.6% 10.5% 11.0% 14.0% 14.0% 45.3% 21.4%

Rpd v ECC 41.9% -18.2% -60.2% 33.9% -14.7% -64.6% -69.2% -16.0% -37.7% -25.4%

Ur-SB Mean 9.238 6.077 4.860 5.846 3.236 6.239 10.806 7.716 4.889 5.719 3.392 6.348 2.542 5.281 5.090 6.014 5.177 7.669 3.588 4.629 6.021 6.328

StDev 0.253 0.163 0.276 0.328 0.185 0.284 0.072 0.048 1.451 1.701 0.323 0.572 0.466 0.961 0.092 0.096 0.436 0.674 0.847 1.093 2.858 1.080

RSD 2.7% 2.7% 5.7% 5.6% 5.7% 4.6% 0.7% 0.6% 29.7% 29.7% 9.5% 9.0% 18.3% 18.2% 1.8% 1.6% 8.4% 8.8% 23.6% 23.6% 47.5% 17.1%

Rpd v ECC 41.3% -18.4% -63.4% 33.4% -15.7% -60.7% -70.0% -16.6% -38.8% -25.4%

Ur-SC Mean 8.203 5.396 4.362 5.243 3.223 5.770 12.173 8.702 4.605 5.385 3.506 6.553 2.765 5.728 4.603 5.418 3.779 5.579 4.673 6.030 5.900 6.132

StDev 0.129 0.079 0.231 0.270 0.434 0.831 0.196 0.147 0.947 1.113 0.241 0.442 0.198 0.396 0.257 0.303 0.211 0.325 0.725 0.936 3.174 1.221

RSD 1.6% 1.5% 5.3% 5.2% 13.5% 14.4% 1.6% 1.7% 20.6% 20.7% 6.9% 6.8% 7.2% 6.9% 5.6% 5.6% 5.6% 5.8% 15.5% 15.5% 53.8% 19.9%

Rpd v ECC 41.3% -18.3% -56.7% 33.3% -15.6% -60.6% -69.8% -16.3% -38.5% -25.4%

Ur-SD Mean 10.644 7.014 5.973 7.181 3.519 6.552 9.892 7.072 4.537 5.307 4.236 7.882 3.466 7.238 6.087 7.193 5.047 7.490 5.557 7.170 6.777 7.286

StDev 0.260 0.165 0.081 0.105 0.310 0.383 0.031 0.022 0.271 0.322 0.290 0.545 0.103 0.247 0.364 0.410 0.131 0.195 0.390 0.504 2.474 0.303

RSD 2.4% 2.4% 1.4% 1.5% 8.8% 5.8% 0.3% 0.3% 6.0% 6.1% 6.8% 6.9% 3.0% 3.4% 6.0% 5.7% 2.6% 2.6% 7.0% 7.0% 36.5% 4.2%

Rpd v ECC 41.1% -18.4% -60.2% 33.3% -15.6% -60.2% -70.5% -16.6% -39.0% -25.4%

Ur-SE Mean 17.677 11.680 10.398 12.489 5.093 10.371 13.748 9.825 8.520 9.995 8.949 16.501 6.209 12.959 11.325 13.426 6.779 10.106 8.738 11.275 11.088 12.186

StDev 0.343 0.226 1.207 1.445 0.170 0.354 0.228 0.170 3.005 3.538 0.085 0.162 0.221 0.493 0.267 0.308 0.309 0.467 1.319 1.702 3.644 2.281

RSD 1.9% 1.9% 11.6% 11.6% 3.3% 3.4% 1.7% 1.7% 35.3% 35.4% 0.9% 1.0% 3.6% 3.8% 2.4% 2.3% 4.6% 4.6% 15.1% 15.1% 32.9% 18.7%

Rpd v ECC 40.9% -18.3% -68.3% 33.3% -15.9% -59.3% -70.4% -17.0% -39.4% -25.4%

Ur-SF Mean 22.713 15.015 12.117 14.566 6.080 11.570 26.002 18.595 9.664 11.346 8.856 16.332 7.340 15.347 10.215 12.119 10.165 15.186 12.009 15.496 14.583 15.330

StDev 0.247 0.167 1.190 1.427 0.237 1.083 0.175 0.124 1.170 1.380 0.847 1.549 0.041 0.067 0.240 0.263 0.502 0.688 0.517 0.667 6.839 1.945

RSD 1.1% 1.1% 9.8% 9.8% 3.9% 9.4% 0.7% 0.7% 12.1% 12.2% 9.6% 9.5% 0.6% 0.4% 2.4% 2.2% 4.9% 4.5% 4.3% 4.3% 46.9% 12.7%

Rpd v ECC 40.8% -18.4% -62.2% 33.2% -16.0% -59.4% -70.6% -17.0% -39.6% -25.4%

Ur-SG Mean 22.241 14.699 13.104 15.745 6.412 12.280 26.672 19.083 11.723 9.830 11.450 21.057 7.159 14.919 14.932 17.759 10.330 15.413 12.772 16.480 15.929 17.176

StDev 0.674 0.440 0.841 1.010 1.019 2.692 0.367 0.262 1.874 5.333 0.701 1.290 0.150 0.302 0.316 0.437 0.567 0.927 1.217 1.570 6.132 2.266

RSD 3.0% 3.0% 6.4% 6.4% 15.9% 21.9% 1.4% 1.4% 16.0% 54.2% 6.1% 6.1% 2.1% 2.0% 2.1% 2.5% 5.5% 6.0% 9.5% 9.5% 38.5% 13.2%

Rpd v ECC 40.8% -18.3% -62.8% 33.2% 17.6% -59.1% -70.3% -17.3% -39.5% -25.4%



3HC Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

US-0 0.000 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

US-1 1.041 Mean 0.966 1.037 1.001 0.798 0.923 1.110 0.932 0.871 0.790 0.963 0.936

StDev 0.011 0.052 0.042 0.159 0.146 0.094 0.112 0.047 0.017 0.045 0.106

RSD 1.1% 5.0% 4.2% 19.9% 15.9% 8.5% 12.0% 5.4% 2.1% 4.7% 11.4%

Rpd v Prep -7.2% -0.4% -3.8% -23.3% -11.3% 6.7% -10.4% -16.3% -24.1% -7.4% -10.0%

US-2 2.081 Mean 1.940 2.154 1.939 1.370 1.785 2.028 2.007 1.776 1.472 1.852 1.820

StDev 0.027 0.016 0.087 0.262 0.209 0.475 0.155 0.058 0.107 0.079 0.258

RSD 1.4% 0.7% 4.5% 19.1% 11.7% 23.4% 7.7% 3.3% 7.3% 4.3% 14.2%

Rpd v Prep -6.8% 3.5% -6.9% -34.2% -14.3% -2.6% -3.6% -14.7% -29.3% -11.0% -12.5%

US-3 5.203 Mean 4.823 4.698 4.356 3.781 4.370 5.454 4.811 4.903 5.671 4.797 4.760

StDev 0.064 0.392 0.058 0.783 0.512 0.062 0.367 0.154 0.513 0.334 0.572

RSD 1.3% 8.3% 1.3% 20.7% 11.7% 1.1% 7.6% 3.1% 9.0% 7.0% 12.0%

Rpd v Prep -7.3% -9.7% -16.3% -27.3% -16.0% 4.8% -7.5% -5.8% 9.0% -7.8% -8.5%

US-4 10.407 Mean 9.832 9.347 8.057 7.908 7.206 10.477 9.149 9.868 8.439 9.800 8.917

StDev 0.208 0.896 0.500 0.600 0.653 0.572 0.339 0.079 0.218 0.413 1.076

RSD 2.1% 9.6% 6.2% 7.6% 9.1% 5.5% 3.7% 0.8% 2.6% 4.2% 12.1%

Rpd v Prep -5.5% -10.2% -22.6% -24.0% -30.8% 0.7% -12.1% -5.2% -18.9% -5.8% -14.3%

US-5 20.814 Mean 19.561 18.763 14.722 15.210 16.441 19.717 20.278 20.898 16.951 19.790 18.086

StDev 0.360 0.659 0.534 2.275 1.337 2.973 0.894 0.469 0.698 1.318 2.300

RSD 1.8% 3.5% 3.6% 15.0% 8.1% 15.1% 4.4% 2.2% 4.1% 6.7% 12.7%

Rpd v Prep -6.0% -9.9% -29.3% -26.9% -21.0% -5.3% -2.6% 0.4% -18.6% -4.9% -13.1%

US-6 52.034 Mean 46.596 46.995 29.483 34.235 47.416 52.078 46.701 47.242 45.695 52.440 44.698

StDev 1.517 2.793 0.558 5.570 1.948 1.704 2.658 1.505 3.736 2.495 7.742

RSD 3.3% 5.9% 1.9% 16.3% 4.1% 3.3% 5.7% 3.2% 8.2% 4.8% 17.3%

Rpd v Prep -10.5% -9.7% -43.3% -34.2% -8.9% 0.1% -10.2% -9.2% -12.2% 0.8% -14.1%

AUTHENTIC SAMPLES LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated(nmol/mL)Calculated(nmol/mL) Calculated Reported ECC  

Ur-SA Mean 6.330 6.735 5.688 5.141 5.700 8.411 4.128 5.736 4.778 5.857 6.757 6.567 5.694 6.176 5.567 6.100 5.434 6.447 5.814 6.136 5.674 6.123

StDev 0.150 0.164 0.334 0.370 0.337 0.340 0.751 1.059 1.296 1.614 0.055 0.067 0.257 0.302 0.156 0.173 0.262 0.303 0.256 0.268 0.825 0.546

RSD 2.4% 2.4% 5.9% 7.2% 5.9% 4.0% 18.2% 18.5% 27.1% 27.6% 0.8% 1.0% 4.5% 4.9% 2.8% 2.8% 4.8% 4.7% 4.4% 4.4% 14.5% 8.9%

Rpd v ECC -6.2% 10.1% -38.4% -32.6% -20.3% 2.8% -8.1% -9.1% -17.1% -5.4%

Ur-SB Mean 16.041 17.192 15.208 15.629 13.470 19.542 11.117 15.502 13.684 16.942 18.120 17.728 15.035 16.264 15.678 16.680 14.229 16.628 13.095 13.743 14.784 16.158

StDev 0.159 0.183 0.305 0.330 0.417 0.967 1.412 1.955 4.089 5.093 0.273 0.285 3.457 3.742 0.131 0.144 0.998 1.156 2.233 2.333 2.247 1.327

RSD 1.0% 1.1% 2.0% 2.1% 3.1% 4.9% 12.7% 12.6% 29.9% 30.1% 1.5% 1.6% 23.0% 23.0% 0.8% 0.9% 7.0% 7.0% 17.1% 17.0% 15.2% 8.2%

Rpd v ECC -6.9% -2.7% -36.8% -32.9% -21.3% 2.2% -7.9% -6.2% -15.6% -4.8%

Ur-SC Mean 19.041 20.431 16.908 17.498 15.609 21.719 13.129 18.284 15.314 18.982 19.914 19.479 18.142 19.608 17.308 18.382 17.731 20.682 16.343 17.137 17.196 18.842

StDev 0.180 0.202 0.579 0.649 0.473 0.695 1.768 2.437 2.298 2.866 0.606 0.572 1.936 2.116 0.235 0.226 0.432 0.500 0.451 0.471 2.177 1.388

RSD 0.9% 1.0% 3.4% 3.7% 3.0% 3.2% 13.5% 13.3% 15.0% 15.1% 3.0% 2.9% 10.7% 10.8% 1.4% 1.2% 2.4% 2.4% 2.8% 2.7% 12.7% 7.4%

Rpd v ECC -7.0% -3.4% -32.7% -32.8% -21.4% 2.2% -7.8% -6.0% -15.4% -4.7%

Ur-SD Mean 13.509 14.451 12.139 12.244 11.581 16.003 8.550 11.923 9.166 11.313 14.448 14.115 13.715 14.834 12.869 13.754 12.517 14.646 11.818 12.409 12.264 13.363

StDev 0.131 0.126 0.758 0.834 0.385 0.561 0.933 1.276 0.526 0.656 0.418 0.426 0.608 0.656 0.421 0.439 1.636 1.894 0.109 0.114 1.860 1.139

RSD 1.0% 0.9% 6.2% 6.8% 3.3% 3.5% 10.9% 10.7% 5.7% 5.8% 2.9% 3.0% 4.4% 4.4% 3.3% 3.2% 13.1% 12.9% 0.9% 0.9% 15.2% 8.5%

Rpd v ECC -6.7% -0.9% -32.1% -32.9% -21.0% 2.3% -7.8% -6.7% -15.7% -4.9%

Ur-SE Mean 17.064 18.285 15.087 15.508 13.867 21.449 13.163 18.348 10.926 13.509 18.364 17.971 16.094 17.425 15.279 16.285 25.362 29.516 16.330 17.123 17.236 19.005

StDev 0.275 0.300 0.766 0.831 0.153 0.296 0.715 0.986 3.439 4.291 0.212 0.205 0.788 0.831 0.551 0.569 4.252 4.922 1.130 1.181 3.941 4.755

RSD 1.6% 1.6% 5.1% 5.4% 1.1% 1.4% 5.4% 5.4% 31.5% 31.8% 1.2% 1.1% 4.9% 4.8% 3.6% 3.5% 16.8% 16.7% 6.9% 6.9% 22.9% 25.0%

Rpd v ECC -6.9% -2.8% -42.9% -32.9% -21.1% 2.2% -7.9% -6.4% -15.1% -4.7%

Ur-SF Mean 39.104 42.898 35.602 38.132 28.001 41.190 25.182 35.100 25.867 22.199 42.980 42.084 38.056 41.072 35.068 36.411 44.071 51.173 33.972 35.556 36.568 40.193

StDev 0.663 0.781 2.077 2.299 0.895 1.870 3.708 5.147 5.275 10.817 1.770 1.761 1.798 1.918 0.837 0.808 3.772 4.366 0.474 0.495 6.369 5.736

RSD 1.7% 1.8% 5.8% 6.0% 3.2% 4.5% 14.7% 14.7% 20.4% 48.7% 4.1% 4.2% 4.7% 4.7% 2.4% 2.2% 8.6% 8.5% 1.4% 1.4% 17.4% 14.3%

Rpd v ECC -9.3% -6.9% -38.1% -32.9% 15.3% 2.1% -7.6% -3.8% -14.9% -4.6%

Ur-SG Mean 39.555 43.429 34.977 37.417 28.641 41.925 24.627 34.302 28.815 16.739 41.906 41.072 34.965 37.768 35.397 36.732 33.982 39.494 33.374 34.930 34.831 38.197

StDev 1.379 1.585 2.473 2.738 0.764 3.871 2.716 3.791 4.385 12.715 1.688 1.668 2.047 2.242 0.573 0.553 2.052 2.376 2.927 3.058 5.472 3.315

RSD 3.5% 3.6% 7.1% 7.3% 2.7% 9.2% 11.0% 11.1% 15.2% 76.0% 4.0% 4.1% 5.9% 5.9% 1.6% 1.5% 6.0% 6.0% 8.8% 8.8% 15.7% 8.7%

Rpd v ECC -9.3% -6.7% -37.7% -32.8% 53.0% 2.0% -7.7% -3.7% -15.0% -4.6%



COTG Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

US-0 0.000 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

US-1 0.568 Mean 0.541 0.555 0.375 0.643 0.539 0.454 0.434 0.564 0.748 0.734 0.561

StDev 0.011 0.017 0.015 0.016 0.060 0.031 0.019 0.010 0.016 0.024 0.130

RSD 2.0% 3.1% 4.0% 2.5% 11.0% 6.8% 4.4% 1.8% 2.1% 3.3% 23.1%

Rpd v Prep -4.7% -2.2% -33.9% 13.3% -5.0% -20.0% -23.6% -0.6% 31.8% 29.3% -1.2%

US-2 1.135 Mean 1.102 1.097 0.843 1.287 0.914 0.840 0.926 1.154 1.358 1.455 1.097

StDev 0.013 0.018 0.030 0.016 0.094 0.162 0.020 0.040 0.055 0.070 0.232

RSD 1.2% 1.7% 3.6% 1.3% 10.3% 19.3% 2.1% 3.5% 4.0% 4.8% 21.1%

Rpd v Prep -2.9% -3.3% -25.7% 13.3% -19.5% -26.0% -18.4% 1.6% 19.7% 28.2% -3.4%

US-3 2.838 Mean 2.813 2.687 1.930 3.188 2.195 2.435 2.147 2.964 3.438 3.291 2.697

StDev 0.072 0.074 0.084 0.043 0.264 0.091 0.109 0.077 0.098 0.271 0.551

RSD 2.6% 2.8% 4.4% 1.4% 12.0% 3.7% 5.1% 2.6% 2.8% 8.2% 20.4%

Rpd v Prep -0.9% -5.3% -32.0% 12.3% -22.7% -14.2% -24.4% 4.4% 21.2% 16.0% -5.0%

US-4 5.676 Mean 5.894 5.440 3.669 6.443 3.463 4.758 4.044 6.072 6.881 7.190 5.329

StDev 0.071 0.201 0.119 0.075 0.561 0.262 0.262 0.098 0.045 0.278 1.410

RSD 1.2% 3.7% 3.2% 1.2% 16.2% 5.5% 6.5% 1.6% 0.7% 3.9% 26.5%

Rpd v Prep 3.8% -4.2% -35.4% 13.5% -39.0% -16.2% -28.8% 7.0% 21.2% 26.7% -6.1%

US-5 11.352 Mean 11.750 10.785 6.791 12.687 8.023 9.399 8.286 13.014 14.206 14.329 10.836

StDev 0.222 0.274 0.346 0.142 0.280 0.797 0.497 0.236 0.293 0.210 2.841

RSD 1.9% 2.5% 5.1% 1.1% 3.5% 8.5% 6.0% 1.8% 2.1% 1.5% 26.2%

Rpd v Prep 3.5% -5.0% -40.2% 11.8% -29.3% -17.2% -27.0% 14.6% 25.1% 26.2% -4.5%

US-6 28.379 Mean 29.299 26.915 13.939 31.485 23.124 25.413 20.701 31.135 34.883 34.221 26.869

StDev 1.193 0.385 0.684 0.801 1.251 1.106 0.533 0.815 0.414 2.559 6.885

RSD 4.1% 1.4% 4.9% 2.5% 5.4% 4.4% 2.6% 2.6% 1.2% 7.5% 25.6%

Rpd v Prep 3.2% -5.2% -50.9% 10.9% -18.5% -10.5% -27.1% 9.7% 22.9% 20.6% -5.3%

AUTHENTIC SAMPLES LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated Reported ECC  

Ur-SA Mean 4.219 4.156 3.671 3.722 2.729 4.336 5.090 4.533 2.299 3.065 3.370 3.957 2.787 3.760 3.952 3.737 4.883 3.989 5.178 4.159 4.338 4.036

StDev 0.115 0.107 0.091 0.085 0.066 0.125 0.115 0.111 0.703 0.990 0.174 0.194 0.078 0.114 0.176 0.168 0.140 0.116 0.320 0.257 0.720 0.281

RSD 2.7% 2.6% 2.5% 2.3% 2.4% 2.9% 2.3% 2.4% 30.6% 32.3% 5.2% 4.9% 2.8% 3.0% 4.5% 4.5% 2.9% 2.9% 6.2% 6.2% 16.6% 7.0%

Rpd v ECC 1.5% -1.4% -45.5% 11.6% -28.5% -16.0% -29.7% 5.6% 20.2% 21.8%

Ur-SB Mean 4.342 4.275 3.737 3.793 2.745 4.380 7.587 6.771 2.768 3.730 3.639 4.272 2.795 3.761 4.141 3.909 4.882 3.987 5.266 4.230 4.799 4.462

StDev 0.085 0.090 0.016 0.027 0.084 0.153 0.087 0.076 0.770 1.090 0.085 0.097 0.402 0.541 0.120 0.111 0.120 0.097 0.980 0.787 1.361 1.036

RSD 2.0% 2.1% 0.4% 0.7% 3.1% 3.5% 1.1% 1.1% 27.8% 29.2% 2.3% 2.3% 14.4% 14.4% 2.9% 2.8% 2.5% 2.4% 18.6% 18.6% 28.4% 23.2%

Rpd v ECC 1.6% -1.5% -45.9% 11.4% -29.6% -16.0% -29.5% 5.8% 20.2% 21.8%

Ur-SC Mean 3.462 3.422 3.179 3.205 2.447 3.890 6.112 5.447 2.555 3.429 3.531 4.147 2.564 3.449 3.187 3.027 4.864 3.969 5.214 4.188 4.221 3.915

StDev 0.102 0.095 0.057 0.051 0.152 0.256 0.118 0.101 0.271 0.390 0.194 0.232 0.082 0.114 0.098 0.088 0.248 0.208 0.234 0.188 1.168 0.818

RSD 3.0% 2.8% 1.8% 1.6% 6.2% 6.6% 1.9% 1.9% 10.6% 11.4% 5.5% 5.6% 3.2% 3.3% 3.1% 2.9% 5.1% 5.2% 4.5% 4.5% 27.7% 20.9%

Rpd v ECC 1.2% -0.8% -45.5% 11.5% -29.2% -16.0% -29.4% 5.2% 20.3% 21.8%

Ur-SD Mean 12.005 11.700 11.003 11.343 7.495 12.253 11.239 10.023 6.699 9.297 11.393 13.308 8.438 11.479 13.355 12.176 14.248 11.704 14.382 11.552 12.518 11.687

StDev 0.199 0.191 0.555 0.571 0.426 0.709 0.271 0.249 0.237 0.338 0.594 0.681 0.886 1.215 0.229 0.198 0.253 0.213 0.450 0.361 1.451 0.981

RSD 1.7% 1.6% 5.0% 5.0% 5.7% 5.8% 2.4% 2.5% 3.5% 3.6% 5.2% 5.1% 10.5% 10.6% 1.7% 1.6% 1.8% 1.8% 3.1% 3.1% 11.6% 8.4%

Rpd v ECC 2.6% -3.0% -48.2% 11.4% -32.5% -15.5% -30.5% 9.2% 19.6% 21.8%

Ur-SE Mean 14.985 14.583 13.585 14.014 8.003 14.567 11.920 10.626 8.260 11.498 13.670 15.957 11.610 15.805 15.133 13.718 18.015 14.801 17.232 13.841 14.934 13.934

StDev 0.443 0.421 0.146 0.156 0.035 0.060 0.300 0.268 2.433 3.437 0.247 0.316 0.804 1.072 0.333 0.295 0.463 0.386 0.594 0.477 2.134 1.647

RSD 3.0% 2.9% 1.1% 1.1% 0.4% 0.4% 2.5% 2.5% 29.5% 29.9% 1.8% 2.0% 6.9% 6.8% 2.2% 2.1% 2.6% 2.6% 3.4% 3.4% 14.3% 11.8%

Rpd v ECC 2.7% -3.1% -58.2% 11.5% -32.8% -15.4% -30.6% 9.8% 19.6% 21.8%

Ur-SF Mean 12.875 12.546 12.441 12.826 7.207 11.639 11.835 10.560 7.356 10.222 12.272 14.317 10.322 14.072 14.925 13.578 16.793 13.803 15.306 12.294 13.778 12.846

StDev 0.199 0.201 0.146 0.147 0.562 0.737 0.130 0.111 0.721 1.019 0.060 0.050 0.134 0.218 0.464 0.414 0.878 0.719 0.118 0.095 1.888 1.241

RSD 1.5% 1.6% 1.2% 1.1% 7.8% 6.3% 1.1% 1.0% 9.8% 10.0% 0.5% 0.3% 1.3% 1.5% 3.1% 3.1% 5.2% 5.2% 0.8% 0.8% 13.7% 9.7%

Rpd v ECC 2.6% -3.1% -47.0% 11.4% -32.6% -15.4% -30.7% 9.4% 19.6% 21.8%

Ur-SG Mean 18.372 17.826 16.717 17.261 9.863 16.793 20.577 18.351 10.053 14.044 18.311 21.343 13.333 18.164 19.313 17.371 14.644 12.036 22.134 17.779 18.581 17.424

StDev 0.480 0.454 0.763 0.790 1.371 2.661 0.375 0.336 0.171 0.249 0.308 0.423 0.221 0.339 0.827 0.724 0.635 0.517 2.006 1.611 2.458 2.756

RSD 2.6% 2.5% 4.6% 4.6% 13.9% 15.8% 1.8% 1.8% 1.7% 1.8% 1.7% 2.0% 1.7% 1.9% 4.3% 4.2% 4.3% 4.3% 9.1% 9.1% 13.2% 15.8%

Rpd v ECC 3.0% -3.2% -52.0% 11.4% -33.1% -15.3% -30.7% 10.6% 19.5% 21.8%



COT Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

US-0 0.000 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

US-1 0.568 Mean 0.732 0.607 0.457 0.549 0.522 0.549 0.466 0.596 0.693 0.583 0.558

StDev 0.006 0.006 0.021 0.143 0.080 0.057 0.008 0.023 0.182 0.024 0.073

RSD 0.8% 0.9% 4.5% 26.0% 15.3% 10.3% 1.6% 3.8% 26.3% 4.1% 13.1%

Rpd v Prep 29.0% 7.0% -19.5% -3.3% -8.0% -3.2% -17.9% 5.0% 22.0% 2.8% -1.7%

US-2 1.135 Mean 1.470 1.213 1.345 0.946 1.092 1.018 1.023 1.160 1.062 1.117 1.108

StDev 0.035 0.009 0.043 0.199 0.104 0.291 0.077 0.023 0.212 0.046 0.119

RSD 2.3% 0.7% 3.2% 21.1% 9.5% 28.6% 7.5% 2.0% 19.9% 4.1% 10.8%

Rpd v Prep 29.5% 6.8% 18.5% -16.7% -3.8% -10.4% -9.9% 2.1% -6.5% -1.6% -2.4%

US-3 2.838 Mean 3.598 2.843 2.991 2.554 2.612 2.829 2.564 3.011 2.629 2.737 2.752

StDev 0.017 0.095 0.297 0.485 0.319 0.100 0.067 0.057 0.145 0.181 0.176

RSD 0.5% 3.4% 9.9% 19.0% 12.2% 3.5% 2.6% 1.9% 5.5% 6.6% 6.4%

Rpd v Prep 26.8% 0.2% 5.4% -10.0% -8.0% -0.3% -9.6% 6.1% -7.4% -3.6% -3.0%

US-4 5.676 Mean 7.264 5.495 5.587 5.486 4.313 5.484 5.186 5.752 5.396 5.584 5.365

StDev 0.150 0.076 0.481 0.426 0.369 0.265 0.125 0.140 0.312 0.227 0.423

RSD 2.1% 1.4% 8.6% 7.8% 8.6% 4.8% 2.4% 2.4% 5.8% 4.1% 7.9%

Rpd v Prep 28.0% -3.2% -1.6% -3.3% -24.0% -3.4% -8.6% 1.3% -4.9% -1.6% -5.5%

US-5 11.352 Mean 14.244 11.937 11.244 10.405 9.724 11.121 10.133 11.614 11.625 11.229 11.004

StDev 0.227 0.430 0.347 1.246 0.650 1.055 0.626 0.087 0.727 0.705 0.751

RSD 1.6% 3.6% 3.1% 12.0% 6.7% 9.5% 6.2% 0.7% 6.3% 6.3% 6.8%

Rpd v Prep 25.5% 5.2% -0.9% -8.3% -14.3% -2.0% -10.7% 2.3% 2.4% -1.1% -3.1%

US-6 28.379 Mean 33.462 27.410 22.573 23.193 24.347 28.878 24.924 25.990 30.168 29.583 26.341

StDev 1.137 0.690 1.643 3.495 1.607 0.495 2.354 0.614 1.747 1.434 2.805

RSD 3.4% 2.5% 7.3% 15.1% 6.6% 1.7% 9.4% 2.4% 5.8% 4.8% 10.6%

Rpd v Prep 17.9% -3.4% -20.5% -18.3% -14.2% 1.8% -12.2% -8.4% 6.3% 4.2% -7.2%

AUTHENTIC SAMPLES LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL)Calculated(nmol/mL)Calculated Reported ECC  

Ur-SA Mean 6.375 4.997 4.924 5.291 4.902 5.003 3.802 4.216 3.717 4.328 4.809 4.830 4.763 5.422 5.143 5.113 4.886 4.902 4.770 4.795 4.958 4.878

StDev 0.087 0.065 0.044 0.048 0.354 0.264 0.547 0.634 1.106 1.319 0.447 0.444 0.155 0.174 0.151 0.167 0.035 0.034 0.206 0.207 0.757 0.339

RSD 1.4% 1.3% 0.9% 0.9% 7.2% 5.3% 14.4% 15.0% 29.8% 30.5% 9.3% 9.2% 3.3% 3.2% 2.9% 3.3% 0.7% 0.7% 4.3% 4.3% 15.3% 6.9%

Rpd v ECC 24.2% -7.2% -2.0% -10.3% -15.2% -0.4% -12.9% 0.6% -0.3% -0.5%

Ur-SB Mean 10.593 8.372 9.723 8.932 8.079 8.342 7.340 8.260 7.785 9.205 8.607 8.644 7.538 8.468 8.947 9.039 8.267 8.304 7.584 7.630 8.723 8.454

StDev 0.143 0.107 0.215 0.207 0.805 0.323 1.127 1.280 2.456 2.935 0.491 0.491 1.317 1.454 0.268 0.262 0.379 0.405 1.303 1.313 1.153 0.475

RSD 1.3% 1.3% 2.2% 2.3% 10.0% 3.9% 15.4% 15.5% 31.6% 31.9% 5.7% 5.7% 17.5% 17.2% 3.0% 2.9% 4.6% 4.9% 17.2% 17.2% 13.2% 5.6%

Rpd v ECC 23.4% 8.5% -3.2% -11.8% -16.7% -0.4% -11.6% -1.0% -0.4% -0.6%

Ur-SC Mean 8.569 6.749 7.226 6.604 6.999 7.002 5.638 6.323 5.836 6.868 6.946 6.981 5.890 6.668 6.923 6.948 7.084 7.125 6.244 6.301 6.947 6.719

StDev 0.098 0.084 0.313 0.276 0.394 0.379 0.795 0.897 0.906 1.089 0.135 0.143 0.131 0.169 0.113 0.120 0.698 0.715 0.186 0.167 0.907 0.324

RSD 1.1% 1.2% 4.3% 4.2% 5.6% 5.4% 14.1% 14.2% 15.5% 15.9% 1.9% 2.1% 2.2% 2.5% 1.6% 1.7% 9.9% 10.0% 3.0% 2.7% 13.1% 4.8%

Rpd v ECC 23.8% 9.0% 0.0% -11.5% -16.2% -0.5% -12.4% -0.4% -0.6% -0.9%

Ur-SD Mean 8.928 7.044 7.869 7.193 7.882 7.890 5.429 6.066 5.146 6.029 7.436 7.469 6.439 7.290 7.320 7.351 7.367 7.365 6.639 6.677 7.284 7.023

StDev 0.118 0.096 0.291 0.268 0.289 0.282 0.560 0.648 0.360 0.442 0.303 0.300 0.256 0.260 0.284 0.307 0.252 0.254 0.062 0.063 1.075 0.498

RSD 1.3% 1.4% 3.7% 3.7% 3.7% 3.6% 10.3% 10.7% 7.0% 7.3% 4.1% 4.0% 4.0% 3.6% 3.9% 4.2% 3.4% 3.4% 0.9% 0.9% 14.8% 7.1%

Rpd v ECC 23.6% 9.0% -0.1% -11.1% -15.8% -0.4% -12.4% -0.4% 0.0% -0.6%

Ur-SE Mean 7.528 5.913 6.715 6.124 4.947 5.501 5.883 6.596 4.292 5.013 6.837 6.868 5.492 6.232 6.148 6.140 9.327 9.400 6.073 6.107 6.930 6.735

StDev 0.143 0.116 0.199 0.169 0.057 0.075 0.268 0.293 1.493 1.788 0.218 0.220 0.174 0.193 0.066 0.078 0.963 0.965 0.389 0.392 1.197 1.220

RSD 1.9% 2.0% 3.0% 2.8% 1.1% 1.4% 4.6% 4.4% 34.8% 35.7% 3.2% 3.2% 3.2% 3.1% 1.1% 1.3% 10.3% 10.3% 6.4% 6.4% 17.3% 18.1%

Rpd v ECC 24.0% 9.2% -10.6% -11.4% -15.5% -0.4% -12.6% 0.1% -0.8% -0.6%

Ur-SF Mean 9.477 7.485 8.096 7.424 7.747 7.737 5.902 6.612 5.269 6.185 8.026 8.060 6.932 7.837 7.510 7.561 8.276 8.327 6.887 6.927 7.739 7.485

StDev 0.247 0.188 0.489 0.442 0.339 0.357 0.738 0.864 0.823 0.985 0.121 0.122 0.205 0.199 0.066 0.057 0.557 0.600 0.099 0.100 1.131 0.595

RSD 2.6% 2.5% 6.0% 5.9% 4.4% 4.6% 12.5% 13.1% 15.6% 15.9% 1.5% 1.5% 3.0% 2.5% 0.9% 0.8% 6.7% 7.2% 1.4% 1.4% 14.6% 7.9%

Rpd v ECC 23.5% 8.7% 0.1% -11.3% -16.0% -0.4% -12.3% -0.7% -0.6% -0.6%

Ur-SG Mean 19.370 15.609 17.441 16.131 15.007 15.502 12.278 13.909 12.297 14.597 16.821 16.884 13.163 14.440 15.870 16.255 16.496 16.630 14.756 14.855 16.147 15.753

StDev 0.199 0.170 0.199 0.173 1.155 0.746 1.395 1.592 0.810 0.978 0.477 0.475 0.509 0.532 0.118 0.111 0.856 0.877 1.320 1.330 2.222 1.055

RSD 1.0% 1.1% 1.1% 1.1% 7.7% 4.8% 11.4% 11.4% 6.6% 6.7% 2.8% 2.8% 3.9% 3.7% 0.7% 0.7% 5.2% 5.3% 8.9% 9.0% 13.8% 6.7%

Rpd v ECC 21.5% 7.8% -3.2% -12.5% -17.1% -0.4% -9.3% -2.4% -0.8% -0.7%



NICG Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

US-0 0.000 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

US-1 0.308 Mean 0.333 0.306 0.139 0.365 0.225 0.479 0.101 0.384 0.236 0.279

StDev 0.015 0.007 0.034 0.040 0.039 0.012 0.009 0.016 0.128

RSD 4.4% 2.4% 9.4% 17.6% 8.1% 11.6% 2.3% 6.9% 45.9%

Rpd v Prep 8.0% -0.6% -54.9% 18.3% -27.0% 55.3% -67.3% 24.7% -23.5% -9.4%

US-2 0.616 Mean 0.642 0.630 0.256 0.818 0.494 0.541 0.297 0.692 0.391 0.424 0.505

StDev 0.018 0.012 0.022 0.034 0.040 0.105 0.005 0.022 0.015 0.026 0.185

RSD 2.8% 1.9% 8.5% 4.2% 8.1% 19.4% 1.7% 3.1% 4.0% 6.0% 36.7%

Rpd v Prep 4.2% 2.3% -58.5% 32.6% -19.9% -12.3% -51.8% 12.3% -36.5% -31.2% -18.1%

US-3 1.541 Mean 1.687 1.526 0.830 2.049 1.207 1.647 0.810 1.609 1.125 0.962 1.307

StDev 0.049 0.025 0.140 0.104 0.166 0.104 0.046 0.120 0.031 0.147 0.425

RSD 2.9% 1.6% 16.8% 5.1% 13.8% 6.3% 5.7% 7.5% 2.8% 15.3% 32.5%

Rpd v Prep 9.4% -1.0% -46.2% 33.0% -21.7% 6.8% -47.4% 4.4% -27.0% -37.6% -15.2%

US-4 3.082 Mean 3.320 2.946 2.026 4.266 2.000 3.349 1.753 3.224 2.403 2.122 2.676

StDev 0.074 0.061 0.397 0.104 0.202 0.270 0.103 0.059 0.005 0.264 0.827

RSD 2.2% 2.1% 19.6% 2.4% 10.1% 8.1% 5.9% 1.8% 0.2% 12.4% 30.9%

Rpd v Prep 7.7% -4.4% -34.3% 38.4% -35.1% 8.6% -43.1% 4.6% -22.0% -31.2% -13.2%

US-5 6.165 Mean 6.797 5.901 4.083 8.541 4.541 6.537 3.381 6.637 5.003 3.983 5.401

StDev 0.325 0.045 0.492 0.102 0.285 0.683 0.095 0.128 0.047 0.193 1.645

RSD 4.8% 0.8% 12.0% 1.2% 6.3% 10.4% 2.8% 1.9% 0.9% 4.8% 30.5%

Rpd v Prep 10.3% -4.3% -33.8% 38.5% -26.3% 6.0% -45.2% 7.7% -18.8% -35.4% -12.4%

US-6 15.412 Mean 17.053 14.038 11.417 21.082 11.274 18.282 8.230 15.924 12.554 10.029 13.648

StDev 0.543 0.419 0.298 0.495 0.565 0.881 0.580 0.410 0.158 1.589 4.128

RSD 3.2% 3.0% 2.6% 2.3% 5.0% 4.8% 7.0% 2.6% 1.3% 15.8% 30.2%

Rpd v Prep 10.6% -8.9% -25.9% 36.8% -26.9% 18.6% -46.6% 3.3% -18.5% -34.9% -11.4%

AUTHENTIC SAMPLES LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated(nmol/mL)Calculated Reported ECC  

Ur-SA Mean 1.431 1.318 1.085 1.072 0.762 1.305 2.788 2.041 0.674 0.903 1.137 0.988 0.570 1.125 1.202 1.074 0.871 1.204 0.600 0.886 1.302 1.226

StDev 0.063 0.058 0.031 0.030 0.061 0.112 0.045 0.033 0.202 0.285 0.185 0.174 0.020 0.037 0.079 0.073 0.039 0.048 0.167 0.247 0.706 0.386

RSD 4.4% 4.4% 2.8% 2.8% 8.1% 8.6% 1.6% 1.6% 30.0% 31.6% 16.2% 17.6% 3.5% 3.3% 6.5% 6.8% 4.5% 3.9% 27.9% 27.9% 54.2% 31.5%

Rpd v ECC 8.2% 1.2% -52.6% 30.9% -29.1% 14.1% -65.5% 11.2% -32.1% -38.5%

Ur-SB Mean 1.169 1.078 0.874 0.864 0.600 1.033 1.960 1.452 0.601 0.799 1.065 0.920 0.405 0.835 0.964 0.854 0.726 1.025 0.460 0.680 1.031 0.982

StDev 0.036 0.032 0.012 0.011 0.130 0.197 0.045 0.039 0.182 0.258 0.204 0.190 0.069 0.121 0.037 0.036 0.012 0.016 0.110 0.162 0.471 0.244

RSD 3.1% 3.0% 1.4% 1.3% 21.6% 19.1% 2.3% 2.7% 30.3% 32.3% 19.2% 20.7% 17.0% 14.5% 3.9% 4.2% 1.6% 1.5% 23.8% 23.8% 45.7% 24.8%

Rpd v ECC 8.2% 1.1% -53.1% 29.8% -28.3% 14.6% -69.3% 12.0% -34.2% -38.5%

Ur-SC Mean 1.309 1.206 1.018 1.007 0.536 0.921 1.685 1.258 0.733 0.988 1.573 1.405 0.494 0.989 1.116 0.992 0.583 0.856 0.695 1.027 1.140 1.107

StDev 0.112 0.102 0.013 0.012 0.196 0.294 0.030 0.016 0.100 0.142 0.861 0.815 0.013 0.025 0.028 0.023 0.039 0.052 0.038 0.056 0.416 0.189

RSD 8.5% 8.5% 1.3% 1.2% 36.5% 32.0% 1.8% 1.3% 13.7% 14.4% 54.7% 58.0% 2.6% 2.6% 2.5% 2.4% 6.6% 6.1% 5.4% 5.4% 36.5% 17.1%

Rpd v ECC 8.2% 1.1% -52.8% 29.0% -29.5% 11.3% -66.8% 11.7% -37.9% -38.5%

Ur-SD Mean 4.128 3.785 3.054 3.299 2.204 3.571 4.512 3.286 1.985 2.762 2.941 2.700 1.799 3.288 3.565 3.324 2.662 3.379 2.230 3.294 3.299 3.295

StDev 0.045 0.050 0.062 0.056 0.055 0.278 0.034 0.030 0.136 0.198 0.022 0.018 0.025 0.044 0.131 0.124 0.073 0.097 0.104 0.154 0.813 0.317

RSD 1.1% 1.3% 2.0% 1.7% 2.5% 7.8% 0.8% 0.9% 6.9% 7.2% 0.7% 0.6% 1.4% 1.3% 3.7% 3.7% 2.7% 2.9% 4.7% 4.7% 24.6% 9.6%

Rpd v ECC 8.7% -7.7% -47.4% 31.4% -32.8% 8.5% -58.5% 7.0% -23.8% -38.5%

Ur-SE Mean 8.226 7.537 5.655 6.084 3.580 6.130 10.393 7.512 3.610 5.062 6.149 5.913 3.322 5.956 5.839 5.555 6.088 7.541 2.749 4.061 6.443 6.315

StDev 0.345 0.317 0.045 0.047 0.149 0.258 0.201 0.142 1.194 1.691 1.135 1.476 0.068 0.135 0.100 0.100 0.706 0.849 1.156 1.708 2.367 1.311

RSD 4.2% 4.2% 0.8% 0.8% 4.2% 4.2% 1.9% 1.9% 33.1% 33.4% 18.5% 25.0% 2.1% 2.3% 1.7% 1.8% 11.6% 11.3% 42.1% 42.1% 36.7% 20.8%

Rpd v ECC 8.7% -7.3% -52.5% 32.2% -33.5% 3.9% -56.8% 5.0% -21.3% -38.5%

Ur-SF Mean 2.341 2.150 1.895 1.930 1.197 1.953 5.645 4.091 1.232 1.692 1.710 1.532 1.102 2.062 2.381 2.187 1.690 2.201 1.080 1.595 2.392 2.241

StDev 0.216 0.198 0.080 0.056 0.146 0.228 0.156 0.113 0.147 0.209 0.433 0.409 0.055 0.094 0.046 0.047 0.103 0.127 0.189 0.279 1.501 0.862

RSD 9.2% 9.2% 4.2% 2.9% 12.2% 11.7% 2.8% 2.8% 11.9% 12.3% 25.3% 26.7% 5.0% 4.6% 1.9% 2.1% 6.1% 5.8% 17.5% 17.5% 62.7% 38.4%

Rpd v ECC 8.5% -1.8% -48.0% 31.9% -31.5% 11.0% -60.7% 8.5% -26.3% -38.5%

Ur-SG Mean 5.389 4.944 4.325 4.674 2.983 4.802 13.152 9.500 3.044 4.254 4.699 4.371 2.513 4.548 5.320 5.043 4.578 5.704 2.165 3.198 5.661 5.348

StDev 0.119 0.111 0.034 0.035 0.754 1.223 0.384 0.271 0.221 0.313 0.725 0.695 0.052 0.085 0.064 0.064 0.137 0.212 0.354 0.523 3.474 1.985

RSD 2.2% 2.3% 0.8% 0.8% 25.3% 25.5% 2.9% 2.9% 7.2% 7.4% 15.4% 15.9% 2.1% 1.9% 1.2% 1.3% 3.0% 3.7% 16.3% 16.3% 61.4% 37.1%

Rpd v ECC 8.6% -7.8% -46.7% 32.2% -33.2% 7.2% -57.6% 5.3% -21.9% -38.5%



NIC Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

US-0 0.000 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

US-1 0.616 Mean 0.756 0.635 0.379 0.329 0.573 0.497 0.549 0.717 0.508 0.567 0.528

StDev 0.020 0.032 0.049 0.094 0.089 0.151 0.086 0.074 0.046 0.007 0.120

RSD 2.6% 5.0% 13.0% 28.6% 15.6% 30.3% 15.7% 10.4% 9.1% 1.2% 22.6%

Rpd v Prep 22.6% 3.0% -38.5% -46.7% -7.0% -19.4% -10.9% 16.3% -17.6% -8.0% -14.3%

US-2 1.233 Mean 1.500 1.291 1.027 0.596 1.195 1.121 1.251 1.315 1.088 1.132 1.113

StDev 0.047 0.021 0.131 0.094 0.139 0.142 0.057 0.074 0.073 0.032 0.216

RSD 3.1% 1.6% 12.8% 15.8% 11.6% 12.6% 4.6% 5.6% 6.7% 2.8% 19.4%

Rpd v Prep 21.6% 4.7% -16.7% -51.7% -3.1% -9.1% 1.5% 6.7% -11.8% -8.2% -9.7%

US-3 3.082 Mean 3.694 3.200 2.666 2.117 2.982 3.086 3.088 3.310 3.127 2.884 2.940

StDev 0.091 0.069 0.218 0.233 0.292 0.084 0.082 0.075 0.140 0.193 0.361

RSD 2.5% 2.2% 8.2% 11.0% 9.8% 2.7% 2.7% 2.3% 4.5% 6.7% 12.3%

Rpd v Prep 19.8% 3.8% -13.5% -31.3% -3.3% 0.1% 0.2% 7.4% 1.5% -6.4% -4.6%

US-4 6.165 Mean 7.622 6.262 5.201 4.829 4.973 5.954 6.208 6.370 6.208 6.037 5.782

StDev 0.128 0.144 0.121 0.498 0.527 0.223 0.165 0.188 0.051 0.146 0.605

RSD 1.7% 2.3% 2.3% 10.3% 10.6% 3.7% 2.7% 3.0% 0.8% 2.4% 10.5%

Rpd v Prep 23.6% 1.6% -15.6% -21.7% -19.3% -3.4% 0.7% 3.3% 0.7% -2.1% -6.2%

US-5 12.330 Mean 15.779 12.596 12.397 9.536 11.108 11.325 11.728 12.986 12.878 12.196 11.861

StDev 0.594 0.100 0.428 0.934 0.543 1.046 0.185 0.155 0.095 0.677 1.091

RSD 3.8% 0.8% 3.5% 9.8% 4.9% 9.2% 1.6% 1.2% 0.7% 5.6% 9.2%

Rpd v Prep 28.0% 2.2% 0.5% -22.7% -9.9% -8.2% -4.9% 5.3% 4.4% -1.1% -3.8%

US-6 30.825 Mean 37.516 29.976 29.814 22.113 27.805 31.879 29.465 30.636 32.592 32.070 29.594

StDev 0.310 0.532 3.345 3.337 2.167 0.550 1.442 1.048 0.681 0.993 3.178

RSD 0.8% 1.8% 11.2% 15.1% 7.8% 1.7% 4.9% 3.4% 2.1% 3.1% 10.7%

Rpd v Prep 21.7% -2.8% -3.3% -28.3% -9.8% 3.4% -4.4% -0.6% 5.7% 4.0% -4.0%

AUTHENTIC SAMPLES LAB-03 LAB-04 LAB-05 LAB-06 LAB-07 LAB-08 LAB-09 LAB-10 LAB-11 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated Reported ECC  

Ur-SA Mean 5.969 4.843 4.666 3.551 4.407 5.002 2.980 4.206 3.699 4.100 4.726 4.860 4.751 4.837 4.948 4.668 4.930 4.849 4.463 4.552 4.669 4.504

StDev 0.130 0.105 0.063 0.044 0.060 0.318 0.498 0.641 1.096 1.247 0.050 0.057 0.251 0.252 0.167 0.151 0.169 0.161 0.249 0.251 0.888 0.481

RSD 2.2% 2.2% 1.3% 1.2% 1.4% 6.4% 16.7% 15.2% 29.6% 30.4% 1.1% 1.2% 5.3% 5.2% 3.4% 3.2% 3.4% 3.3% 5.6% 5.5% 19.0% 10.7%

Rpd v ECC 20.8% 27.1% -12.7% -34.1% -10.3% -2.8% -1.8% 5.8% 1.7% -2.0%

Ur-SB Mean 4.054 3.290 3.260 2.542 2.953 3.390 2.281 3.266 3.068 3.382 3.046 3.168 3.070 3.139 3.495 3.257 3.319 3.309 2.799 2.877 3.179 3.101

StDev 0.090 0.073 0.023 0.016 0.413 0.314 0.343 0.442 0.986 1.122 0.043 0.036 0.693 0.693 0.099 0.106 0.080 0.075 0.496 0.499 0.557 0.288

RSD 2.2% 2.2% 0.7% 0.6% 14.0% 9.3% 15.0% 13.5% 32.2% 33.2% 1.4% 1.1% 22.6% 22.1% 2.8% 3.3% 2.4% 2.3% 17.7% 17.3% 17.5% 9.3%

Rpd v ECC 20.8% 24.8% -13.8% -35.5% -9.7% -3.9% -2.2% 7.0% 0.3% -2.7%

Ur-SC Mean 3.055 2.482 2.625 2.087 2.457 2.694 1.706 2.533 2.302 2.508 2.525 2.647 2.403 2.463 2.634 2.442 2.445 2.478 2.289 2.363 2.468 2.433

StDev 0.069 0.055 0.034 0.025 0.017 0.009 0.498 0.648 0.360 0.408 0.244 0.236 0.025 0.026 0.118 0.112 0.194 0.182 0.022 0.022 0.411 0.176

RSD 2.2% 2.2% 1.3% 1.2% 0.7% 0.3% 29.2% 25.6% 15.6% 16.3% 9.7% 8.9% 1.0% 1.0% 4.5% 4.6% 7.9% 7.4% 0.9% 0.9% 16.7% 7.2%

Rpd v ECC 20.7% 22.9% -9.2% -39.0% -8.6% -4.7% -2.4% 7.6% -1.3% -3.2%

Ur-SD Mean 7.396 5.988 6.241 6.878 6.317 6.639 3.761 5.199 4.593 5.111 5.951 6.092 5.920 6.021 6.575 6.265 6.161 6.023 5.556 5.653 5.949 6.014

StDev 0.123 0.111 0.200 0.199 0.040 0.036 0.185 0.258 0.333 0.379 0.189 0.187 0.221 0.244 0.216 0.182 0.051 0.048 0.018 0.018 1.123 0.518

RSD 1.7% 1.9% 3.2% 2.9% 0.6% 0.5% 4.9% 5.0% 7.3% 7.4% 3.2% 3.1% 3.7% 4.0% 3.3% 2.9% 0.8% 0.8% 0.3% 0.3% 18.9% 8.6%

Rpd v ECC 21.1% -9.7% -5.0% -32.1% -10.7% -2.3% -1.7% 4.8% 2.3% -1.7%

Ur-SE Mean 19.642 15.914 15.460 16.496 14.167 16.264 11.036 14.676 12.063 13.585 16.127 16.308 15.967 16.147 16.458 16.178 17.104 16.470 15.710 15.878 15.934 15.989

StDev 0.524 0.439 0.081 0.116 0.666 0.771 0.834 1.092 4.038 4.579 0.451 0.459 0.882 0.866 0.537 0.609 0.263 0.253 1.081 1.088 2.572 0.628

RSD 2.7% 2.8% 0.5% 0.7% 4.7% 4.7% 7.6% 7.4% 33.5% 33.7% 2.8% 2.8% 5.5% 5.4% 3.3% 3.8% 1.5% 1.5% 6.9% 6.9% 16.1% 3.9%

Rpd v ECC 21.0% -6.5% -13.8% -28.3% -11.9% -1.1% -1.1% 1.7% 3.8% -1.1%

Ur-SF Mean 11.547 9.378 8.784 9.543 8.611 9.277 5.980 8.111 7.100 7.949 9.525 9.687 9.424 9.553 10.068 9.703 10.091 9.777 8.654 8.772 9.236 9.282

StDev 0.339 0.267 0.071 0.060 0.137 0.478 0.626 0.811 1.064 1.207 0.083 0.102 0.128 0.137 0.155 0.184 0.197 0.185 0.047 0.047 1.732 0.618

RSD 2.9% 2.8% 0.8% 0.6% 1.6% 5.2% 10.5% 10.0% 15.0% 15.2% 0.9% 1.1% 1.4% 1.4% 1.5% 1.9% 2.0% 1.9% 0.5% 0.5% 18.7% 6.7%

Rpd v ECC 20.7% -8.3% -7.4% -30.2% -11.3% -1.7% -1.4% 3.7% 3.2% -1.4%

Ur-SG Mean 27.634 22.403 20.149 21.546 22.891 24.461 14.797 19.579 18.136 20.474 21.954 22.063 20.370 20.610 22.725 22.622 23.455 22.521 20.118 20.316 21.547 21.579

StDev 0.761 0.612 0.305 0.350 0.786 2.092 1.730 2.222 1.557 1.780 1.094 1.098 0.223 0.230 0.642 0.741 0.500 0.476 1.663 1.674 3.912 1.189

RSD 2.8% 2.7% 1.5% 1.6% 3.4% 8.6% 11.7% 11.3% 8.6% 8.7% 5.0% 5.0% 1.1% 1.1% 2.8% 3.3% 2.1% 2.1% 8.3% 8.2% 18.2% 5.5%

Rpd v ECC 20.9% -6.7% -6.6% -27.8% -12.1% -0.5% -1.2% 0.5% 4.1% -1.0%



CORESTA 4th Ring Trial on Nicotine and 
its Metabolites in Urine 

and
3rd Proficiency Test on Cotinine in Saliva

Plots of data for standards and 
authentic samples.



• These samples are urine and saliva standards (blank 
urine or saliva spiked with known amounts of six 
analytes).

• Each bar represents the mean of three determinations 
for that lab.

• Error bars represent critical difference (based on t-test, 
95% C.I., and standard deviation) of prepared and 
reported concentrations.

• Horizontal lines on plot show prepared concentrations.

• First three standards in each plot are multiplied by 10 for 
illustrative purposes.  Thus, on these plots, US-1 and 
US-4 have the same concentration, US-2 and US-5 have 
the same concentration, and US-3 and US-6 have the 
same concentration.

Plots of Reported Concentrations 

for Standards
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Plots of Mean Concentrations by Lab 

for Authentic Samples 

• Urine and saliva samples from smokers 
labeled A – G.

• Reported concentrations shown on left 
side of plot.

• Concentrations re-calculated using 
embedded calibration curve shown on 
right side of plot.

• Error bars represent standard deviation.
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Fourth CORESTA Ring Trial on Nicotine Fourth CORESTA Ring Trial on Nicotine 

and its Metabolites in Urine and its Metabolites in Urine 

andand

Third Proficiency Test on Salivary Third Proficiency Test on Salivary CotinineCotinine

(CRT4)(CRT4)

Report to Task ForceReport to Task Force

October 18, 2006October 18, 2006

Gary D. Byrd and Michael W. Ogden
R. J. Reynolds Tobacco Company
Winston-Salem, NC  USA



Nicotine Uptake Task Force 

Mission (2001)

• To develop a Recommended Method for 

nicotine uptake in smokers. 

• To evaluate validity of cotinine as a single 

biomarker for nicotine uptake. 

• To investigate differences in nicotine 

uptake between various populations



Background

• From Ring Trials 1 and 2, inter- and intra-laboratory 
variability was acceptable with either the direct or indirect 
methods.

• Some systematic deviations between methods still need 
to be clarified.

• Ring Trial 3 had some unexplainable results and the 
data may not be useful.

• For salivary cotinine, the latest test showed that inter-
laboratory variability was unacceptable and there may be 
a problem with calibrators.



Objectives of CRT4

• Repeat a round-robin type of study with spiked 

and authentic samples to verify past trends but 

using a larger number of test samples.

• Include some type of standards in the set to 

compensate for possible inconsistencies in 

reference material purity.

• Complete by the end of 2006.



“No experiment, regardless of how 

brilliantly designed and flawlessly 

executed, will ever satisfy more 

than 5% of the people concerned.”

-- Anonymous



Plan

• Produce and ship homogeneous set of samples 

to all laboratories to once again assess testing of 

spiked and authentic samples.

• Calibrators:

– Shipment of solutions considered but issues of 

solvent compatibility and sufficient mass availibility.

– Decided on “embedded calibration curve” as the 

spiked samples.



Embedded Calibration Curve

• Sample set contains coded samples that are actually 
standards used by coordinator to generate a standard 
curve post-analysis using each lab’s type of calibration 
curve (linear, quadratic, power function, etc.).

• Range of concentrations covers authentic samples.

• Results will assess:
– Ability of each lab to reproducibly prepare and analyze spiked  

samples (calibration standards).
– Goodness of fit (error of back-calculated concentration) of each 

data set to the calibration curve.
– Analyte concentrations in authentic samples using independently 

prepared calibration standards versus lab’s own calibration 
standards.



Prep.
Instrumental

analysis

Analyte reference

material

Primary Standard

Working Standard

Aliquotted

Standard

Blank Matrix

Aliquotted

Sample

Sample

Generic Analytical Scheme

(Filter, extraction, etc.)

(LC-MS/MS or other)

Calculated

concentration 

of analyte(Calibration curve)

(Purity, stability)

Internal Standard

ECC



Ring Trial 4 Design

• Seven authentic samples in triplicate from 
smokers representing a range of exposures 
based on previous analyses.

• Seven spiked blank matrix samples in triplicate
representing a calibration range spanning the 
authentic samples above.

• Total:  (7x3)  +  (7x3) = 42 samples
– Coded at random

– Fill sequence monitored



US-0a

C4u-21yy

US-1a

C4u-01yy

US-2a

C4u-23yy

US-3a

C4u-24yy

US-4a

C4u-14yy

US-5a

C4u-11yy

US-6a

C4u-17yy

US-0b

C4u-41yy

US-1b

C4u-06yy

US-2b

C4u-25yy

US-3b

C4u-05yy

US-4b

C4u-20yy

US-5b

C4u-16yy

US-6b

C4u-27yy

US-0c

C4u-03yy

US-1c

C4u-37yy

US-2c

C4u-09yy

US-3c

C4u-02yy

US-4c

C4u-35yy

US-5c

C4u-07yy

US-6c

C4u-04yy

Arrangement of Urine 
Standards

-Blue = sample name

-Red = sample code

-yy = fill sequence



Ur-SA1

C4u-08yy

Ur-SB1

C4u-33yy

Ur-SC1

C4u-31yy

Ur-SD1

C4u-34yy

Ur-SE1

C4u-15yy

Ur-SF1

C4u-11yy

Ur-SG1

C4u-42yy

Arrangement of 
Authentic Urine 

Samples

-Blue = sample name

-Red = sample code

-yy = fill sequence

Ur-SA2

C4u-13yy

Ur-SB2

C4u-30yy

Ur-SC2

C4u-18yy

Ur-SD2

C4u-22yy

Ur-SE2

C4u-19yy

Ur-SF2

C4u-29yy

Ur-SG2

C4u-36yy

Ur-SA3

C4u-40yy

Ur-SB3

C4u-26yy

Ur-SC3

C4u-39yy

Ur-SD3

C4u-38yy

Ur-SE3

C4u-10yy

Ur-SF3

C4u-28yy

Ur-SG3

C4u-32yy



Requests of Participating Labs

• Analyze each of the 42 samples as an unknown 

using their own calibration standards according 

to their usual method.

• Return to RJRT the data from the analytical runs 

including:

– concentrations in units of nmol/mL

– area counts of each analyte and internal standard 

– the calibration equation used in determining 

concentrations



Preparation of CRT4 Samples

• Samples well blended at room temperature, 

continuously stirred while aliquots removed.

• Aliquots taken at mid-level to avoid 

inhomogeneity from:

– Foam near the top

– Sediments near the bottom

• Fill order recorded and a marker analyte 

(cotinine) monitored on samples 1, 2 and 15.

• Processing noted by two witnesses to reduce 

chance of misplacing aliquots.



Fill Monitoring
• Urine diluted to 

appropriate range.

• The first two 
(Seq01 & Seq02) 
and final (Seq15) 
sample in each 
sequence were 
analyzed.

• The mean of 
Seq01 and Seq02 
was compared 
with Seq15.

• No differences 
>10% were 
observed.
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Reference Materials 

Composition Assessments

• Noted source, lot number, and 
appearance of each neat material

• Aglycons analyzed by GC-MS

• Conjugated samples analyzed by LC-DAD

• No assessment for water content



NIC
Clear liquid
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COT
Off-white crystals that melt at r.t.

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0011.0012.00

1000000

2000000

3000000

4000000

5000000

6000000

7000000

8000000

9000000

   1e+07

 1.1e+07

Time-->

Abundance

TIC: D1082.D

COT: >99.9%



3HC
White powder
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NICG
Orange crystals

NICG PS060619

Time
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COTG
White crystals

COTG PS060619
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3HCG
Orange crystals

3HCG PS060619

Time
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94.3% by HPLC-DAD



Preparation of Urine Standards

Primary 
Standards

Spiking 
Solution

Urine 
Standards

1 2 3 4 5 6

NIC NICG COT COTG 3HC 3HCG

Rel. Conc.    

1x               2x                5x                          10x              20x             50x



Preparation of Saliva Standards

Primary 
Standard

Spiking 
Solution

Saliva 
Standards

1 2 3 4 5 6

NICCOT

Rel. Conc.    

1x               2x                5x                          10x              20x             50x

Added to simulate matrix



Packaging and Shipping

• Samples frozen at -80°C immediately after 

filling.

• Packed in DHL’s ThermoExpress®.

• Shipped to each lab within 5 days (still chilled) 

except for 2 of 10 labs.



Results

• How well do labs agree on analytes in:

– spiked levels in blank urine?

– authentic samples?

– ECC corrected data in authentic samples?

• How well does urinary COT correlate with 
total nicotine equivalents?



Fitting Data to ECC
1. Plotted prepared concentration (X) versus response 

ratio of analyte/internal standard (Y).

2. Fitted to participant’s type of calibration curve (linear, 
quadratic, or power function) with 1/X weighting.

3. Compared back-calculated data to each point.

4. If necessary, omitted up to two points that exceed ±20% 
deviation (but not both at the same level).

5. Replotted data with omitted points.  Used this equation 
to generate “ECC-adjusted” concentrations for authentic 
samples.
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COT (Lab X)

3.8%29.4704.888828.379

0.3%28.4534.787728.379

-4.1%27.2204.658528.379

1.5%11.5202.394111.352

-1.7%11.1542.327611.352

0.1%11.3602.365111.352

-1.6%5.5841.23875.676

1.6%5.7661.27665.676

1.9%5.7871.28095.676

-1.4%2.7980.63992.838

-0.5%2.8230.64532.838

-1.0%2.8100.64252.838

3.2%1.1720.27361.135

-0.4%1.1310.26421.135

-1.0%1.1240.26261.135

-0.9%0.5620.13320.568

0.6%0.5710.13520.568

-0.1%0.5670.13430.568

%Diffnmol/mLAnlt/ISnmol/mL

Back CalcBack CalcArea RatStd Prep
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5.7%32.58720.247530.825

-21.4%24.22770.184430.825

-1.0%30.51010.231830.825

14.6%14.12480.108112.330

-1.4%12.15380.093212.330

-3.7%11.87230.091112.330

-5.5%5.82420.04546.165

12.9%6.96120.05406.165

12.3%6.92470.05376.165

6.0%3.26700.02613.082
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46.4%0.90270.00830.616

-2.9%0.59870.00600.616

%Diffnmol/mLAnlt/ISnmol/mL
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NIC (Lab Y)



Results

Urine Standards

(blank urine spiked with known 
amounts of six analytes)
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Summary of Results for Spiked 

Urine Samples

• Total nicotine equivalents show fair 
agreement with approximately half (28 of 
60) of the reported concentrations not 
statistically different from the prepared 
concentrations.

• Most variability with glucuronides.



Results

Authentic Samples

(urine from smokers)
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Summary of Results for 

Authentic Urine  Samples

• Total nicotine equivalents show fair agreement 

with a CV range 12.0 – 24.2 for the seven 

samples here.

• Most variability with glucuronides.

• Embedded calibration curve improves 

agreement of data.



9.05.714.99.120.55.427.38.1

Overall 

Average CVs

7.24.710.27.514.74.115.37.2Tot Nic EquUrine

13.28.317.99.649.65.345.88.33HCGUrine

11.56.514.89.413.86.716.18.43HCUrine

9.35.115.16.924.02.926.05.4COTGUrine

6.44.411.78.59.55.516.18.2COTUrine

16.59.926.112.935.511.645.510.0NICGUrine

6.24.910.98.87.45.117.57.5NIC Urine

1.61.612.69.49.81.836.39.7COTSaliva

BetweenWithinBetweenWithinBetweenWithinBetweenWithinAnalyteMatrix

Outliers 

RemovedAll Labs*

Outliers 

RemovedAll Labs*

ECC Samples OnlyAll Samples
Coefficients of 
Variation (CV)

*LAB-15 data not included for SalCOT.

Statistical analyses by Tom Steichen of RJRT.



Overall Summary

• The ability of a lab to repeat a result is about 3 times as 
good as another lab to produce the similar results.

• Use of the ECC had little effect on within lab variability 
but halved variability between labs.

• Glucuronides show most variability; possible factors:
– Reference material inconsistency (see CV distribution).

– Come in $mall amount$ (10 mg) which are difficult to handle.

– Elute close to solvent front (in direct method) where matrix 
effects have greatest impact.



Additional Notes

• HPLC-derivatization method gave one of 
the best agreements with prepared 
amounts.



Correlation of COT 

and Total Nicotine 

Equivalents in Urine

(Correlation with saliva cotinine

not possible in this study.)
0.781646L14

0.821158Max =

0.720554Min =

0.030777StDev

0.770429Mean

0.776464L11
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0.745514L09
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0.744576L05

0.720554L04

0.760413L03

RLAB



The Direct Method

(personal observation)

• Good features:  

– most labs now use it.

– easier and faster to perform.

– results here show generally fair agreement among. 

labs for accuracy and precision.

• Drawbacks:

– requires use of expensive and hard to get reference 

materials of possibly varying purity.

– can only be run using LC-MS/MS.



• Good features:

– avoids use of troublesome conjugated standards and 
internal standards.

– can be run on less expensive equipment such as GC.

– hydrolysis may account for more nicotine uptake by 
releasing other conjugated metabolites.

• Drawbacks:

– more labor intensive.

– slower.

– difficult to add N-oxides to analysis.

– seems out of fashion.

The Indirect Method

(personal observation)



Possible Next Steps

1. Declare current methods “adequate” based on 
these results and cease.

2. Perform another ring trial after viewing this 
study for self-corrections by each lab.

3. Create a standardized method.

4. Create a reference material for smokers’ urine 
to be used as a control.



Reference Material (RM)

• A substance whose properties are sufficiently 

established to calibrate a chemical analyzer or 

validate a measurement process.

• Production by non-affiliated organization (NIST 

or CEN) preferable to have merit for widespread 

use.

• Useful as a quality control sample for routine 

assays.

• Would involve financial investment.
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CORESTA Task Force (TF) Nicotine Uptake 

 

Ring Trial No 5 
 

 

 

1. Background and purpose of Ring Trial 5 
 

From the last ring trial (4
th

 Ring Trial) on nicotine equivalents in urine, the lacking availability of 

certified standard solutions of the glucuronides of nicotine, cotinine and trans-3’-hydroxycotinine 

was identified as a major problem of standardizing the analytical method for urinary nicotine 

equivalents. In addition, for quality control purposes, reference materials with certified 

concentrations of nicotine + 5 metabolites would be required. 

At the last Task Force Meeting on Oct 18, 2006 in Paris, the group decided to cooperate with 

suitable companies, which could provide the required standards. 

The Munich-based company RECIPE agreed to cooperate with the TF on the above mentioned 

items. For a kind of pilot study, RECIPE has agreed to provide at no expense the following 

materials: 

 

o Stock solutions for the glucuronides of nicotine, cotinine and trans-3’-hydroxycotinine at 

defined concentrations of 50 mg/l (RECIPE product name ‘ClinCal- Standard 

Solutions’) 

 

o Quality control lyophilized urine samples prepared from pooled smoker urine samples, in 

three different levels (RECIPE product name ‘ClinChek- Control’) 

 

It is the purpose of Ring Trial 5 to find out, whether  

 

1. The ‘ClinCal- Standard Solutions’ meet the requirements to be used as stock 

solution for the analytical determination of urinary nicotine equivalents. Questions to 

be answered are: 

- How reliable are the provided concentrations? (Information on the preparation 

method of the stock solution and analytical data will be provided by RECIPE) 

- How does the calibration based on the ‘ClinCal- Standard Solutions’ compare 

with the calibration based on the ‘in-house’ stock/working solutions of each lab? 

- Is the provided concentration (50 mg/l) suitable? 

- Is the solvent (water) suitable? 

- Which data are available on the stability of ‘ClinCal- Standard Solutions’? 

- How long can the ‘ClinCal- Standard Solutions’ be used? 

 

2. The ‘ClinChek- Control’ samples meet the requirements to be used (in the future) as 

reference material with a certified level. In Ring Trial 5, the ‘ClinChek- Control’ 

samples are used as (for the participating labs) blinded samples which are to be 

analyzed using both ‘ClinCal- Standard Solutions’ and the own stock solutions for 

calibration.  Questions to be answered are: 

- What is the deviation between the two calibrations? 

- What is the deviation between the results of the participating labs and the 

‘certified’ level? (It has to be discussed, what the ‘certified level’ is. Is it the level, 

which the supplier (RECIPE) provides? Certainly not a good approach, since 

RECIPE has less analytical experience with urinary nicotine equivalents than any 

of the participating lab. Is it the consensus value? Is it the value obtained by the 
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most experienced reference labs? This is certainly a matter of discussion at our 

next TF meeting(s).) 

- What is the intra-lab variation for the triplicates at the three levels? 

- What is the inter-lab variation when the own stock solutions were used for 

calibration? 

- What is the inter-lab variation when ‘ClinCal- Standard Solutions’ were used for 

calibration? 

- Are lyophilized (preferred by RECIPE) urine samples suitable as reference 

material? 

- What is the stability of the ‘ClinChek- Control’ material in lyophilized and re-

dissolved form? 

 

The questions in blue are to be answered by the supplier (RECIPE). The other questions are 

to be answered by the results of Ring Trial 5 and the experience made by the participating 

labs during this endeavor.  

 

 

 

 

2. Design of Ring Trial 5 
 

RECIPE will ship at ambient temperature (not on dry ice) the following materials to the 

participating labs listed in the Appendix 1 to this document: 

 

o 1 ml stock solution of nicotine-N-glucuronide in water, 50 mg/l 

o 1 ml stock solution of cotinine-N-glucuronide in water, 50 mg/l 

o 1 ml stock solution of trans-3’-hydroxycotinine-O-glucuronide in water, 50 mg/l 

o 9 lyophilized urine samples (No 1 – 9, randomly coded) to be reconstituted with 3 ml 

water (triplicates of 3 smoking levels) 

 
Participants are asked to read carefully the instructions from RECIPE which come with the 

samples. 

 

Participants are asked to use the RECIPE  ‘ClinCal- Standard Solutions’ (specifications see 

Appendix 2) as stock solution for Calibration 1. In addition, please perform Calibration 2 as 

usual with your own stock/working solutions. 

  

Please reconstitute and analyze the 9 lyophilized urine samples (‘ClinChek- Control’ samples, 

specifications, see Appendix 3). Evaluate data for glucuronides with both Calibration 1 and 

Calibration 2. 

 

Report data by completing the attached Excel file (please also answer the included 5 questions) 

and send completed data file to 

 

Gerhard Scherer, ABF GmbH, Muenchen , GERMANY , e-mail:  gerhard.scherer@abf-lab.com 
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3. Time frame for Ring Trial 5 
 

Shipment of samples and stock solutions:  July 16, 2007 

Return of results (deadline)
1
:    September 14, 2007 

Draft report of results:    September 26, 2007 

Report and discussion at TF meeting:  September 30, 2007 (Jeju Island, Korea)  

 

 

 

 

 

 

 

 

 

 

Munich, July 12, 2007  Gerhard Scherer (TF coordinator) 

                                                 
1
 If you cannot meet this deadline, please send your results at your earliest convenience. The reports will have to be 

postponed appropriately.  
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Appendix 1 
 

No 
Contact Person / 

Address 
e-mail / Remarks Shipping Address 

1 Müller, Jutta 

Austria-Tabak GmbH 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

Jutta.mueller@austriatabak.com 

 

 

Jutta Müller 

Austria-Tabak GmbH 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

2 Cahours, Xavier  Dr. 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-

Aubrais 

France 

xavier.cahours@altadis.com 
 
Requires 2 ml of stock solutions 

(2 sets of ClinCal) 

Dr. Xaxier Cahours 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

FRANCE 

3 Ciaravolo, Stefano 

BAT Italia S.p.A. 

Via Cinthia, 45 

80126 Napoli 

ITALY 

sciaravo@unina.it 
 
 
Do not ship! Lab has not yet 

(12.07.2007) agreed to participate. 

Dr. Stefano Ciaravolo 

BAT Italia S.p.A. 

Complesso Universitario Monte S. Angelo 

Dipartimento di Chimica 

Via Cinzia 45 

80126 Napoli 

ITALIA 

4 Byrd, Gary 

RJ Reynolds Tobacco 

Company 

P.O. Box 1487 

Winston Salem, NC 

27102 

USA 

BYRDG@RJRT.com 

 

 

Dr. Gary Byrd 

RJ Reynolds Tobacco Company 

R&D 

950 Reynolds Blvd. 

Winston Salem, NC 27105 

USA 

5 Wenzel, Elisabeth Dr. 

PHILIP MORRIS 

Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

elisabeth.wenzel@pmintl.com 

 

 

Dr. Elisabeth Wenzel 

PHILIP MORRIS Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

6 Hyung-Ok Sohn 

KT&G Central 

Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

Korea 

hosohn@tktng.com 

 

Hyung-Ok Sohn 

KT&G Central Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

KOREA 

7 Bentley, Mark 

MDS Pharma Services 

Switzerland AG  

Bioanalytical Principal 

Investigator  

Department of 

Chromatography  

Allmendstrasse 32  

CH-8320 Fehraltorf  

Switzerland 

Mark.Bentley@mdsps.com 

 

Bentley, Mark 

MDS Pharma Services Switzerland AG  

Bioanalytical Principal Investigator  

Department of Chromatography  

Allmendstrasse 32  

CH-8320 Fehraltorf  

Switzerland 

8 Bakes, David  

Associate Director, 

Bioanalytical Services  

Covance Laboratories  

Otley Road  

Harrogate  

North Yorkshire  

HG3 1PY 

David.Bakes@covance.com 

 

David Bakes  

Associate Director, Bioanalytical Services  

Covance Laboratories  

Otley Road  

Harrogate  

North Yorkshire  

HG3 1PY 

UK 
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UK 

9 Sharifi, Mehran 

Labstat International 

Inc. 

262 Manitou Drive 

Kitchener 

Ontario 

N2C 1L3 

CANADA 

msharifi@labstat.com 

 

Dr. Mehran Sharifi 

Labstat International Inc. 

262 Manitou Drive 

Kitchener 

Ontario 

N2C 1L3 

CANADA 

 

 

10 Newland, Kirk 

MDS Pharma 

Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

Kirk.Newland@mdsinc.com 

 

Kirk Newland 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

USA 

11 Scherer, Gerhard 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

gerhard.scherer@abf-lab.com 

 

Dr. Johannes Engl 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 
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Appendix 2 

 

 

ClinCal® - Standard Solutions 
 
FOR NICOTINE-N-GLUCURONIDE, COTININE-N-GLUCURONIDE AND 

TRANS-3´-HYDROXYCOTININE-O-GLUCURONIDE 

 

Dissolved in Water 

 
Lot Number: 727 
 
Specifications: 
 

• Standard Solution for Nicotine-N-Glucuronide 
 

Concentration: 50 mg/L ± 5% in water 
 
Raw substance: 20 mg unit, purchased from TRC 
   Lot number: 5-LZJ-25-5 
   Purity:  98% 
 
Manufacturing Procedure: 
 
The raw substance from TRC was lyophilized (in the original bottle from TRC). 
Mass difference (after/before lyo.):  3.57 mg 
 
14.75 mg of the dried raw substance were dissolved in 20 mL of water (under argon). 
1.695 mL of this solution were diluted to 25 mL with water. 
 
1.00 mL was filled into the ampule. 

 
 

• Standard Solution for Cotinine-N-Glucuronide 
 

Concentration: 50 mg/L ± 5% in water 
 
Raw substance: 20 mg unit, purchased from TRC 
   Lot number: 9-BBC-77-11 
   Purity:  99% 
 
Manufacturing Procedure: 
 
The raw substance from TRC was lyophilized (in the original bottle from TRC). 
Mass difference (after/before lyo.):  1.86 mg 
 
14.07 mg of the dried raw substance were dissolved in 20 mL of water (under argon). 
1.777 mL of this solution were diluted to 25 mL with water. 



 8 

 
1.00 mL was filled into the ampule. 

 
 

• Standard Solution for trans-3´-Hydroxycotinine-O-Glucuronide 
 

Concentration: 50 mg/L ± 5% in water 
 
Raw substance: 20 mg unit, purchased from TRC 
   Lot number: 2-XAL-101-6 
   Purity:  98% 
 
Manufacturing Procedure: 
 
The raw substance from TRC was lyophilized (in the original bottle from TRC). 
Mass difference (after/before lyo.):  2.71 mg 
 
17.15 mg of the dried raw substance were dissolved in 20 mL of water (under argon). 
1.458 mL of this solution were diluted to 25 mL with water. 
 
1.0 mL was filled into the ampule. 
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Appendix 3 

 

ClinChek® - Control 
Urine Control lyophilised 
 
FOR NICOTINE AND NICOTINE METABOLITES 
 
Lot Number: 717 
 
Specifications: 
 
 
Level 1: 
 
Manufacturing Procedure: Urine from nonsmokers was pooled with urine from smokers 

and then filtrated through a 0.2 µ filter. 
pH-Control: 6.8 
The urine was bottled a 3 ml (uncertainty: +/- 0.25%), the 
urine in the bottles was lyophilized. The bottles were capped 
under argon. 
 

Average residual moisture: 0.35% (by Karl Fischer) 
 
 
Level 2: 
 
Manufacturing Procedure: Urine from nonsmokers was pooled with urine from smokers 

and then filtrated through a 0.2 µ filter. 
 0.3 g/L Nicotine  and 0.3 g/L Cotinine were added. 

pH-Control: 6.6 
The urine was bottled a 3 ml (uncertainty: +/- 0.25%), the 
urine in the bottles was lyophilized. The bottles were capped 
under argon. 
 

Average residual moisture: 0.31% (by Karl Fischer) 
 
 
Level 3: 
 
Manufacturing Procedure: Urine from smokers was pooled and then filtrated through a 

0.2 µ filter. 
 1.5 g/L Nicotine  and 1.0 g/L Cotinine were added. 

pH-Control: 6.1 
The urine was bottled a 3 ml (uncertainty: +/- 0.25%), the 
urine in the bottles was lyophilized. The bottles were capped 
under argon. 
 

Average residual moisture: 0.32% (by Karl Fischer) 
 
 
 



CORESTA Task Force „Nicotine Uptake“ 

 

List of laboratories participating in 

1. 5
th

 Ring Trial on nicotine + 5 major metabolites in urine  

 

Status: July 11, 2005  Scheduled shipping date: Monday, July 16, 2007 

 

No Contact Person / Address e-mail Shipping Address 

1 Müller, Jutta 

Austria-Tabak GmbH 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

Jutta.mueller@austriatabak.com 

 

 

Jutta Müller 

Austria-Tabak GmbH 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

2 Cahours, Xavier  Dr. 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

France 

xavier.cahours@altadis.com 
 
 
Do not ship! Lab has not yet (11.07.2007) 

agreed to participate. 

Dr. Xaxier Cahours 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

FRANCE 

3 Ciaravolo, Stefano 

BAT Italia S.p.A. 

Via Cinthia, 45 

80126 Napoli 

ITALY 

sciaravo@unina.it 
 
 
Do not ship! Lab has not yet (11.07.2007) 

agreed to participate. 

Dr. Stefano Ciaravolo 

BAT Italia S.p.A. 

Complesso Universitario Monte S. Angelo 

Dipartimento di Chimica 

Via Cinzia 45 

80126 Napoli 

ITALIA 

4 Byrd, Gary 

RJ Reynolds Tobacco Company 

P.O. Box 1487 

Winston Salem, NC 27102 

USA 

BYRDG@RJRT.com 

 

 

Dr. Gary Byrd 

RJ Reynolds Tobacco Company 

R&D 

950 Reynolds Blvd. 

Winston Salem, NC 27105 

USA 

5 Wenzel, Elisabeth Dr. 

PHILIP MORRIS Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

elisabeth.wenzel@pmintl.com 

 

 

Dr. Elisabeth Wenzel 

PHILIP MORRIS Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 



 
6 Hyung-Ok Sohn 

KT&G Central Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

Korea 

hosohn@tktng.com 
 

Hyung-Ok Sohn 

KT&G Central Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

KOREA 

7 Bentley, Mark 
MDS Pharma Services Switzerland AG  
Bioanalytical Principal Investigator  
Department of Chromatography  
Allmendstrasse 32  
CH-8320 Fehraltorf  
Switzerland 

Mark.Bentley@mdsps.com 
 

Bentley, Mark 
MDS Pharma Services Switzerland AG  
Bioanalytical Principal Investigator  
Department of Chromatography  
Allmendstrasse 32  
CH-8320 Fehraltorf  
Switzerland 

8 Bakes, David  

Associate Director, Bioanalytical 

Services  

Covance Laboratories  

Otley Road  

Harrogate  

North Yorkshire  

HG3 1PY 

UK 

David.Bakes@covance.com 
 

David Bakes  

Associate Director, Bioanalytical Services  

Covance Laboratories  

Otley Road  

Harrogate  

North Yorkshire  

HG3 1PY 

UK 

9 Sharifi, Mehran 

Labstat International Inc. 

262 Manitou Drive 

Kitchener 

Ontario 

N2C 1L3 

CANADA 

msharifi@labstat.com 
 

Dr. Mehran Sharifi 

Labstat International Inc. 

262 Manitou Drive 

Kitchener 

Ontario 

N2C 1L3 

CANADA 

 

 

10 Newland, Kirk 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

Kirk.Newland@mdsinc.com 
 

Kirk Newland 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

USA 



 
11 Scherer, Gerhard 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

gerhard.scherer@abf-lab.com 
 

Dr. Johannes Engl 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 
    

    



 
5 Wenzel, Elisabeth Dr. 

PHILIP MORRIS Research 

Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

elisabeth.wenzel@pmintl.com 

 

 

Dr. Elisabeth Wenzel 

PHILIP MORRIS Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

6 Hyung-Ok Sohn 

KT&G Central Research 

Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

Korea 

hosohn@tktng.com 
 

Hyung-Ok Sohn 

KT&G Central Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

KOREA 

7 Bentley, Mark 
MDS Pharma Services 
Switzerland AG  
Bioanalytical Principal 
Investigator  
Department of 
Chromatography  
Allmendstrasse 32  
CH-8320 Fehraltorf  
Switzerland 

Mark.Bentley@mdsps.com 
 

Bentley, Mark 
MDS Pharma Services Switzerland 
AG  
Bioanalytical Principal Investigator  
Department of Chromatography  
Allmendstrasse 32  
CH-8320 Fehraltorf  
Switzerland 

8 Bakes, David  

Associate Director, 

Bioanalytical Services  

Covance Laboratories  

Otley Road  

Harrogate  

North Yorkshire  

HG3 1PY 

UK 

David.Bakes@covance.com 
 

David Bakes  

Associate Director, Bioanalytical 

Services  

Covance Laboratories  

Otley Road  

Harrogate  

North Yorkshire  

HG3 1PY 

UK 



 
9 Sharifi, Mehran 

Labstat International Inc. 

262 Manitou Dr 

Kitchener 

ON CANADA 

N2C 1L3 

msharifi@labstat.com 
 

Dr. Mehran Sharifi 

Labstat International Inc. 

262 Manitou Dr 

Kitchener 

ON CANADA 

N2C 1L3 

CANADA 

 

(Customs broker: Russell Farrow) 

10 Newland, Kirk 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

Kirk.Newland@mdsinc.com 
 

Kirk Newland 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

USA 

11 Scherer, Gerhard 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

gerhard.scherer@abf-lab.com 
 

Dr. Johannes Engl 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 
    

 



CRT5: Q/A

Lab A

Lab B

Lab C

Lab D

Lab E

Lab F

Lab G

Lab H

Lab I

Lab J

Lab K

Q2: What was the urine volume you used for analysis?

Lab A

Lab B

Lab C

Lab D

Lab E

Lab F

Lab G

Lab H

Lab I

Lab J

Lab K

Lab A

Lab B

Lab C

Lab D

Lab E

Lab F

Lab G

Lab H

Lab I

Lab J

Lab K

Lab A

Lab B

Lab C

Lab D

Lab E

Lab F

Lab G

Lab H

Lab I

Lab J

Lab K

Lab A

Lab B

Lab C

Lab D

Lab E

Lab F

Lab G

Lab H

Lab I

Lab J

Lab K

A5: No

A4: yes

Q1: Please give the principle of the analytical method you used (also indictate whether the glucuronides were split for analysis).

A1: Direct method with API-4000 LC-MS/MS with heated nebulizer (APCI) interface (Glucuronides were not split)

A2: 100 uL

A1: Direct method--Preparation: Tecan EVO 150 96-well plates, 100 µL urine + 100 µL ISTD solution (20 mM Formic Acid), filter.  Analysis: 

Q3: Was the solvent and concentration of the RECIPE stock solutions adequate for your purposes?

A3: Solvent (water) is adequate but the concentration of RECIPE was low.

Q4: Would the lyophilized urine samples be suitable as a reference material (provided that a reliable certified concentration is given)?

A5: In my opinion, certified, lyophilized standards were be preferable.  Then, each laboratory could add their solvent and volume of choice.

A2: 100 µL 

A3: Ten-fold high concentration would have been more suitable.

A1: Samples analysed using our own stock solution were analysed with and without deconjugation (using B-glucuronidase) against aglycone 

A2: 100 µL

A3: Solvent is adequate.  In order to prepare sufficient volume of standards, my method will require approximate concentrations as follows:  

A4: Yes

A1: Direct LC-MS/MS determination of aglycons and glucuronides with internal standards for each analyte

Q5: Have you any comments, questions, suggestions for improvement?

A5: Increase of the concentration of RECIPE stock solution (1 mg/mL) 

A1: The assay involves high-speed centrifugation (13,000 g) of crude urine followed by filtration of the supernatant.  An aliquot of the filtrate is 

A5: It would be intersting for TF members to evaluate stability of received reference material and glucuronide standards in solution. 

A5: /

A3: Yes

A4: Very usefull for QC purposes . However, the stability of the lyophilized material need to be evaluated.

A1: LLE-GC/NPD method with enzymatic hydrolyse for the conjugated metabolites

A2: A 900µl-aliquot was used.

A2: 3 mL

A4: Yes, from our experience, lyophilized material showes no difference to native urine, whether in glucuronide or aglycon-concentration.

A5: Concentration of OH-Cotinine-Glucuronide Standard from Recipe seems to be 30% to high

A5: It would be interesting to have stock solutions of nicotine, cotinine and trans-hydroxycotinine

A1: LC-MS/MS with APCI in positive ion mode, glucuronides were splitted during ionisation process inside the ionsource 

A2: 100 µl

A3: /

A3: 50 mg/L in water

A4: Yes

A4: /

A2: 100 µl of urine

A3: Yes

A4:Yes





Level 1 1 1 2 2 2 3 3 3 Level 1 Level 2 Level 3

Sample No 2 7 8 1 3 5 4 6 9 Mean SD CV (%) Mean SD CV (%) Mean SD CV (%) Within CV (%)

Lab A Nic (nmol/ml) 0.8 0.8 0.8 5.5 5.5 5.4 23.9 24.2 24.1 0.79 0.02 1.9 5.47 0.04 0.7 24.08 0.11 0.5 1.1

Lab A Nic-G (nmol/ml) 0.3 0.2 0.2 1.2 1.1 1.1 4.5 4.5 4.4 0.24 0.01 2.4 1.14 0.05 4.6 4.49 0.06 1.4 2.8

Lab A Cot (nmol/ml) 0.6 0.6 0.6 4.8 4.6 4.7 18.8 18.7 18.4 0.60 0.02 2.6 4.71 0.09 1.9 18.62 0.20 1.1 1.9

Lab A Cot-G (nmol/ml) 0.4 0.4 0.4 2.6 2.5 2.5 9.3 9.4 9.3 0.38 0.02 4.6 2.53 0.07 2.6 9.34 0.03 0.3 2.5

Lab A OHCot (nmol/ml) 1.7 1.7 1.7 8.3 8.3 8.3 36.2 38.0 35.6 1.70 0.02 0.9 8.29 0.02 0.3 36.62 1.26 3.4 1.5

Lab A OHCot-G (nmol/ml) 0.5 0.5 0.5 2.6 2.5 2.5 8.0 8.0 7.8 0.47 0.01 2.4 2.54 0.02 0.8 7.96 0.11 1.4 1.5

Lab A Nic-G Reci 0.3 0.3 0.3 1.9 1.8 1.8 7.9 7.8 7.8 0.33 0.01 1.7 1.84 0.09 4.9 7.86 0.04 0.5 2.4

Lab A Cot-G Reci 1.3 1.2 1.3 7.5 7.1 7.3 26.2 26.7 26.6 1.26 0.05 3.9 7.30 0.20 2.7 26.50 0.26 1.0 2.5

Lab A OHCot-G Reci 0.6 0.6 0.6 3.4 3.3 3.3 10.8 10.8 10.6 0.57 0.01 1.8 3.35 0.03 1.0 10.72 0.12 1.2 1.3

Lab A Nic equiv (nmol/ml) 4.2 4.2 4.2 24.9 24.5 24.6 100.8 102.8 99.7 4.18 0.02 0.4 24.67 0.19 0.8 101.11 1.57 1.6 0.9

Lab A Nic equiv Reci (nmol/ml) 5.2 5.2 5.3 31.4 30.7 30.8 123.8 126.2 123.2 5.25 0.04 0.8 30.96 0.35 1.1 124.41 1.61 1.3 1.1

Lab B Nic (nmol/ml) 0.8 0.8 0.8 5.7 5.6 5.7 24.2 24.3 22.8 0.79 0.04 5.1 5.69 0.04 0.7 23.75 0.82 3.5 3.1

Lab B Nic-G (nmol/ml) 0.4 0.4 0.4 2.2 2.3 2.3 9.1 8.7 8.4 0.42 0.01 3.1 2.28 0.05 2.4 8.73 0.31 3.6 3.0

Lab B Cot (nmol/ml) 0.8 0.6 0.6 4.9 5.1 5.0 17.8 17.6 17.5 0.68 0.09 13.8 5.00 0.08 1.6 17.61 0.14 0.8 5.4

Lab B Cot-G (nmol/ml) 1.5 1.5 1.5 8.4 8.6 8.2 33.3 33.9 33.1 1.50 0.04 2.4 8.40 0.17 2.0 33.42 0.45 1.3 1.9

Lab B OHCot (nmol/ml) 1.9 1.8 1.8 10.1 10.3 10.2 38.7 39.3 37.5 1.82 0.05 2.6 10.23 0.08 0.8 38.50 0.92 2.4 1.9

Lab B OHCot-G (nmol/ml) 0.9 0.9 0.8 4.5 4.4 4.3 17.2 17.0 16.7 0.85 0.02 2.9 4.41 0.12 2.7 16.94 0.23 1.4 2.3

Lab B Nic-G Reci 0.2 0.2 0.2 0.9 0.9 1.0 3.9 3.8 3.6 0.16 0.01 3.2 0.94 0.02 2.5 3.77 0.14 3.6 3.1

Lab B Cot-G Reci 0.6 0.6 0.6 3.7 3.8 3.6 16.7 17.0 16.6 0.57 0.02 2.9 3.70 0.09 2.3 16.78 0.21 1.3 2.2

Lab B OHCot-G Reci 0.4 0.4 0.3 1.9 1.9 1.8 7.1 7.0 6.9 0.36 0.01 2.7 1.85 0.05 2.8 7.02 0.10 1.5 2.3

Lab B Nic equiv (nmol/ml) 6.3 5.9 5.9 35.9 36.3 35.8 140.1 140.8 136.0 6.07 0.23 3.7 36.01 0.24 0.7 138.97 2.57 1.8 2.1

Lab B Nic equiv Reci (nmol/ml) 4.6 4.3 4.3 27.3 27.6 27.3 108.3 109.0 105.0 4.39 0.19 4.4 27.41 0.15 0.6 107.43 2.15 2.0 2.3

Lab C Nic (nmol/ml) 0.8 0.8 0.7 6.0 5.9 6.0 24.0 24.4 24.0 0.76 0.02 2.8 5.99 0.06 1.0 24.13 0.23 1.0 1.6

Lab C Nic-G (nmol/ml) 0.4 0.4 0.4 1.8 1.9 1.8 6.0 6.4 6.2 0.40 0.01 1.6 1.84 0.06 3.4 6.20 0.20 3.2 2.8

Lab C Cot (nmol/ml) 1.0 1.0 1.0 6.6 6.6 6.7 23.2 24.3 24.5 0.98 0.01 1.4 6.66 0.03 0.5 24.00 0.70 2.9 1.6

Lab C Cot-G (nmol/ml) 1.9 1.9 1.8 8.9 9.7 9.4 35.3 31.3 31.7 1.88 0.06 3.3 9.31 0.41 4.4 32.77 2.20 6.7 4.8

Lab C OHCot (nmol/ml) 2.2 2.2 2.3 10.4 10.2 10.0 37.7 39.2 37.9 2.22 0.06 2.5 10.20 0.21 2.0 38.27 0.81 2.1 2.2

Lab C OHCot-G (nmol/ml) 0.6 0.5 0.4 3.1 3.8 3.6 15.4 11.8 14.1 0.50 0.09 17.8 3.50 0.36 10.3 13.77 1.82 13.2 13.8

Lab C Nic-G Reci 0.5 0.5 0.5 2.5 2.7 2.6 11.8 10.8 12.1 0.51 0.03 5.6 2.56 0.12 4.5 11.57 0.68 5.9 5.3

Lab C Cot-G Reci 1.3 1.3 1.3 5.7 5.8 5.6 23.3 22.8 23.2 1.31 0.03 2.2 5.67 0.08 1.4 23.10 0.26 1.1 1.6

Lab C OHCot-G Reci 0.6 0.6 0.4 3.2 3.3 3.5 14.2 12.1 13.1 0.53 0.11 19.9 3.34 0.16 4.7 13.13 1.05 8.0 10.9

Lab C Nic equiv (nmol/ml) 6.8 6.8 6.6 36.8 38.1 37.5 141.6 137.4 138.4 6.75 0.10 1.5 37.50 0.65 1.7 139.13 2.19 1.6 1.6

Lab C Nic equiv Reci (nmol/ml) 6.4 6.4 6.2 34.4 34.5 34.4 134.2 133.6 134.8 6.31 0.11 1.7 34.42 0.07 0.2 134.20 0.60 0.4 0.8

Lab D Nic (nmol/ml) 0.8 0.8 0.8 6.0 5.8 6.0 24.9 24.8 25.2 0.82 0.01 1.3 5.96 0.11 1.9 24.97 0.19 0.8 1.3

Lab D Nic-G (nmol/ml) 0.4 0.4 0.4 2.1 2.1 2.1 7.5 7.9 7.8 0.42 0.02 5.5 2.10 0.02 0.8 7.69 0.21 2.7 3.0

Lab D Cot (nmol/ml) 0.6 0.6 0.6 5.0 5.1 5.1 20.0 20.1 19.9 0.60 0.01 2.2 5.07 0.03 0.6 20.01 0.08 0.4 1.0

Lab D Cot-G (nmol/ml) 1.6 1.5 1.5 8.4 8.3 8.1 31.0 29.7 30.6 1.55 0.04 2.8 8.25 0.13 1.5 30.46 0.65 2.1 2.1

Lab D OHCot (nmol/ml) 2.1 2.0 2.0 11.1 11.0 10.3 44.2 44.2 42.1 2.06 0.02 1.2 10.78 0.43 4.0 43.52 1.22 2.8 2.7

Lab D OHCot-G (nmol/ml) 1.0 1.0 1.1 5.4 5.4 5.3 19.0 18.9 18.3 1.04 0.01 1.0 5.37 0.03 0.6 18.73 0.41 2.2 1.2

Lab D Nic-G Reci 0.5 0.4 0.5 2.1 2.1 2.1 7.3 7.7 7.6 0.46 0.02 4.9 2.12 0.02 0.7 7.51 0.20 2.7 2.8

Lab D Cot-G Reci 1.5 1.4 1.4 7.1 7.0 6.9 29.1 27.7 28.7 1.42 0.03 2.4 7.00 0.11 1.5 28.51 0.72 2.5 2.2

Lab D OHCot-G Reci 0.8 0.8 0.8 3.5 3.5 3.5 12.0 11.8 11.5 0.81 0.01 0.8 3.49 0.02 0.6 11.76 0.25 2.1 1.2

Lab D Nic equiv (nmol/ml) 6.6 6.5 6.4 38.0 37.7 36.9 146.7 145.6 143.9 6.49 0.10 1.5 37.53 0.55 1.5 145.40 1.43 1.0 1.3

Lab D Nic equiv Reci (nmol/ml) 6.3 6.1 6.1 34.8 34.6 33.8 137.5 136.3 135.0 6.18 0.09 1.4 34.42 0.52 1.5 136.28 1.30 1.0 1.3

Lab E Nic (nmol/ml) 0.7 0.7 0.7 5.8 5.7 5.6 26.8 26.8 26.4 0.71 0.02 3.5 5.71 0.12 2.1 26.67 0.26 1.0 2.2

Lab E Nic-G (nmol/ml) 0.3 0.3 0.3 1.2 1.2 1.3 4.3 4.5 4.6 0.29 0.04 12.8 1.25 0.03 2.3 4.47 0.13 2.9 6.0

Lab E Cot (nmol/ml) 0.8 0.8 0.8 5.7 5.7 5.7 20.3 20.7 20.2 0.78 0.02 2.4 5.71 0.01 0.3 20.41 0.24 1.2 1.3

Lab E Cot-G (nmol/ml) 1.4 1.5 1.5 7.4 7.2 7.2 22.2 23.3 24.1 1.46 0.05 3.1 7.28 0.11 1.5 23.19 0.98 4.2 2.9

Lab E OHCot (nmol/ml) 1.7 1.7 1.7 9.7 9.2 9.1 35.3 35.3 35.3 1.68 0.01 0.7 9.35 0.33 3.5 35.30 0.03 0.1 1.4

Lab E OHCot-G (nmol/ml) 0.6 0.6 0.7 3.9 3.7 3.7 10.3 10.6 10.1 0.63 0.03 4.6 3.76 0.09 2.5 10.33 0.23 2.3 3.1

Lab E Nic-G Reci 0.4 0.3 0.4 1.4 1.4 1.5 5.0 5.1 5.0 0.36 0.04 11.9 1.44 0.03 2.2 5.00 0.08 1.5 5.2

Lab E Cot-G Reci 1.3 1.3 1.3 6.9 6.7 6.7 20.8 21.9 22.6 1.30 0.04 3.3 6.79 0.10 1.5 21.77 0.92 4.2 3.0

Lab E OHCot-G Reci 0.7 0.6 0.7 3.9 3.7 3.8 10.3 10.6 10.2 0.69 0.05 6.6 3.82 0.09 2.4 10.37 0.22 2.1 3.7

Lab E Nic equiv (nmol/ml) 5.5 5.5 5.6 33.8 32.8 32.6 119.2 121.1 120.8 5.55 0.06 1.2 33.06 0.63 1.9 120.36 1.05 0.9 1.3

Lab E Nic equiv Reci (nmol/ml) 5.5 5.5 5.6 33.5 32.5 32.4 118.5 120.4 119.7 5.52 0.08 1.4 32.82 0.62 1.9 119.52 0.96 0.8 1.4

Lab F Nic (nmol/ml) 0.1 0.1 0.0 1.2 1.7 1.7 3.5 3.4 5.8 0.07 0.04 55.1 1.54 0.30 19.7 4.22 1.37 32.6 35.8

Lab F Nic-G (nmol/ml) 0.3 0.2 0.2 1.7 1.2 1.2 1.0 0.8 1.0 0.22 0.10 47.5 1.39 0.29 21.2 0.95 0.13 13.5 27.4

Lab F Cot (nmol/ml) 1.4 1.1 1.3 4.0 3.5 3.4 9.6 14.2 12.3 1.27 0.16 12.2 3.67 0.31 8.5 11.99 2.30 19.2 13.3

Lab F Cot-G (nmol/ml) 0.2 0.9 1.0 6.1 6.8 3.6 18.5 18.2 12.1 0.69 0.46 66.8 5.51 1.65 30.0 16.25 3.62 22.3 39.7

Lab F OHCot (nmol/ml) 3.4 3.5 3.7 9.3 9.8 9.8 31.8 40.6 35.9 3.54 0.14 4.1 9.64 0.29 3.0 36.09 4.42 12.3 6.4

Lab F OHCot-G (nmol/ml) 0.7 0.7 0.6 5.9 6.7 5.3 23.5 16.1 13.3 0.67 0.04 6.1 5.97 0.72 12.0 17.61 5.26 29.8 16.0

Lab F Nic-G Reci 0.4 0.2 0.2 1.9 1.3 1.3 1.1 0.9 1.1 0.24 0.11 45.3 1.52 0.32 21.1 1.04 0.14 13.1 26.5

Lab F Cot-G Reci 0.2 1.0 1.0 6.3 7.0 3.8 19.1 18.8 12.5 0.71 0.48 67.3 5.68 1.70 29.9 16.76 3.73 22.2 39.8

Lab F OHCot-G Reci 0.7 0.7 0.6 5.8 6.7 5.3 23.3 16.0 13.1 0.67 0.04 6.1 5.92 0.71 12.0 17.46 5.22 29.9 16.0

Lab F Nic equiv (nmol/ml) 6.1 6.5 6.8 28.3 29.8 25.1 87.8 93.3 80.3 6.46 0.35 5.4 27.72 2.43 8.8 87.10 6.51 7.5 7.2

Lab F Nic equiv Reci (nmol/ml) 6.1 6.5 6.8 28.6 30.1 25.3 88.2 93.8 80.7 6.50 0.36 5.6 27.97 2.46 8.8 87.55 6.59 7.5 7.3

Lab G Nic (nmol/ml) 0.6 0.4 0.5 5.0 4.7 5.5 23.5 24.0 25.7 0.49 0.06 12.8 5.05 0.38 7.5 24.40 1.15 4.7 8.3

Lab G Nic-G (nmol/ml) 0.4 0.4 0.3 1.9 2.1 2.5 10.9 11.1 11.6 0.37 0.03 7.7 2.17 0.32 14.7 11.20 0.36 3.2 8.5
Lab G Cot (nmol/ml) 0.8 0.8 0.7 5.8 5.8 5.8 23.8 25.5 25.7 0.74 0.04 6.1 5.79 0.04 0.6 25.00 1.04 4.2 3.6

Lab G Cot-G (nmol/ml) 1.7 1.6 1.6 8.4 8.4 8.2 29.4 30.8 31.9 1.60 0.06 3.4 8.29 0.12 1.5 30.70 1.25 4.1 3.0

Lab G OHCot (nmol/ml) 1.8 1.7 1.8 9.1 8.7 9.0 36.7 36.4 36.1 1.76 0.03 1.7 8.95 0.25 2.8 36.40 0.30 0.8 1.8

Lab G OHCot-G (nmol/ml) 1.4 1.5 1.3 5.7 5.5 5.5 12.2 12.4 12.7 1.40 0.07 4.7 5.57 0.11 2.0 12.43 0.25 2.0 2.9

Lab G Nic-G Reci 0.3 0.3 0.3 1.6 1.7 2.0 8.8 9.0 9.4 0.30 0.02 7.6 1.75 0.26 14.6 9.06 0.30 3.3 8.5

Lab G Cot-G Reci 1.6 1.5 1.5 7.9 7.9 7.7 27.7 29.1 30.1 1.51 0.06 3.7 7.82 0.11 1.4 28.97 1.21 4.2 3.1

Lab G OHCot-G Reci 1.2 1.2 1.1 4.7 4.5 4.6 10.1 10.2 10.5 1.15 0.05 4.4 4.59 0.09 2.0 10.27 0.21 2.0 2.8

Lab G Nic equiv (nmol/ml) 6.5 6.4 6.2 35.9 35.0 36.5 136.5 140.2 143.7 6.35 0.18 2.9 35.82 0.75 2.1 140.13 3.60 2.6 2.5

Lab G Nic equiv Reci (nmol/ml) 6.1 6.0 5.8 34.0 33.2 34.6 130.6 134.2 137.5 5.94 0.17 2.9 33.95 0.71 2.1 134.09 3.44 2.6 2.5

Lab H Nic (nmol/ml) 0.30 0.30 0.30 5.57 5.63 5.42 24.8 24.7 24.0 0.30 0.00 0.0 5.54 0.11 2.0 24.49 0.40 1.7 1.2

Lab H Nic-G (nmol/ml) 0.383 0.373 0.380 2.10 2.13 2.04 7.85 7.91 7.83 0.38 0.01 1.3 2.09 0.05 2.2 7.86 0.04 0.5 1.3

Lab H Cot (nmol/ml) 0.579 0.61 0.59 4.9 4.98 4.77 19.5 19.5 19.3 0.59 0.02 2.9 4.89 0.11 2.2 19.43 0.13 0.7 1.9

Lab H Cot-G (nmol/ml) 1.32 1.29 1.27 6.62 7.06 6.62 25.3 27.0 25.7 1.29 0.02 1.9 6.77 0.25 3.7 26.01 0.87 3.4 3.0



Lab H OHCot (nmol/ml) 2.35 2.09 2.24 11.3 12.2 12.0 45.7 45 46.0 2.23 0.13 5.9 11.83 0.44 3.7 45.61 0.40 0.9 3.5

Lab H OHCot-G (nmol/ml) 0.78 0.79 0.84 4.03 4.24 4.22 16.8 16 16.0 0.80 0.03 3.6 4.16 0.12 2.8 16.25 0.51 3.1 3.2

Lab H Nic-G Reci

Lab H Cot-G Reci

Lab H OHCot-G Reci

Lab H Nic equiv (nmol/ml) 5.7 5.5 5.6 34.6 36.2 35.1 140.0 140.1 138.8 5.59 0.13 2.3 35.28 0.83 2.4 139.65 0.72 0.5 1.7

Lab H Nic equiv Reci (nmol/ml)

Lab I Nic (nmol/ml)

Lab I Nic-G (nmol/ml)

Lab I Cot (nmol/ml)

Lab I Cot-G (nmol/ml)

Lab I OHCot (nmol/ml)

Lab I OHCot-G (nmol/ml)

Lab I Nic-G Reci

Lab I Cot-G Reci

Lab I OHCot-G Reci

Lab J Nic (nmol/ml)

Lab J Nic-G (nmol/ml)

Lab J Cot (nmol/ml)

Lab J Cot-G (nmol/ml)

Lab J OHCot (nmol/ml)

Lab J OHCot-G (nmol/ml)

Lab J Nic-G Reci

Lab J Cot-G Reci

Lab J OHCot-G Reci

Lab K Nic (nmol/ml)

Lab K Nic-G (nmol/ml)

Lab K Cot (nmol/ml)

Lab K Cot-G (nmol/ml)

Lab K OHCot (nmol/ml)

Lab K OHCot-G (nmol/ml)

Lab K Nic-G Reci

Lab K Cot-G Reci

Lab K OHCot-G Reci

Between CV (%) Within CV (%)

All Labs Mean, SD, CV

All Labs Nic (nmol/ml) 0.61 0.63 0.62 5.03 5.01 5.13 21.95 21.70 21.99 0.59 5.12 22.09 7.62

SD (nmol/ml) 0.28 0.27 0.29 1.62 1.41 1.42 7.53 7.61 6.74 0.28 1.48 7.28

CV (%) 45.7 42.8 46.5 32.1 28.1 27.7 34.3 35.1 30.6 46.9 28.8 32.9 36.2

All Labs Nic-G (nmol/ml) 0.37 0.33 0.34 1.79 1.76 1.80 6.39 6.47 6.48 0.34 1.78 6.45 6.85

SD (nmol/ml) 0.06 0.10 0.09 0.39 0.48 0.54 3.10 3.17 3.19 0.08 0.45 3.15

CV (%) 17.2 30.1 27.5 21.7 27.3 30.2 48.5 49.0 49.2 23.4 25.5 48.8 32.6

All Labs Cot (nmol/ml) 0.81 0.76 0.77 5.23 5.17 5.15 19.12 20.06 19.72 0.78 5.19 19.63 3.75

SD (nmol/ml) 0.28 0.19 0.25 0.80 0.91 0.96 4.38 3.61 4.17 0.23 0.89 4.00

CV (%) 34.3 25.0 32.0 15.2 17.6 18.6 22.9 18.0 21.1 30.1 17.1 20.4 22.5

All Labs Cot-G (nmol/ml) 1.25 1.33 1.31 7.09 7.30 6.74 25.53 25.45 24.81 1.30 7.04 25.27 7.50

SD (nmol/ml) 0.63 0.48 0.44 2.05 2.17 2.42 8.65 8.21 9.28 0.50 2.17 8.61

CV (%) 50.4 36.2 33.6 28.9 29.7 35.9 33.9 32.2 37.4 38.8 30.8 34.1 34.6

All Labs OHCot (nmol/ml) 2.13 2.10 2.15 9.92 9.96 9.84 38.28 39.78 38.30 2.13 9.91 38.79 2.68

SD (nmol/ml) 0.58 0.59 0.67 1.02 1.25 1.11 4.61 3.49 3.79 0.61 1.11 3.76

CV (%) 27.4 28.3 31.0 10.3 12.6 11.3 12.0 8.8 9.9 28.8 11.2 9.7 16.6

All Labs OHCot-G (nmol/ml) 0.80 0.81 0.78 4.38 4.53 4.32 15.30 13.83 13.63 0.80 4.41 14.25 5.51

SD (nmol/ml) 0.30 0.32 0.30 1.21 1.30 1.04 4.99 3.69 3.46 0.31 1.17 3.80

CV (%) 37.4 39.9 39.3 27.7 28.7 24.0 32.6 26.7 25.4 38.6 26.4 26.7 30.6

All Labs Nic-G Reci 0.37 0.32 0.33 1.76 1.72 1.75 6.54 6.43 6.66 0.34 1.74 6.54 7.68

SD (nmol/ml) 0.12 0.13 0.13 0.50 0.57 0.54 3.51 3.39 3.70 0.12 0.52 3.53

CV (%) 32.3 40.8 38.4 28.4 33.4 30.7 53.7 52.7 55.6 35.6 29.7 53.9 39.7

All Labs Cot-G Reci 1.05 1.13 1.14 6.14 6.19 5.73 22.46 22.48 22.04 1.15 6.28 23.20 7.19

SD (nmol/ml) 0.54 0.40 0.38 1.72 1.74 1.80 6.36 6.31 7.63 0.42 1.68 6.66

CV (%) 51.6 35.3 33.2 28.0 28.1 31.4 28.3 28.1 34.6 36.4 26.7 28.7 30.6

All Labs OHCot-G Reci 0.70 0.69 0.66 3.77 3.84 3.68 12.53 11.23 10.84 0.68 3.77 11.53 5.45

SD (nmol/ml) 0.24 0.26 0.25 1.24 1.48 1.08 5.18 2.68 2.11 0.25 1.25 3.21

CV (%) 35.1 38.1 38.3 32.8 38.4 29.5 41.4 23.9 19.5 36.6 33.3 27.8 32.6

All Labs Nic equiv (nmol/ml) 5.97 5.91 5.92 33.51 33.81 33.02 126.58 127.66 125.20 5.93 33.45 126.48 2.34

SD (nmol/ml) 0.85 0.85 0.82 4.56 4.63 5.27 21.77 19.81 23.47 0.83 4.76 21.60

CV (%) 14.2 14.4 13.8 13.6 13.7 16.0 17.2 15.5 18.7 13.9 14.2 17.1 15.1

All Labs Nic equiv Reci (nmol/ml) 5.75 5.70 5.73 32.00 31.88 31.24 120.17 121.92 119.39 5.73 31.71 120.50 2.38

SD (nmol/ml) 0.66 0.79 0.81 3.01 2.56 3.66 17.25 15.68 20.53 0.74 3.00 17.77

CV (%) 11.4 13.8 14.1 9.4 8.0 11.7 14.4 12.9 17.2 12.9 9.5 14.7 12.4







Between CV (%)Within CV (%)

36.2 7.62

32.6 6.90

39.7 7.20

22.5 3.80



34.6 7.50

30.6 7.20

16.6 2.70

30.6 5.50

32.6 5.50

15.1 2.30

12.4 2.40

27.6 5.3



















Lab A Lab A Lab A Lab A Lab A Lab A Lab A Lab A Lab A Lab B Lab B Lab B Lab B Lab B Lab B

Level Sample No Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml)

2 1 5.5 1.2 4.8 2.6 8.3 2.6 1.9 7.5 3.4 5.7 2.2 4.9 8.4 10.1 4.5

1 2 0.8 0.3 0.6 0.4 1.7 0.5 0.3 1.3 0.6 0.8 0.4 0.8 1.5 1.9 0.9

2 3 5.5 1.1 4.6 2.5 8.3 2.5 1.8 7.1 3.3 5.6 2.3 5.1 8.6 10.3 4.4

3 4 23.9 4.5 18.8 9.3 36.2 8.0 7.9 26.2 10.8 24.2 9.1 17.8 33.3 38.7 17.2

2 5 5.4 1.1 4.7 2.5 8.3 2.5 1.8 7.3 3.3 5.7 2.3 5.0 8.2 10.2 4.3

3 6 24.2 4.5 18.7 9.4 38.0 8.0 7.8 26.7 10.8 24.3 8.7 17.6 33.9 39.3 17.0

1 7 0.8 0.2 0.6 0.4 1.7 0.5 0.3 1.2 0.6 0.8 0.4 0.6 1.5 1.8 0.9

1 8 0.8 0.2 0.6 0.4 1.7 0.5 0.3 1.3 0.6 0.8 0.4 0.6 1.5 1.8 0.8

3 9 24.1 4.4 18.4 9.3 35.6 7.8 7.8 26.6 10.6 22.8 8.4 17.5 33.1 37.5 16.7

Sorted by Level

Lab A Lab A Lab A Lab A Lab A Lab A Lab A Lab A Lab A Lab B Lab B Lab B Lab B Lab B Lab B

Level Sample No Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml)

1 2 0.8 0.3 0.6 0.4 1.7 0.5 0.3 1.3 0.6 0.8 0.4 0.8 1.5 1.9 0.9

1 7 0.8 0.2 0.6 0.4 1.7 0.5 0.3 1.2 0.6 0.8 0.4 0.6 1.5 1.8 0.9

1 8 0.8 0.2 0.6 0.4 1.7 0.5 0.3 1.3 0.6 0.8 0.4 0.6 1.5 1.8 0.8

2 1 5.5 1.2 4.8 2.6 8.3 2.6 1.9 7.5 3.4 5.7 2.2 4.9 8.4 10.1 4.5

2 3 5.5 1.1 4.6 2.5 8.3 2.5 1.8 7.1 3.3 5.6 2.3 5.1 8.6 10.3 4.4

2 5 5.4 1.1 4.7 2.5 8.3 2.5 1.8 7.3 3.3 5.7 2.3 5.0 8.2 10.2 4.3

3 4 23.9 4.5 18.8 9.3 36.2 8.0 7.9 26.2 10.8 24.2 9.1 17.8 33.3 38.7 17.2

3 6 24.2 4.5 18.7 9.4 38.0 8.0 7.8 26.7 10.8 24.3 8.7 17.6 33.9 39.3 17.0

3 9 24.1 4.4 18.4 9.3 35.6 7.8 7.8 26.6 10.6 22.8 8.4 17.5 33.1 37.5 16.7

Labs

A

B

C

D

E

F

G

H

I

J

K



Lab B Lab B Lab B Lab C Lab C Lab C Lab C Lab C Lab C Lab C Lab C Lab C Lab D Lab D Lab D Lab D Lab D

Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml)

0.9 3.7 1.9 6.0 1.8 6.6 8.9 10.4 3.1 2.5 5.7 3.2 6.0 2.1 5.0 8.4 11.1

0.2 0.6 0.4 0.8 0.4 1.0 1.9 2.2 0.6 0.5 1.3 0.6 0.8 0.4 0.6 1.6 2.1

0.9 3.8 1.9 5.9 1.9 6.6 9.7 10.2 3.8 2.7 5.8 3.3 5.8 2.1 5.1 8.3 11.0

3.9 16.7 7.1 24.0 6.0 23.2 35.3 37.7 15.4 11.8 23.3 14.2 24.9 7.5 20.0 31.0 44.2

1.0 3.6 1.8 6.0 1.8 6.7 9.4 10.0 3.6 2.6 5.6 3.5 6.0 2.1 5.1 8.1 10.3

3.8 17.0 7.0 24.4 6.4 24.3 31.3 39.2 11.8 10.8 22.8 12.1 24.8 7.9 20.1 29.7 44.2

0.2 0.6 0.4 0.8 0.4 1.0 1.9 2.2 0.5 0.5 1.3 0.6 0.8 0.4 0.6 1.5 2.0

0.2 0.6 0.3 0.7 0.4 1.0 1.8 2.3 0.4 0.5 1.3 0.4 0.8 0.4 0.6 1.5 2.0

3.6 16.6 6.9 24.0 6.2 24.5 31.7 37.9 14.1 12.1 23.2 13.1 25.2 7.8 19.9 30.6 42.1

Lab B Lab B Lab B Lab C Lab C Lab C Lab C Lab C Lab C Lab C Lab C Lab C Lab D Lab D Lab D Lab D Lab D

Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml)

0.2 0.6 0.4 0.8 0.4 1.0 1.9 2.2 0.6 0.5 1.3 0.6 0.8 0.4 0.6 1.6 2.1

0.2 0.6 0.4 0.8 0.4 1.0 1.9 2.2 0.5 0.5 1.3 0.6 0.8 0.4 0.6 1.5 2.0

0.2 0.6 0.3 0.7 0.4 1.0 1.8 2.3 0.4 0.5 1.3 0.4 0.8 0.4 0.6 1.5 2.0

0.9 3.7 1.9 6.0 1.8 6.6 8.9 10.4 3.1 2.5 5.7 3.2 6.0 2.1 5.0 8.4 11.1

0.9 3.8 1.9 5.9 1.9 6.6 9.7 10.2 3.8 2.7 5.8 3.3 5.8 2.1 5.1 8.3 11.0

1.0 3.6 1.8 6.0 1.8 6.7 9.4 10.0 3.6 2.6 5.6 3.5 6.0 2.1 5.1 8.1 10.3

3.9 16.7 7.1 24.0 6.0 23.2 35.3 37.7 15.4 11.8 23.3 14.2 24.9 7.5 20.0 31.0 44.2

3.8 17.0 7.0 24.4 6.4 24.3 31.3 39.2 11.8 10.8 22.8 12.1 24.8 7.9 20.1 29.7 44.2

3.6 16.6 6.9 24.0 6.2 24.5 31.7 37.9 14.1 12.1 23.2 13.1 25.2 7.8 19.9 30.6 42.1



Lab D Lab D Lab D Lab D Lab E Lab E Lab E Lab E Lab E Lab E Lab E Lab E Lab E Lab F Lab F Lab F Lab F

OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml)

5.4 2.1 7.1 3.5 5.8 1.2 5.7 7.4 9.7 3.9 1.4 6.9 3.9 1.2 1.7 4.0 6.1

1.0 0.5 1.5 0.8 0.7 0.3 0.8 1.4 1.7 0.6 0.4 1.3 0.7 0.1 0.3 1.4 0.2

5.4 2.1 7.0 3.5 5.7 1.2 5.7 7.2 9.2 3.7 1.4 6.7 3.7 1.7 1.2 3.5 6.8

19.0 7.3 29.1 12.0 26.8 4.3 20.3 22.2 35.3 10.3 5.0 20.8 10.3 3.5 1.0 9.6 18.5

5.3 2.1 6.9 3.5 5.6 1.3 5.7 7.2 9.1 3.7 1.5 6.7 3.8 1.7 1.2 3.4 3.6

18.9 7.7 27.7 11.8 26.8 4.5 20.7 23.3 35.3 10.6 5.1 21.9 10.6 3.4 0.8 14.2 18.2

1.0 0.4 1.4 0.8 0.7 0.3 0.8 1.5 1.7 0.6 0.3 1.3 0.6 0.1 0.2 1.1 0.9

1.1 0.5 1.4 0.8 0.7 0.3 0.8 1.5 1.7 0.7 0.4 1.3 0.7 0.0 0.2 1.3 1.0

18.3 7.6 28.7 11.5 26.4 4.6 20.2 24.1 35.3 10.1 5.0 22.6 10.2 5.8 1.0 12.3 12.1

Lab D Lab D Lab D Lab D Lab E Lab E Lab E Lab E Lab E Lab E Lab E Lab E Lab E Lab F Lab F Lab F Lab F

OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml)

1.0 0.5 1.5 0.8 0.7 0.3 0.8 1.4 1.7 0.6 0.4 1.3 0.7 0.1 0.3 1.4 0.2

1.0 0.4 1.4 0.8 0.7 0.3 0.8 1.5 1.7 0.6 0.3 1.3 0.6 0.1 0.2 1.1 0.9

1.1 0.5 1.4 0.8 0.7 0.3 0.8 1.5 1.7 0.7 0.4 1.3 0.7 0.0 0.2 1.3 1.0

5.4 2.1 7.1 3.5 5.8 1.2 5.7 7.4 9.7 3.9 1.4 6.9 3.9 1.2 1.7 4.0 6.1

5.4 2.1 7.0 3.5 5.7 1.2 5.7 7.2 9.2 3.7 1.4 6.7 3.7 1.7 1.2 3.5 6.8

5.3 2.1 6.9 3.5 5.6 1.3 5.7 7.2 9.1 3.7 1.5 6.7 3.8 1.7 1.2 3.4 3.6

19.0 7.3 29.1 12.0 26.8 4.3 20.3 22.2 35.3 10.3 5.0 20.8 10.3 3.5 1.0 9.6 18.5

18.9 7.7 27.7 11.8 26.8 4.5 20.7 23.3 35.3 10.6 5.1 21.9 10.6 3.4 0.8 14.2 18.2

18.3 7.6 28.7 11.5 26.4 4.6 20.2 24.1 35.3 10.1 5.0 22.6 10.2 5.8 1.0 12.3 12.1



Lab F Lab F Lab F Lab F Lab F Lab G Lab G Lab G Lab G Lab G Lab G Lab G Lab G Lab G Lab H Lab H Lab H

OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml)

9.3 5.9 1.9 6.3 5.8 5.0 1.92 5.8 8.4 9.1 5.7 1.6 7.9 4.7 5.57 2.10 4.9

3.4 0.7 0.4 0.2 0.7 0.6 0.385 0.8 1.7 1.8 1.4 0.3 1.6 1.2 < 0.6 0.383 0.579

9.8 6.7 1.3 7.0 6.7 4.7 2.06 5.8 8.4 8.7 5.5 1.7 7.9 4.5 5.63 2.13 4.98

31.8 23.5 1.1 19.1 23.3 23.5 10.9 23.8 29.4 36.7 12.2 8.8 27.7 10.1 24.8 7.85 19.5

9.8 5.3 1.3 3.8 5.3 5.5 2.53 5.8 8.2 9.0 5.5 2.0 7.7 4.6 5.42 2.04 4.77

40.6 16.1 0.9 18.8 16.0 24.0 11.1 25.5 30.8 36.4 12.4 9.0 29.1 10.2 24.7 7.91 19.5

3.5 0.7 0.2 1.0 0.7 0.4 0.395 0.8 1.6 1.7 1.5 0.3 1.5 1.2 < 0.6 0.373 0.61

3.7 0.6 0.2 1.0 0.6 0.5 0.341 0.7 1.6 1.8 1.3 0.3 1.5 1.1 < 0.6 0.380 0.59

35.9 13.3 1.1 12.5 13.1 25.7 11.6 25.7 31.9 36.1 12.7 9.4 30.1 10.5 24.0 7.83 19.3

Lab F Lab F Lab F Lab F Lab F Lab G Lab G Lab G Lab G Lab G Lab G Lab G Lab G Lab G Lab H Lab H Lab H

OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml)

3.4 0.7 0.4 0.2 0.7 0.6 0.385 0.8 1.7 1.8 1.4 0.3 1.6 1.2 0.30 0.383 0.579

3.5 0.7 0.2 1.0 0.7 0.4 0.395 0.8 1.6 1.7 1.5 0.3 1.5 1.2 0.30 0.373 0.61

3.7 0.6 0.2 1.0 0.6 0.5 0.341 0.7 1.6 1.8 1.3 0.3 1.5 1.1 0.30 0.380 0.59

9.3 5.9 1.9 6.3 5.8 5.0 1.92 5.8 8.4 9.1 5.7 1.6 7.9 4.7 5.57 2.10 4.9

9.8 6.7 1.3 7.0 6.7 4.7 2.06 5.8 8.4 8.7 5.5 1.7 7.9 4.5 5.63 2.13 4.98

9.8 5.3 1.3 3.8 5.3 5.5 2.53 5.8 8.2 9.0 5.5 2.0 7.7 4.6 5.42 2.04 4.77

31.8 23.5 1.1 19.1 23.3 23.5 10.9 23.8 29.4 36.7 12.2 8.8 27.7 10.1 24.8 7.85 19.5

40.6 16.1 0.9 18.8 16.0 24.0 11.1 25.5 30.8 36.4 12.4 9.0 29.1 10.2 24.7 7.91 19.5

35.9 13.3 1.1 12.5 13.1 25.7 11.6 25.7 31.9 36.1 12.7 9.4 30.1 10.5 24.0 7.83 19.3



Lab H Lab H Lab H Lab H Lab H Lab H Lab I Lab I Lab I Lab I Lab I Lab I Lab I Lab I Lab I Lab J Lab J

Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml)

6.62 11.3 4.03

1.32 2.35 0.78

7.06 12.2 4.24

25.3 45.7 16.8

6.62 12.0 4.22

27.0 45 16

1.29 2.09 0.79

1.27 2.24 0.84

25.7 46.0 16.0

Lab H Lab H Lab H Lab H Lab H Lab H Lab I Lab I Lab I Lab I Lab I Lab I Lab I Lab I Lab I Lab J Lab J

Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml)

1.32 2.35 0.78

1.29 2.09 0.79

1.27 2.24 0.84

6.62 11.3 4.03

7.06 12.2 4.24

6.62 12.0 4.22

25.3 45.7 16.8

27.0 45 16

25.7 46.0 16.0



Lab J Lab J Lab J Lab J Lab J Lab J Lab J Lab K Lab K Lab K Lab K Lab K Lab K Lab K Lab K Lab K

Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci

Lab J Lab J Lab J Lab J Lab J Lab J Lab J Lab K Lab K Lab K Lab K Lab K Lab K Lab K Lab K Lab K

Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci Nic (nmol/ml) Nic-G (nmol/ml) Cot (nmol/ml) Cot-G (nmol/ml) OHCot (nmol/ml) OHCot-G (nmol/ml) Nic-G Reci Cot-G Reci OHCot-G Reci



Nicotine (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 0.8 0.8 0.8 5.5 5.5 5.4 23.9 24.2 24.1

B 0.8 0.8 0.8 5.7 5.6 5.7 24.2 24.3 22.8

C 0.8 0.8 0.7 6.0 5.9 6.0 24.0 24.4 24.0

D 0.8 0.8 0.8 6.0 5.8 6.0 24.9 24.8 25.2

E 0.7 0.7 0.7 5.8 5.7 5.6 26.8 26.8 26.4

F 0.1 0.1 0.0 1.2 1.7 1.7 3.5 3.4 5.8

G 0.6 0.4 0.5 5.0 4.7 5.5 23.5 24.0 25.7

H 0.30 0.30 0.30 5.57 5.63 5.42 24.8 24.7 24.0
I

J

K

A B C D E F G H I J K

0.8 0.8 0.8 0.8 0.7 0.1 0.6 0.30

0.8 0.8 0.8 0.8 0.7 0.1 0.4 0.30

0.8 0.8 0.7 0.8 0.7 0.0 0.5 0.30

5.5 5.7 6.0 6.0 5.8 1.2 5.0 5.57

5.5 5.6 5.9 5.8 5.7 1.7 4.7 5.63

5.4 5.7 6.0 6.0 5.6 1.7 5.5 5.42

23.9 24.2 24.0 24.9 26.8 3.5 23.5 24.8

24.2 24.3 24.4 24.8 26.8 3.4 24.0 24.7

24.1 22.8 24.0 25.2 26.4 5.8 25.7 24.0

A B C D E F G H I J K
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Laboratory

Nicotine, single results by lab

Level 1 (U2)

Level 1 (U7)

Level 1 (U8)

Level 2 (U1)

Level 2 (U3)

Level 2 (U5)

Level 3 (U4)

Level 3 (U6)

Level 3 (U9)



Cotinine (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 0.6 0.6 0.6 4.8 4.6 4.7 18.8 18.7 18.4

B 0.8 0.6 0.6 4.9 5.1 5.0 17.8 17.6 17.5

C 1.0 1.0 1.0 6.6 6.6 6.7 23.2 24.3 24.5

D 0.6 0.6 0.6 5.0 5.1 5.1 20.0 20.1 19.9

E 0.8 0.8 0.8 5.7 5.7 5.7 20.3 20.7 20.2

F 1.4 1.1 1.3 4.0 3.5 3.4 9.6 14.2 12.3

G 0.8 0.8 0.7 5.8 5.8 5.8 23.8 25.5 25.7

H 0.579 0.61 0.59 4.9 4.98 4.77 19.5 19.5 19.3
I

J

K

A B C D E F G H I J K

0.6 0.8 1.0 0.6 0.8 1.4 0.8 0.579

0.6 0.6 1.0 0.6 0.8 1.1 0.8 0.61

0.6 0.6 1.0 0.6 0.8 1.3 0.7 0.59

4.8 4.9 6.6 5.0 5.7 4.0 5.8 4.9

4.6 5.1 6.6 5.1 5.7 3.5 5.8 4.98

4.7 5.0 6.7 5.1 5.7 3.4 5.8 4.77

18.8 17.8 23.2 20.0 20.3 9.6 23.8 19.5

18.7 17.6 24.3 20.1 20.7 14.2 25.5 19.5

18.4 17.5 24.5 19.9 20.2 12.3 25.7 19.3

A B C D E F G H I J K
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Laboratory

Cotinine, single results by lab

Level 1 (U2)

Level 1 (U7)

Level 1 (U8)

Level 2 (U1)

Level 2 (U3)

Level 2 (U5)

Level 3 (U4)

Level 3 (U6)

Level 3 (U9)



Trans-3'-Hydroxycotinine (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 1.7 1.7 1.7 8.3 8.3 8.3 36.2 38.0 35.6

B 1.9 1.8 1.8 10.1 10.3 10.2 38.7 39.3 37.5

C 2.2 2.2 2.3 10.4 10.2 10.0 37.7 39.2 37.9

D 2.1 2.0 2.0 11.1 11.0 10.3 44.2 44.2 42.1

E 1.7 1.7 1.7 9.7 9.2 9.1 35.3 35.3 35.3

F 3.4 3.5 3.7 9.3 9.8 9.8 31.8 40.6 35.9

G 1.8 1.7 1.8 9.1 8.7 9.0 36.7 36.4 36.1

H 2.35 2.09 2.24 11.3 12.2 12.0 45.7 45 46.0
I

J

K

A B C D E F G H I J K

1.7 1.9 2.2 2.1 1.7 3.4 1.8 2.35

1.7 1.8 2.2 2.0 1.7 3.5 1.7 2.09

1.7 1.8 2.3 2.0 1.7 3.7 1.8 2.24

8.3 10.1 10.4 11.1 9.7 9.3 9.1 11.3

8.3 10.3 10.2 11.0 9.2 9.8 8.7 12.2

8.3 10.2 10.0 10.3 9.1 9.8 9.0 12.0

36.2 38.7 37.7 44.2 35.3 31.8 36.7 45.7

38.0 39.3 39.2 44.2 35.3 40.6 36.4 45

35.6 37.5 37.9 42.1 35.3 35.9 36.1 46.0

A B C D E F G H I J K

0.0

4.0

8.0

12.0

16.0

20.0

24.0

28.0

32.0

36.0

40.0

44.0

48.0

O
H

-C
o

ti
n

in
e

 (
n

m
o

l/
m

l)

Laboratory

Trans-3'-Hydroxycotinine, single results by lab

Level 1 (U2)

Level 1 (U7)

Level 1 (U8)

Level 2 (U1)

Level 2 (U3)

Level 2 (U5)

Level 3 (U4)

Level 3 (U6)

Level 3 (U9)



Nicotine-N-Glucuronide, own stock (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 0.3 0.2 0.2 1.2 1.1 1.1 4.5 4.5 4.4

B 0.4 0.4 0.4 2.2 2.3 2.3 9.1 8.7 8.4

C 0.4 0.4 0.4 1.8 1.9 1.8 6.0 6.4 6.2

D 0.4 0.4 0.4 2.1 2.1 2.1 7.5 7.9 7.8

E 0.3 0.3 0.3 1.2 1.2 1.3 4.3 4.5 4.6

F 0.3 0.2 0.2 1.7 1.2 1.2 1.0 0.8 1.0

G 0.385 0.395 0.341 1.92 2.06 2.53 10.9 11.1 11.6

H 0.383 0.373 0.380 2.10 2.13 2.04 7.85 7.91 7.83
I

J

K

A B C D E F G H I J K

0.3 0.4 0.4 0.4 0.3 0.3 0.385 0.383

0.2 0.4 0.4 0.4 0.3 0.2 0.395 0.373

0.2 0.4 0.4 0.4 0.3 0.2 0.341 0.380

1.2 2.2 1.8 2.1 1.2 1.7 1.92 2.10

1.1 2.3 1.9 2.1 1.2 1.2 2.06 2.13

1.1 2.3 1.8 2.1 1.3 1.2 2.53 2.04

4.5 9.1 6.0 7.5 4.3 1.0 10.9 7.85

4.5 8.7 6.4 7.9 4.5 0.8 11.1 7.91

4.4 8.4 6.2 7.8 4.6 1.0 11.6 7.83

A B C D E F G H I J K

RECIPE 0.3 0.2 0.5 0.5 0.4 0.4 0.3

stock 0.3 0.2 0.5 0.4 0.3 0.2 0.3

0.3 0.2 0.5 0.5 0.4 0.2 0.3

1.9 0.9 2.5 2.1 1.4 1.9 1.6

1.8 0.9 2.7 2.1 1.4 1.3 1.7

1.8 1.0 2.6 2.1 1.5 1.3 2.0

7.9 3.9 11.8 7.3 5.0 1.1 8.8

7.8 3.8 10.8 7.7 5.1 0.9 9.0

7.8 3.6 12.1 7.6 5.0 1.1 9.4

Mean levels

Lab Level 1 own Level 1 R Level 2 own Level 2 R Level 3 own Level 3 R

A 0.24 0.33 1.14 1.84 4.49 7.86

B 0.42 0.16 2.28 0.94 8.73 3.77

C 0.40 0.51 1.84 2.56 6.20 11.57

D 0.42 0.46 2.10 2.12 7.69 7.51

E 0.29 0.36 1.25 1.44 4.47 5.00

F 0.22 0.24 1.39 1.52 0.95 1.04

G 0.37 0.30 2.17 1.75 11.20 9.06

H 0.38 2.09 7.86
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Laboratory

Nicotine-N-Glucuronide, own stock, single results by lab

Level 1 (U2)

Level 1 (U7)

Level 1 (U8)

Level 2 (U1)

Level 2 (U3)

Level 2 (U5)

Level 3 (U4)

Level 3 (U6)

Level 3 (U9)
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Laboratory

Nicotine-N-Glucuronide, means, own vs R stock by lab

Level 1 own

Level 1 R

Level 2 own

Level 2 R

Level 3 own

Level 3 R



Nicotine-N-Glucuronide, RECIPE stock (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 0.3 0.3 0.3 1.9 1.8 1.8 7.9 7.8 7.8

B 0.2 0.2 0.2 0.9 0.9 1.0 3.9 3.8 3.6

C 0.5 0.5 0.5 2.5 2.7 2.6 11.8 10.8 12.1

D 0.5 0.4 0.5 2.1 2.1 2.1 7.3 7.7 7.6

E 0.4 0.3 0.4 1.4 1.4 1.5 5.0 5.1 5.0

F 0.4 0.2 0.2 1.9 1.3 1.3 1.1 0.9 1.1

G 0.3 0.3 0.3 1.6 1.7 2.0 8.8 9.0 9.4

H

I

J

K

A B C D E F G H I J K

0.3 0.2 0.5 0.5 0.4 0.4 0.3

0.3 0.2 0.5 0.4 0.3 0.2 0.3

0.3 0.2 0.5 0.5 0.4 0.2 0.3

1.9 0.9 2.5 2.1 1.4 1.9 1.6

1.8 0.9 2.7 2.1 1.4 1.3 1.7

1.8 1.0 2.6 2.1 1.5 1.3 2.0

7.9 3.9 11.8 7.3 5.0 1.1 8.8

7.8 3.8 10.8 7.7 5.1 0.9 9.0

7.8 3.6 12.1 7.6 5.0 1.1 9.4
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Laboratory

Nicotine-N-Glucuronide, RECIPE stock, single results by lab

Level 1 (U2)

Level 1 (U7)

Level 1 (U8)

Level 2 (U1)

Level 2 (U3)

Level 2 (U5)

Level 3 (U4)

Level 3 (U6)

Level 3 (U9)



Cotinine-N-Glucuronide, own stock (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 0.4 0.4 0.4 2.6 2.5 2.5 9.3 9.4 9.3

B 1.5 1.5 1.5 8.4 8.6 8.2 33.3 33.9 33.1

C 1.9 1.9 1.8 8.9 9.7 9.4 35.3 31.3 31.7

D 1.6 1.5 1.5 8.4 8.3 8.1 31.0 29.7 30.6

E 1.4 1.5 1.5 7.4 7.2 7.2 22.2 23.3 24.1

F 0.2 0.9 1.0 6.1 6.8 3.6 18.5 18.2 12.1

G 1.7 1.6 1.6 8.4 8.4 8.2 29.4 30.8 31.9

H 1.32 1.29 1.27 6.62 7.06 6.62 25.3 27.0 25.7
I

J

K

A B C D E F G H I J K

0.4 1.5 1.9 1.6 1.4 0.2 1.7 1.32

0.4 1.5 1.9 1.5 1.5 0.9 1.6 1.29

0.4 1.5 1.8 1.5 1.5 1.0 1.6 1.27

2.6 8.4 8.9 8.4 7.4 6.1 8.4 6.62

2.5 8.6 9.7 8.3 7.2 6.8 8.4 7.06

2.5 8.2 9.4 8.1 7.2 3.6 8.2 6.62

9.3 33.3 35.3 31.0 22.2 18.5 29.4 25.3

9.4 33.9 31.3 29.7 23.3 18.2 30.8 27.0

9.3 33.1 31.7 30.6 24.1 12.1 31.9 25.7

A B C D E F G H I J K

RECIPE 1.3 0.6 1.3 1.5 1.3 0.2 1.6

stock 1.2 0.6 1.3 1.4 1.3 1.0 1.5

1.3 0.6 1.3 1.4 1.3 1.0 1.5

7.5 3.7 5.7 7.1 6.9 6.3 7.9

7.1 3.8 5.8 7.0 6.7 7.0 7.9

7.3 3.6 5.6 6.9 6.7 3.8 7.7

26.2 16.7 23.3 29.1 20.8 19.1 27.7

26.7 17.0 22.8 27.7 21.9 18.8 29.1

26.6 16.6 23.2 28.7 22.6 12.5 30.1

Mean levels

Lab Level 1 own Level 1 R Level 2 own Level 2 R Level 3 own Level 3 R

A 0.38 1.26 2.53 7.30 9.34 26.50

B 1.50 0.57 8.40 3.70 33.42 16.78

C 1.88 1.31 9.31 5.67 32.77 23.10

D 1.55 1.42 8.25 7.00 30.46 28.51

E 1.46 1.30 7.28 6.79 23.19 21.77

F 0.69 0.71 5.51 5.68 16.25 16.76

G 1.60 1.51 8.29 7.82 30.70 28.97

H 1.29 6.77 26.01

I

J

K
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Laboratory

Cotinine-N-Glucuronide, own stock, single results by lab

Level 1 (U2)

Level 1 (U7)

Level 1 (U8)

Level 2 (U1)

Level 2 (U3)

Level 2 (U5)

Level 3 (U4)

Level 3 (U6)

Level 3 (U9)
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Laboratory

Cotinine-N-Glucuronide, means, own vs R stock by lab

Level 1 own

Level 1 R

Level 2 own

Level 2 R

Level 3 own

Level 3 R



Cotinine-N-Glucuronide, RECIPE stock (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 1.3 1.2 1.3 7.5 7.1 7.3 26.2 26.7 26.6

B 0.6 0.6 0.6 3.7 3.8 3.6 16.7 17.0 16.6

C 1.3 1.3 1.3 5.7 5.8 5.6 23.3 22.8 23.2

D 1.5 1.4 1.4 7.1 7.0 6.9 29.1 27.7 28.7

E 1.3 1.3 1.3 6.9 6.7 6.7 20.8 21.9 22.6

F 0.2 1.0 1.0 6.3 7.0 3.8 19.1 18.8 12.5

G 1.6 1.5 1.5 7.9 7.9 7.7 27.7 29.1 30.1

H

I

J

K

A B C D E F G H I J K

1.3 0.6 1.3 1.5 1.3 0.2 1.6

1.2 0.6 1.3 1.4 1.3 1.0 1.5

1.3 0.6 1.3 1.4 1.3 1.0 1.5

7.5 3.7 5.7 7.1 6.9 6.3 7.9

7.1 3.8 5.8 7.0 6.7 7.0 7.9

7.3 3.6 5.6 6.9 6.7 3.8 7.7

26.2 16.7 23.3 29.1 20.8 19.1 27.7

26.7 17.0 22.8 27.7 21.9 18.8 29.1

26.6 16.6 23.2 28.7 22.6 12.5 30.1
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Laboratory

Cotinine-N-Glucuronide, RECIPE stock, single results by lab

Level 1 (U2)

Level 1 (U7)

Level 1 (U8)

Level 2 (U1)

Level 2 (U3)

Level 2 (U5)

Level 3 (U4)
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Trans-3'-Hydroxycotinine-O-Glucuronide, own stock (nmol/ml)

own

stock

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 0.5 0.5 0.5 2.6 2.5 2.5 8.0 8.0 7.8

B 0.9 0.9 0.8 4.5 4.4 4.3 17.2 17.0 16.7

C 0.6 0.5 0.4 3.1 3.8 3.6 15.4 11.8 14.1

D 1.0 1.0 1.1 5.4 5.4 5.3 19.0 18.9 18.3

E 0.6 0.6 0.7 3.9 3.7 3.7 10.3 10.6 10.1

F 0.7 0.7 0.6 5.9 6.7 5.3 23.5 16.1 13.3

G 1.4 1.5 1.3 5.7 5.5 5.5 12.2 12.4 12.7

H 0.78 0.79 0.84 4.03 4.24 4.22 16.8 16 16.0
I

J

K

A B C D E F G H I J K

own 0.5 0.9 0.6 1.0 0.6 0.7 1.4 0.78

stock 0.5 0.9 0.5 1.0 0.6 0.7 1.5 0.79

0.5 0.8 0.4 1.1 0.7 0.6 1.3 0.84

2.6 4.5 3.1 5.4 3.9 5.9 5.7 4.03

2.5 4.4 3.8 5.4 3.7 6.7 5.5 4.24

2.5 4.3 3.6 5.3 3.7 5.3 5.5 4.22

8.0 17.2 15.4 19.0 10.3 23.5 12.2 16.8

8.0 17.0 11.8 18.9 10.6 16.1 12.4 16

7.8 16.7 14.1 18.3 10.1 13.3 12.7 16.0

A B C D E F G H I J K

RECIPE 0.6 0.4 0.6 0.8 0.7 0.7 1.2

stock 0.6 0.4 0.6 0.8 0.6 0.7 1.2

0.6 0.3 0.4 0.8 0.7 0.6 1.1

3.4 1.9 3.2 3.5 3.9 5.8 4.7

3.3 1.9 3.3 3.5 3.7 6.7 4.5

3.3 1.8 3.5 3.5 3.8 5.3 4.6

10.8 7.1 14.2 12.0 10.3 23.3 10.1

10.8 7.0 12.1 11.8 10.6 16.0 10.2

10.6 6.9 13.1 11.5 10.2 13.1 10.5

Mean levels

Lab Level 1 own Level 1 R Level 2 own Level 2 R Level 3 own Level 3 R

A 0.47 0.57 2.54 3.35 7.96 10.72

B 0.85 0.36 4.41 1.85 16.94 7.02

C 0.50 0.53 3.50 3.34 13.77 13.13

D 1.04 0.81 5.37 3.49 18.73 11.76

E 0.63 0.69 3.76 3.82 10.33 10.37

F 0.67 0.67 5.97 5.92 17.61 17.46

G 1.40 1.15 5.57 4.59 12.43 10.27

H 0.80 4.16 16.25
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Laboratory

OH-Cotinine-O-Glucuronide, own stock, single results by lab

Level 1 (U2)

Level 1 (U7)

Level 1 (U8)
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OH-Cotinine-O-Glucuronide, means, own vs R stock by lab
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Trans-3'-Hydroxycotinine-O-Glucuronide, RECIPE stock (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 0.6 0.6 0.6 3.4 3.3 3.3 10.8 10.8 10.6

B 0.4 0.4 0.3 1.9 1.9 1.8 7.1 7.0 6.9

C 0.6 0.6 0.4 3.2 3.3 3.5 14.2 12.1 13.1

D 0.8 0.8 0.8 3.5 3.5 3.5 12.0 11.8 11.5

E 0.7 0.6 0.7 3.9 3.7 3.8 10.3 10.6 10.2

F 0.7 0.7 0.6 5.8 6.7 5.3 23.3 16.0 13.1

G 1.2 1.2 1.1 4.7 4.5 4.6 10.1 10.2 10.5

H

I

J

K

A B C D E F G H I J K

0.6 0.4 0.6 0.8 0.7 0.7 1.2

0.6 0.4 0.6 0.8 0.6 0.7 1.2

0.6 0.3 0.4 0.8 0.7 0.6 1.1

3.4 1.9 3.2 3.5 3.9 5.8 4.7

3.3 1.9 3.3 3.5 3.7 6.7 4.5

3.3 1.8 3.5 3.5 3.8 5.3 4.6

10.8 7.1 14.2 12.0 10.3 23.3 10.1

10.8 7.0 12.1 11.8 10.6 16.0 10.2

10.6 6.9 13.1 11.5 10.2 13.1 10.5
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Trans-3'-Hydroxycotinine-O-Glucuronide, RECIPE stock (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 4.2 4.2 4.2 24.9 24.5 24.6 100.8 102.8 99.7

B 6.3 5.9 5.9 35.9 36.3 35.8 140.1 140.8 136.0

C 6.8 6.8 6.6 36.8 38.1 37.5 141.6 137.4 138.4

D 6.6 6.5 6.4 38.0 37.7 36.9 146.7 145.6 143.9

E 5.5 5.5 5.6 33.8 32.8 32.6 119.2 121.1 120.8

F 6.1 6.5 6.8 28.3 29.8 25.1 87.8 93.3 80.3

G 6.5 6.4 6.2 35.9 35.0 36.5 136.5 140.2 143.7

H 5.7 5.5 5.6 34.6 36.2 35.1 140.0 140.1 138.8

I

J

K

A B C D E F G H I J K

4.2 6.3 6.8 6.6 5.5 6.1 6.5 5.7

4.2 5.9 6.8 6.5 5.5 6.5 6.4 5.5

4.2 5.9 6.6 6.4 5.6 6.8 6.2 5.6

24.9 35.9 36.8 38.0 33.8 28.3 35.9 34.6

24.5 36.3 38.1 37.7 32.8 29.8 35.0 36.2

24.6 35.8 37.5 36.9 32.6 25.1 36.5 35.1

100.8 140.1 141.6 146.7 119.2 87.8 136.5 140.0

102.8 140.8 137.4 145.6 121.1 93.3 140.2 140.1

99.7 136.0 138.4 143.9 120.8 80.3 143.7 138.8
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Laboratory

Nicotine equivalents, own stock, single results by lab

Level 1 (U2)

Level 1 (U7)
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Level 2 (U5)
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Trans-3'-Hydroxycotinine-O-Glucuronide, RECIPE stock (nmol/ml)

Lab Level 1 (U2) Level 1 (U7) Level 1 (U8) Level 2 (U1) Level 2 (U3) Level 2 (U5) Level 3 (U4) Level 3 (U6) Level 3 (U9)

A 5.2 5.2 5.3 31.4 30.7 30.8 123.8 126.2 123.2

B 4.6 4.3 4.3 27.3 27.6 27.3 108.3 109.0 105.0

C 6.4 6.4 6.2 34.4 34.5 34.4 134.2 133.6 134.8

D 6.3 6.1 6.1 34.8 34.6 33.8 137.5 136.3 135.0

E 5.5 5.5 5.6 33.5 32.5 32.4 118.5 120.4 119.7

F 6.1 6.5 6.8 28.6 30.1 25.3 88.2 93.8 80.7

G 6.1 6.0 5.8 34.0 33.2 34.6 130.6 134.2 137.5

H

I

J

K

A B C D E F G H I J K

5.2 4.6 6.4 6.3 5.5 6.1 6.1

5.2 4.3 6.4 6.1 5.5 6.5 6.0

5.3 4.3 6.2 6.1 5.6 6.8 5.8

31.4 27.3 34.4 34.8 33.5 28.6 34.0

30.7 27.6 34.5 34.6 32.5 30.1 33.2

30.8 27.3 34.4 33.8 32.4 25.3 34.6

123.8 108.3 134.2 137.5 118.5 88.2 130.6

126.2 109.0 133.6 136.3 120.4 93.8 134.2

123.2 105.0 134.8 135.0 119.7 80.7 137.5
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Nicotine equivalents, RECIPE stock, single results by lab
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CORESTA Task Nicotine Uptake: 
 

Proficiency Test 1 (Salivary cotinine)



CORESTA Task Force „Nicotine Intake“ 

 

 

List of laboratories participatíng in the 2nd ring-trial (November 21, 2003) 

 

 

No Name / Address e-mail Analytes Volume (ml) Transportation 
1 Ehmoser, Horst 

Austria-Tabak AG 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

 Kein Speichel!   

2 Cahours, Xavier  Dr. 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

France 

xavier.cahours@altadis.com  Alle   

3 Lionetti, Giovanni Dr. 

ETI – ENTE Tabacchi Italiani S.P.A. 

Circonvallazione Ostiense 191 

00154 Roma 

ITALY 

giovanni.lionetti@entetabacchi.it Alle   

4 Ogden, Mike Dr. 

RJ Reynolds Tobacco Company 

95 West 32
nd

 Street 

Winston Salem, NC 27102 

USA 

ogdenm@rjrt.com 

 
Alle   

5 Scheper, Georg Dr. 

PHILIP MORRIS Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

schepers.georg@pmintl.ch 

 
Alle   



 
6 Bentley, Mark 

Covance Laboratories Ltd. 

Otley Road 

Harrogate 

N Yorks 

HG31Py 

UK 

mark.bentley@covance.com 
 

Alle   

 



Cotinine in Saliva: Spike 30 ng/ml
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Cotinine in Saliva: Spike 150 ng/ml
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Cotinine in Saliva: Smoker 3
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Cotinine in Saliva: Smoker 2
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Cotinine in Saliva: Smoker 1
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Cotinine in saliva (ng/ml)

Sample name Sample # A B C D E F G H J J revised on March 26, 2004

Smoker 1 4 187 278 360 345.6 251 336.5 284.1

Smoker 1 8 164 276 394 340.4 249 352.2 290.2

Smoker 1 11 165 272 392 340.5 250 354.4 290.3

Smoker 2 1 89 112 103 155.3 108 166.6 132.8

Smoker 2 9 85 118 152.2 109 148.3 124.1

Smoker 2 15 90 121 109 155.9 110 157.5 129.6

Smoker 3 2 181 246 363 321.4 227 333.6 265.4

Smoker 3 6 181 244 318.1 228 296.6 266.7

Smoker 3 13 151 250 370 309.9 228 299.5 261.9

Spike 150 ng/ml 3 88 95 131.5 94 129.6 108.1

Spike 150 ng/ml 7 72 99 130 132.2 92 135 111.4

Spike 150 ng/ml 14 80 99 128 132.2 94 141.7 106.2

Set-point 150 150 150 150 150 150 150 150 150

Spike 30 ng/ml 5 17 19 31 32 21 28.1 26.4

Spike 30 ng/ml 10 19 21 22 31 21 30.6 23.5

Spike 30 ng/ml 12 19 21 31.5 21 28.7 24.7

Set-point 30 30 30 30 30 30 30 30 30



Saliva_cotinine_Smoker_1

LABOR Mean SD

A 172 13

B 275.333333 3.05505046

D 382 19.078784

F 342.166667 2.97377426

G 250 1

H 347.7 9.76165969

J 288.185593 3.52632523

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 27.1862067 27.1862067

R 199.721347 199.721347

sr 9.70935952 9.70935952

sR 71.3290524 71.3290524

1: without outliers (p<=0,01)

2: whole dataset
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Saliva_cotinine_Smoker_2

LABOR Mean SD

A 88 2.64575131

B 117 4.58257569

D 106 4.24264069

F 154.466667 1.9857828

G 109 1

H 157.466667 9.15004554

J 128.843654 4.38466894

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 13.1285577 13.1285577

R 72.7118335 72.7118335

sr 4.6887706 4.6887706

sR 25.968512 25.968512

1: without outliers (p<=0,01)

2: whole dataset
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Saliva cotinine Smoker 3

LABOR Mean SD

A 171 17.3205081

B 246.666667 3.05505046

D 366.5 4.94974747

F 316.466667 5.92143001

G 227.666667 0.57735027

H 309.9 20.5759568

J 264.680502 2.48976795

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 29.910781 29.910781

R 183.116643 183.116643

sr 10.6824218 10.6824218

sR 65.3988012 65.3988012

1: without outliers (p<=0,01)

2: whole dataset
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Saliva cotinine Spike 150 ng/ml

LABOR Mean SD

A 80 8

B 97.6666667 2.30940108

D 129 1.41421356

F 131.966667 0.40414519

G 93.3333333 1.15470054

H 135.433333 6.06162794

J 108.597757 2.62683695

LABOR 

Variance 

Cochran

Location 

Grubbs

- -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 11.4214902 11.4214902

R 61.3839085 61.3839085

sr 4.07910364 4.07910364

sR 21.9228245 21.9228245

1: without outliers (p<=0,01)

2: whole dataset
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Saliva cotinine Spike 30 ng/ml

LABOR Mean SD

A 18.3333333 1.15470054

B 20.3333333 1.15470054

D 26.5 6.36396103

F 31.5 0.5

G 21 0

H 29.1333333 1.30511813

J 24.882526 1.43790669

LABOR 

Variance 

Cochran

Location 

Grubbs

D C** -

**:p<=0,01

*: 0,01<p<=0,5

within and between labs variation

1. 2.

r 2.95608393 7.26980638

R 14.8910401 14.8695802

sr 1.05574426 2.59635942

sR 5.3182286 5.31056435

1: without outliers (p<=0,01)

2: whole dataset
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Level MW r R

Smoker 1 293.912228 27.1862067 199.721347

Smoker 2 122.968141 13.1285577 72.7118335

Smoker 3 271.840072 29.910781 183.116643

Spike 150 ng/ml 110.856822 11.4214902 61.3839085

Spike 30 ng/ml 24.1970877 2.95608393 14.8910401
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Labor Smoker 1 Smoker 2 Smoker 3 Spike 150 ng/mlSpike 30 ng/mlh-Max1% h-Max5% h-Min1% h-Min5%

A -1.71980751 -1.36143503 -1.55582438 -1.42405022 -1.27184784 1.98 1.71 -1.98 -1.71

B -0.2620912 -0.23236112 -0.38839121 -0.60872905 -0.86109349 1.98 1.71 -1.98 -1.71

D 1.24264822 -0.66063053 1.46047322 0.83731227 0.40539912 1.98 1.71 -1.98 -1.71

F 0.68072209 1.22635047 0.68852732 0.97422469 1.43228501 1.98 1.71 -1.98 -1.71

G -0.61946681 -0.54382978 -0.68153522 -0.80871349 -0.72417537 1.98 1.71 -1.98 -1.71

H 0.75878045 1.34315122 0.58721264 1.13421224 0.94622569 1.98 1.71 -1.98 -1.71

J -0.08078524 0.22875477 -0.11046237 -0.10425644 0.07320688 1.98 1.71 -1.98 -1.71

Labor Smoker 1 Smoker 2 Smoker 3 Spike 150 ng/mlSpike 30 ng/mlk-Max1% k-Max5%

A 1.33891427 0.56427399 1.62140275 1.96121518 0.44473832 1.94 1.66

B 0.3146501 0.9773512 0.2859886 0.5661541 0.4447383 1.94 1.66

D 1.96498894 0.90485141 0.46335443 0.34669714 2.45110942 1.94 1.66

F 0.30627914 0.42351886 0.55431532 0.09907696 0.19257734 1.94 1.66

G 0.10299341 0.21327552 0.05404676 0.28307703 0 1.94 1.66

H 1.00538657 1.95148074 1.92615095 1.4860196 0.50267237 1.94 1.66

J 0.36318824 0.93514256 0.23307149 0.64397406 0.5538165 1.94 1.66
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Datenquelle -  Rang je Sample und Labor für die Mittelwerte

LABOR Smoker 1 Smoker 2 Smoker 3 Spike 150 ng/mlSpike 30 ng/mlMIN MAX

A 7 7 7 7 7 8 32

B 5 4 5 5 6 8 32

D 1 6 1 3 3 8 32

F 3 2 2 2 1 8 32

G 6 5 6 6 5 8 32

H 2 1 3 1 2 8 32

J 4 3 4 4 4 8 32
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Datenquelle -  Rang je Sample und Labor für die Standardabweichungen

LABOR Smoker 1 Smoker 2 Smoker 3 Spike 150 ng/mlSpike 30 ng/ml

A 2 5 2 1 5

B 5 2 5 4 4

D 1 4 4 5 1

F 6 6 3 7 6

G 7 7 7 6 7

H 3 1 1 2 3

J 4 3 6 3 2



 

 

 

 

 

 

 

 

CORESTA Task Force Nicotine Uptake: 
 

Proficiency Test 2 (Salivary cotinine)



CORESTA Task Force „Nicotine Uptake“ 

 

 

List of laboratories participating in 

1. 3
rd

 Ring Trial on nicotine + 5 major metabolites in urine  

2. 2
nd

 Proficiency Test on cotinine in saliva 

 

No Name / Address e-mail 1. Nicotine metabolites in urine 2. Cotinine in saliva 

1 Ehmoser, Horst 

Austria-Tabak AG 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

HorstEhmoser@AustriaTabak.com 

 
Method:  

LC-MS/MS (ESI), indirect 

Volume: 3 ml 

Method:  

LC-MS/MS (ESI) 

Volume: 1 ml 

2 Cahours, Xavier  Dr. 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

France 

xavier.cahours@altadis.com Method:  

LLE-GC/NPD, indirect 

Volume: 5 ml 

Method:  

LC-MS 

Volume: 0.5 ml 

3 Lionetti, Giovanni Dr. 

ETI – ENTE Tabacchi Italiani S.P.A. 

Circonvallazione Ostiense 191 

00154 Roma 

ITALY 

giovanni.lionetti@bat.com 
 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

GC-MS/MS 

Volume: 1 ml 

4 Ogden, Mike Dr. 

RJ Reynolds Tobacco Company 

95 West 32
nd

 Street 

Winston Salem, NC 27102 

USA 

ogdenm@rjrt.com 

 
Method:  

LC-MS/MS, indirect 

Volume: 2 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

5 Wenzel, Elisabeth 

PHILIP MORRIS Research Lab. 

GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

elisabeth.wenzel@pmintl.com 

 

 

Method:  

HPLC-UV, after deriv., indirect 

Volume: 5 ml 

Method:  

HPLC-UV, after deriv. 

Volume: 1 ml 



 
7 Hyung-Ok Sohn 

KT&G Central Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

Korea 

hosohn@tktng.com 
 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

8 Bentley, Mark 

MDS Pharma Services Switzerland AG 

Zurich 

Switzerland 

Mark.Bentley@mdsps.com 
 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

9 Phillips, Keith / Bakes, David 

Manager of Bioanalytical Method 

Development 

Covance Laboratories Ltd. 

Otley Road 

Harrogate 

N. Yorks, HG3 1PY 

UK 

Keith.Phillips@covance.com 
 
David.Bakes@covance.com 
 

Method:  

LC-MS/MS, indirect 

Volume: 2 ml 

Method:  

LC-MS/MS 

Volume: 0.5 ml 

10 Sharifi, Mehran 

Labstat International Inc. 

262 Manitou Dr 

Kitchener 

ON CANADA 

N2C 1L3 

msharifi@labstat.com 
 

Method:  

LC-MS/MS, direct 

Volume: 3 ml 

- 

11 Newland, Kirk 

MDS Pharma Services, Inc. 

 

 

 

 

USA 

Kirk.Newland@mdsinc.com 
 

Method:  
 

Method: 



 
12 Reference Laboratory 

Scherer, Gerhard 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

gerhard.scherer@abf-lab.com 
 

Method 1:  

LC-MS/MS, direct 

Volume: 3 ml 

 

Method 2 : 

GC-MS, indirect 

Volume: 5 ml 

Method 1:  

LC-MS/MS 

Volume: 0.5 ml 

 

Method 2 : 

GC-MS 

Volume: 1 ml 

 



Cotinine in Saliva: Reference Sample 1

                                    Reference Sample 2
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Cotinine in Saliva: Heavy Smoker 1
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Cotinine in Saliva: Heavy Smoker 2
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Cotinine in Saliva: Medium Smoker 2
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Cotinine in Saliva: Light Smoker
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Cotinine in Saliva: Medium Smoker 1
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Cotinine in saliva (ng/ml): CORESTA Ring Trial 3

Reihe 1 2 3 4 5 6 7 8 9 10 11

Order Sample name Sample # A (reported) A (LC-MS/MS) A (GC-MS) B C D E F G H I J K

1 Reference Sample 1 R1 372 385.7 366 319 175 200 230 118 115.5 201.7 199

2 Reference Sample 2 R2 99 131.3 135 173 99.3 112.5 90 80 68.9 115.4 110

3 Heavy Smoker 1 5 595.1 599.8 445.61 248 275.2 347 163 146.3 316.6 291

4 Heavy Smoker 1 8 568.8 609.6 455.21 260 296 350 165 149.1 311.2 298

5 Heavy Smoker 2 9 397.3 394.1 289.14 161 186.7 201 115 91.6 189.4 185

6 Heavy Smoker 2 3 392.2 391.5 273.46 158 188.7 171 111 93.9 190.4 190

7 Medium Smoker 1 7 293.5 292.2 283.24 158 181.6 178 112 116.9 166.1 189

8 Medium Smoker 1 10 301.6 288.9 282.10 155 186.2 172 113 87.9 172.8 180

9 Medium Smoker 2 4 226.6 210.1 188.71 96.7 110.8 70 68 60.3 106.1 94.9

10 Medium Smoker 2 2 234.5 196.1 145.40 83.1 95.8 69 70 59.6 96.7 94.2

11 Light Smoker 1 139.1 122 97.17 56.8 59.7 40 53 41.9 69.0 56.1

12 Light Smoker 6 131.4 125.1 92.30 58.5 57.8 42 54 41.4 68.3 58.9

1 Reference Sample 1 R1 372 319 175 200 118 115.5 201.7 199

2 Reference Sample 2 R2 99 173 99.3 112.5 80 68.9 115.4 110

3 Heavy Smoker 1 5 595.1 445.61 248 275.2 347 163 146.3 316.6 291

4 Heavy Smoker 1 8 568.8 455.21 260 296 350 165 149.1 311.2 298

5 Heavy Smoker 2 9 397.3 289.14 161 186.7 201 115 91.6 189.4 185

6 Heavy Smoker 2 3 392.2 273.46 158 188.7 171 111 93.9 190.4 190

7 Medium Smoker 1 7 293.5 283.24 158 181.6 178 112 116.9 166.1 189

8 Medium Smoker 1 10 301.6 282.10 155 186.2 172 113 87.9 172.8 180

9 Medium Smoker 2 4 226.6 188.71 96.7 110.8 70 68 60.3 106.1 94.9

10 Medium Smoker 2 2 234.5 145.40 83.1 95.8 69 70 59.6 96.7 94.2

11 Light Smoker 1 139.1 97.17 56.8 59.7 40 53 41.9 69.0 56.1

12 Light Smoker 6 131.4 92.30 58.5 57.8 42 54 41.4 68.3 58.9



 

 

 

 

 

CORESTA Task Force Nicotine Uptake: 

 
 

Proficiency Test 3 (Salivary cotinine)



 

 

Design of the 4
th

 CORESTA Ring Trial on Nicotine and its Metabolites in Urine and 

3
rd

 Proficiency Tests on Salivary Cotinine 
 

Welcome to the 4
th

 CORESTA Ring Trial on nicotine and its metabolites in urine and the 

3
rd

 Proficiency Test on salivary cotinine, part of a continuing effort to evaluate inter-

laboratory data on biomarkers of nicotine exposure.  RJRT is pleased to direct this next 

study in the series. 

 

From the 2006 Munich CORESTA meeting, it was concluded that for the Ring Trials on 

nicotine and its metabolites in urine: 

 

• Ring Trial 3 had some unexplainable results and the data may not be 

useful. 

• From Ring Trials 1 and 2, inter- and intra-laboratory variability was 

acceptable with either the direct or indirect methods. 

• Some systematic deviations between both methods still need to be 

clarified. 

 

As for salivary cotinine, the latest Proficiency Test showed that inter-laboratory 

variability was unacceptable and there may be a problem with calibrators. 

 

A common concern of these studies was standards purity in the preparation of calibrators 

(calibration standards).  It was proposed to supply calibrator solutions with the next 

sample set for testing.  A review of the methods, however, suggested that different 

solvents for primary standards were in use and any change in solvent for a method could 

impact the performance of that method, particularly those methods that use short LC 

runs.  Thus, we have decided to not supply calibrators as neat solutions but instead, we 

have designed the current study as a set of 42 urine (and 42 saliva) samples that have 

embedded within the set calibration standards prepared by adding known amounts of 

each analyte to urine (or saliva) from nonsmokers; the remaining samples represent 

smokers with a wide range of behaviors.  Since the samples are randomized and coded, 

the participating labs will not have knowledge about which samples are calibration 

standards.  Thus, in this round of the study, we ask that each lab: 

 

• analyze each of the 42 samples as an unknown using their own calibration 

standards according to their usual method. 

• return to RJRT (using the attached template) the data from the analytical 

run, including area counts of each analyte and internal standard along with 

the determined concentration. 

 

We will collect all the data and compare the determined concentrations from each 

laboratory with those determined using the embedded calibration curve.  By normalizing 

the data to the same calibration curve, we can eliminate standard purity and preparation 

from the variability and look at other possible variabilities from each method. 



 

The projected time frame: 

 

June 19, 2006:   ship samples to all participating laboratories 

July 31, 2006:   have all data returned to RJRT for compilation and analysis 

September 15, 2006:   issue a report summarizing the findings. 

October, 15-20, 2006: present report for discussion at CORESTA Congress 

 

Thank you in advance for your laboratory’s participation. 

 

Sincere regards, 

 

Gary D. Byrd 

Human Studies Division 

R. J. Reynolds Tobacco Company 

P. O. Box 1487 

Winston-Salem, NC  27102 

USA 

byrdg@rjrt.com 

Tel. 336 741-2603



CORESTA Task Force on Nicotine Uptake 

 

List of laboratories invited to participate 

 

No 
Contact Person / 

Address 
e-mail Shipping Address 

1. Nicotine metabolites in 

urine 

2. Cotinine in 

saliva 

1 Ehmoser, Horst 

Austria-Tabak AG 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

HorstEhmoser@AustriaTabak.com 

 

Horst Ehmoser 

Austria-Tabak AG 

Hasnerstr. 127 

A-1160 Wien 

AUSTRIA 

Method:  

LC-MS/MS (ESI), indirect 

Volume: 3 ml 

Method:  

LC-MS/MS (ESI) 

Volume: 1 ml 

2 Cahours, Xavier  Dr. 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

France 

xavier.cahours@altadis.com Dr. Xaxier Cahours 

Altadis 

Centre de Recherche 

4, Rue André Dessaux 

45404 Fleury-Les-Aubrais 

FRANCE 

Method:  

LLE-GC/NPD, indirect 

Volume: 5 ml 

Method:  

LC-MS 

Volume: 0.5 ml 

3 Lionetti, Giovanni Dr. 

ETI – ENTE Tabacchi Italiani 

S.P.A. 

Circonvallazione Ostiense 191 

00154 Roma 

ITALY 

giovanni.lionetti@bat.com 
 

Dr. Stefano Ciaravolo 

BAT Italia S.p.A. 

Complesso Universitario Monte S. 

Angelo 

Dipartimento di Chimica 

Via Cinzia 45 

80126 Napoli 

ITALIA 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

GC-MS/MS 

Volume: 1 ml 

4 Ogden, Mike Dr. 

RJ Reynolds Tobacco Company 

P.O. Box 1487 

Winston Salem, NC 27102 

USA 

ogdenm@rjrt.com 

 

Dr. Gary Byrd 

RJ Reynolds Tobacco Company 

R&D 

950 Reynolds Blvd. 

Winston Salem, NC 27105 

USA 

Method 1:  

LC-MS/MS, indirect 

Volume: 2 ml 

Method 2:  

LC-MS/MS, direct 

Volume: 2 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 



 
5 Wenzel, Elisabeth Dr. 

PHILIP MORRIS Research 

Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

elisabeth.wenzel@pmintl.com 

 

 

Dr. Elisabeth Wenzel 

PHILIP MORRIS Research Lab. GmbH 

Fuggerstr. 3 

51149 Köln 

GERMANY 

Method:  

HPLC-UV, after deriv., 

indirect 

Volume: 5 ml 

Method:  

HPLC-UV, after 

deriv. 

Volume: 1 ml 

6 Hyung-Ok Sohn 

KT&G Central Research 

Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

Korea 

hosohn@tktng.com 
 

Hyung-Ok Sohn 

KT&G Central Research Institute 

302 Sinseong-dong 

Yuseong-gu 

Deajeon 305-805 

KOREA 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

7 Bentley, Mark 

MDS Pharma Services 

Switzerland AG 

Zurich 

Switzerland 

Mark.Bentley@mdsps.com 
 

Jeff Long 

Laboratory Manager 

MDS Pharma Services 

Newton House, 550 Winch Road 

Sittingbourne Research Centre 

Sittingborune, Kent, ME9 8EF 

ENGLAND 

Method:  

LC-MS/MS, direct 

Volume: 5 ml 

Method:  

LC-MS/MS 

Volume: 1 ml 

8 Phillips, Keith / Bakes, David 

Manager of Bioanalytical 

Method Development 

Covance Laboratories Ltd. 

Otley Road 

Harrogate 

N. Yorks, HG3 1PY 

UK 

Keith.Phillips@covance.com 
 
David.Bakes@covance.com 
 

David Bakes 

Manager of Bioanalytical Method 

Development 

Covance Laboratories Ltd. 

Otley Road 

Harrogate 

N. Yorks, HG3 1PY 

ENGLAND 

Method:  

LC-MS/MS, indirect 

Volume: 2 ml 

Method:  

LC-MS/MS 

Volume: 0.5 ml 

9 Sharifi, Mehran 

Labstat International Inc. 

262 Manitou Dr 

Kitchener 

ON CANADA 

N2C 1L3 

msharifi@labstat.com 
 

Dr. Mehran Sharifi 

Labstat International Inc. 

262 Manitou Dr 

Kitchener 

ON CANADA 

N2C 1L3 

CANADA 

 

(Customs broker: Russell Farrow) 

Method:  

LC-MS/MS, direct 

Volume: 3 ml 

- 



 
10 Newland, Kirk 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

Kirk.Newland@mdsinc.com 
 

Kirk Newland 

MDS Pharma Services, Inc. 

621 Rose St. 

Lincoln, NE USA 

68502 

USA 

Method:  

LC-MS/MS, direct 

Volume: 0.5 mL 
 

- 

11 Scherer, Gerhard 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

gerhard.scherer@abf-lab.com 
 

Gerhard Scherer 

ABF GmbH 

Goethestr. 20 

80336 Muenchen 

GERMANY 

Method 1:  

LC-MS/MS, direct 

Volume: 3 ml 

 

Method 1:  

LC-MS/MS 

Volume: 0.5 ml 
 

 

 



SAMPLES ARRAYED FOR STATISTICAL ANALYSES (Saliva COT only)

Rep Conc ECC Corr

LAB Sample Rep (nmol/mL) (nmol/mL)

3 SS-1 1 0.118

3 SS-1 2 0.123

3 SS-1 3 0.127

3 SS-2 1 0.317

3 SS-2 2 0.310

3 SS-2 3 0.321

3 SS-3 1 0.607

3 SS-3 2 0.630

3 SS-3 3 0.630

3 SS-4 1 1.243

3 SS-4 2 1.243

3 SS-4 3 1.209

3 SS-5 1 3.047

3 SS-5 2 3.149

3 SS-5 3 3.138

3 SS-6 1 6.015

3 SS-6 2 5.902

3 SS-6 3 6.015

3 Sal-SB 1 0.307 0.282

3 Sal-SB 2 0.301 0.277

3 Sal-SB 3 0.305 0.281

3 Sal-SC 1 0.543 0.499

3 Sal-SC 2 0.554 0.509

3 Sal-SC 3 0.540 0.497

3 Sal-SD 1 0.670 0.616

3 Sal-SD 2 0.658 0.605

3 Sal-SD 3 0.664 0.612

3 Sal-SE 1 0.891 0.818

3 Sal-SE 2 0.846 0.779

3 Sal-SE 3 0.863 0.792

3 Sal-SF 1 1.095 1.006

3 Sal-SF 2 1.061 0.977

3 Sal-SF 3 1.101 1.013

3 Sal-SG 1 2.117 1.951

3 Sal-SG 2 2.190 2.015

3 Sal-SG 3 2.162 1.994

5 SS-1 1 0.111

5 SS-1 2 0.101

5 SS-1 3 0.085

5 SS-2 1 0.266

5 SS-2 2 0.321

5 SS-2 3 0.223

5 SS-3 1 0.637

5 SS-3 2 0.568

5 SS-3 3 0.604

5 SS-4 1 1.195

5 SS-4 2 1.067

5 SS-4 3 1.177

5 SS-5 1 2.756

5 SS-5 2 2.845

5 SS-5 3 2.709

5 SS-6 1 5.733

5 SS-6 2 6.050

5 SS-6 3 5.586

5 Sal-SB 1 0.252 0.264

5 Sal-SB 2 0.287 0.295

5 Sal-SB 3 0.302 0.311

5 Sal-SC 1 0.456 0.464

5 Sal-SC 2 0.521 0.524

5 Sal-SC 3 0.467 0.475

5 Sal-SD 1 0.657 0.660

5 Sal-SD 2 0.556 0.562

5 Sal-SD 3 0.583 0.587

5 Sal-SE 1 0.747 0.744

5 Sal-SE 2 0.813 0.809

5 Sal-SE 3 0.736 0.734

5 Sal-SF 1 0.986 0.977

5 Sal-SF 2 0.931 0.924

5 Sal-SF 3 1.047 1.037

5 Sal-SG 1 2.033 2.002

5 Sal-SG 2 1.967 1.938

5 Sal-SG 3 1.997 1.968

6 SS-1 1 0.138

6 SS-1 2 0.132

6 SS-1 3 0.133

6 SS-2 1 0.338

6 SS-2 2 0.351

6 SS-2 3 0.352

6 SS-3 1 0.692

6 SS-3 2 0.670

6 SS-3 3 0.675

6 SS-4 1 1.356

6 SS-4 2 1.328

6 SS-4 3 1.339

6 SS-5 1 3.348

6 SS-5 2 3.400

6 SS-5 3 3.422

6 SS-6 1 6.640

6 SS-6 2 6.697

6 SS-6 3 6.583

6 Sal-SB 1 0.329 0.276

6 Sal-SB 2 0.343 0.288

6 Sal-SB 3 0.335 0.281

6 Sal-SC 1 0.607 0.511

6 Sal-SC 2 0.590 0.497

6 Sal-SC 3 0.573 0.481

6 Sal-SD 1 0.709 0.594

6 Sal-SD 2 0.738 0.621

6 Sal-SD 3 0.732 0.614

6 Sal-SE 1 0.931 0.779

6 Sal-SE 2 0.914 0.766

6 Sal-SE 3 0.931 0.779

6 Sal-SF 1 1.169 0.981

6 Sal-SF 2 1.186 0.997

6 Sal-SF 3 1.192 0.999

6 Sal-SG 1 2.304 1.936

6 Sal-SG 2 2.310 1.940

6 Sal-SG 3 2.361 1.979

8 SS-1 1 0.106

8 SS-1 2 0.105

8 SS-1 3 0.102

8 SS-2 1 0.279

8 SS-2 2 0.273

8 SS-2 3 0.272

8 SS-3 1 0.548

8 SS-3 2 0.546

8 SS-3 3 0.554

8 SS-4 1 1.086



8 SS-4 2 1.092

8 SS-4 3 1.074

8 SS-5 1 2.712

8 SS-5 2 2.721

8 SS-5 3 2.755

8 SS-6 1 5.314

8 SS-6 2 5.348

8 SS-6 3 5.488

8 Sal-SB 1 0.265 0.280

8 Sal-SB 2 0.266 0.280

8 Sal-SB 3 0.270 0.285

8 Sal-SC 1 0.472 0.494

8 Sal-SC 2 0.465 0.487

8 Sal-SC 3 0.468 0.489

8 Sal-SD 1 0.579 0.605

8 Sal-SD 2 0.573 0.598

8 Sal-SD 3 0.582 0.608

8 Sal-SE 1 0.741 0.772

8 Sal-SE 2 0.761 0.792

8 Sal-SE 3 0.755 0.787

8 Sal-SF 1 0.922 0.959

8 Sal-SF 2 0.932 0.970

8 Sal-SF 3 0.970 1.010

8 Sal-SG 1 1.912 1.984

8 Sal-SG 2 1.909 1.982

8 Sal-SG 3 1.902 1.977

9D SS-1 1 0.639

9D SS-1 2 0.596

9D SS-1 3 0.583

9D SS-2 1 0.868

9D SS-2 2 0.839

9D SS-2 3 0.838

9D SS-3 1 1.230

9D SS-3 2 1.227

9D SS-3 3 1.245

9D SS-4 1 2.053

9D SS-4 2 2.051

9D SS-4 3 2.132

9D SS-5 1 4.659

9D SS-5 2 4.642

9D SS-5 3 4.543

9D SS-6 1 8.769

9D SS-6 2 8.739

9D SS-6 3 8.881

9D Sal-SB 1 0.781 0.235

9D Sal-SB 2 0.746 0.211

9D Sal-SB 3 0.795 0.245

9D Sal-SC 1 1.033 0.409

9D Sal-SC 2 1.237 0.551

9D Sal-SC 3 1.000 0.386

9D Sal-SD 1 1.189 0.517

9D Sal-SD 2 1.229 0.545

9D Sal-SD 3 1.172 0.506

9D Sal-SE 1 1.465 0.708

9D Sal-SE 2 1.484 0.721

9D Sal-SE 3 1.444 0.694

9D Sal-SF 1 1.783 0.928

9D Sal-SF 2 1.832 0.962

9D Sal-SF 3 1.838 0.966

9D Sal-SG 1 3.065 1.813

9D Sal-SG 2 2.993 1.764

9D Sal-SG 3 3.046 1.800

10 SS-1 1 0.114

10 SS-1 2 0.112

10 SS-1 3 0.112

10 SS-2 1 0.287

10 SS-2 2 0.282

10 SS-2 3 0.303

10 SS-3 1 0.562

10 SS-3 2 0.582

10 SS-3 3 0.543

10 SS-4 1 1.205

10 SS-4 2 1.203

10 SS-4 3 1.122

10 SS-5 1 2.881

10 SS-5 2 2.816

10 SS-5 3 2.875

10 SS-6 1 5.655

10 SS-6 2 5.440

10 SS-6 3 5.674

10 Sal-SB 1 0.281 0.280

10 Sal-SB 2 0.291 0.289

10 Sal-SB 3 0.289 0.287

10 Sal-SC 1 0.497 0.494

10 Sal-SC 2 0.509 0.506

10 Sal-SC 3 0.488 0.485

10 Sal-SD 1 0.622 0.617

10 Sal-SD 2 0.615 0.610

10 Sal-SD 3 0.619 0.615

10 Sal-SE 1 0.793 0.787

10 Sal-SE 2 0.799 0.794

10 Sal-SE 3 0.802 0.796

10 Sal-SF 1 1.001 0.995

10 Sal-SF 2 1.003 0.996

10 Sal-SF 3 1.007 0.999

10 Sal-SG 1 1.978 1.963

10 Sal-SG 2 1.920 1.905

10 Sal-SG 3 1.983 1.964

11 SS-1 1 0.135

11 SS-1 2 0.116

11 SS-1 3 0.126

11 SS-2 1 0.266

11 SS-2 2 0.340

11 SS-2 3 0.201

11 SS-3 1 0.942

11 SS-3 2 0.467

11 SS-3 3 0.427

11 SS-4 1 1.108

11 SS-4 2 1.184

11 SS-4 3 0.993

11 SS-5 1 2.832

11 SS-5 2 3.626

11 SS-5 3 3.139

11 SS-6 1 5.908

11 SS-6 2 5.473

11 SS-6 3 5.764

11 Sal-SB 1 0.342 0.334

11 Sal-SB 2 0.398 0.390

11 Sal-SB 3 0.322 0.313

11 Sal-SC 1 0.568 0.561

11 Sal-SC 2 0.577 0.570



11 Sal-SC 3 0.579 0.572

11 Sal-SD 1 0.834 0.829

11 Sal-SD 2 0.619 0.612

11 Sal-SD 3 0.468 0.461

11 Sal-SE 1 1.010 1.006

11 Sal-SE 2 0.977 0.974

11 Sal-SE 3 0.667 0.661

11 Sal-SF 1 1.001 0.998

11 Sal-SF 2 1.495 1.495

11 Sal-SF 3 1.036 1.033

11 Sal-SG 1 2.032 2.037

11 Sal-SG 2 2.577 2.586

11 Sal-SG 3 2.906 2.917

12 SS-1 1 0.070

12 SS-1 2 0.109

12 SS-1 3 0.134

12 SS-2 1 0.335

12 SS-2 2 0.344

12 SS-2 3 0.322

12 SS-3 1 0.534

12 SS-3 2 1.135

12 SS-3 3 0.311

12 SS-4 1 1.602

12 SS-4 2 1.153

12 SS-4 3 1.316

12 SS-5 1 3.075

12 SS-5 2 3.559

12 SS-5 3 3.409

12 SS-6 1 5.374

12 SS-6 2 5.743

12 SS-6 3 7.821

12 Sal-SB 1 0.493 0.429

12 Sal-SB 2 0.355 0.316

12 Sal-SB 3 0.383 0.339

12 Sal-SC 1 0.554 0.481

12 Sal-SC 2 0.571 0.495

12 Sal-SC 3 0.575 0.498

12 Sal-SD 1 0.695 0.598

12 Sal-SD 2 0.678 0.584

12 Sal-SD 3 0.641 0.552

12 Sal-SE 1 0.712 0.617

12 Sal-SE 2 0.768 0.660

12 Sal-SE 3 0.874 0.638

12 Sal-SF 1 1.283 0.950

12 Sal-SF 2 0.997 0.855

12 Sal-SF 3 1.198 1.028

12 Sal-SG 1 2.598 2.328

12 Sal-SG 2 3.057 2.789

12 Sal-SG 3 3.144 2.878















SalCOT Means

STANDARDS Prep Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL) Reported  (nmol/mL)

Sample nmol/mL LAB-03 LAB-05 LAB-06 LAB-08 LAB-10 LAB-11 LAB-12 LAB-14 ALL LABS

SS-0 0.000 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

SS-1 0.113 Mean 0.123 0.099 0.134 0.104 0.113 0.126 0.104 0.606 0.184

StDev 0.005 0.013 0.003 0.002 0.001 0.010 0.032 0.029 0.187

RSD 3.7% 13.3% 2.5% 2.0% 1.0% 7.7% 30.9% 4.8% 101.5%

Rpd v Prep 8.0% -12.9% 18.2% -8.1% -0.5% 10.9% -8.0% 434.0% 62.0%

SS-2 0.284 Mean 0.316 0.270 0.347 0.275 0.291 0.269 0.334 0.848 0.376

StDev 0.005 0.049 0.008 0.004 0.011 0.070 0.011 0.017 0.211

RSD 1.7% 18.3% 2.3% 1.4% 3.7% 25.9% 3.4% 2.0% 56.0%

Rpd v Prep 11.5% -4.8% 22.3% -3.2% 2.5% -5.2% 17.7% 199.0% 32.6%

SS-3 0.567 Mean 0.622 0.603 0.679 0.549 0.562 0.612 0.660 1.234 0.700

StDev 0.013 0.035 0.012 0.004 0.019 0.286 0.426 0.010 0.240

RSD 2.1% 5.8% 1.7% 0.8% 3.4% 46.8% 64.6% 0.8% 34.3%

Rpd v Prep 9.7% 6.3% 19.7% -3.2% -0.9% 7.9% 16.3% 117.5% 23.4%

SS-4 1.135 Mean 1.231 1.146 1.341 1.084 1.176 1.095 1.357 2.079 1.325

StDev 0.020 0.070 0.014 0.009 0.047 0.096 0.227 0.046 0.350

RSD 1.6% 6.1% 1.1% 0.8% 4.0% 8.8% 16.8% 2.2% 26.4%

Rpd v Prep 8.5% 1.0% 18.2% -4.5% 3.7% -3.5% 19.5% 83.2% 16.8%

SS-5 2.837 Mean 3.112 2.770 3.390 2.729 2.857 3.199 3.347 4.615 3.273

StDev 0.056 0.069 0.038 0.023 0.036 0.400 0.248 0.063 0.651

RSD 1.8% 2.5% 1.1% 0.8% 1.3% 12.5% 7.4% 1.4% 19.9%

Rpd v Prep 9.7% -2.4% 19.5% -3.8% 0.7% 12.8% 18.0% 62.7% 15.4%

SS-6 5.674 Mean 5.977 5.790 6.640 5.383 5.590 5.715 6.313 8.796 6.318

StDev 0.066 0.237 0.057 0.092 0.130 0.222 1.319 0.075 1.176

RSD 1.1% 4.1% 0.9% 1.7% 2.3% 3.9% 20.9% 0.9% 18.6%

Rpd v Prep 5.3% 2.0% 17.0% -5.1% -1.5% 0.7% 11.3% 55.0% 11.4%

AUTHENTIC SAMPLES LAB-03 LAB-05 LAB-06 LAB-08 LAB-10 LAB-11 LAB-12 LAB-14 ALL LABS

Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC Reported ECC

Sample (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated (nmol/mL) Calculated Reported ECC  

SL-SA Mean  (This sample was blank.)

StDev

RSD

Rpd v ECC

SL-SB Mean 0.305 0.280 0.280 0.290 0.335 0.281 0.267 0.282 0.287 0.285 0.354 0.346 0.410 0.361 0.774 0.230 0.390 0.295

StDev 0.003 0.003 0.026 0.024 0.007 0.006 0.003 0.003 0.005 0.005 0.039 0.039 0.073 0.060 0.025 0.017 0.176 0.044

RSD 1.0% 1.0% 9.2% 8.1% 2.1% 2.1% 1.0% 1.0% 1.7% 1.7% 11.1% 11.4% 17.7% 16.5% 3.3% 7.5% 45.0% 15.0%

Rpd v ECC 8.4% -3.5% 17.6% -5.4% 0.6% 2.4% 12.7% 108.2%

SL-SC Mean 0.546 0.502 0.482 0.488 0.590 0.496 0.468 0.490 0.498 0.495 0.574 0.568 0.567 0.491 1.090 0.449 0.619 0.499

StDev 0.007 0.007 0.035 0.032 0.017 0.015 0.004 0.004 0.011 0.011 0.006 0.006 0.011 0.009 0.128 0.089 0.212 0.035

RSD 1.3% 1.3% 7.2% 6.6% 2.9% 3.0% 0.7% 0.7% 2.2% 2.2% 1.0% 1.0% 2.0% 1.9% 11.8% 19.8% 34.3% 7.0%

Rpd v ECC 8.3% -1.2% 17.3% -4.5% 0.6% 1.2% 14.4% 83.3%

SL-SD Mean 0.664 0.611 0.599 0.603 0.726 0.610 0.578 0.603 0.619 0.614 0.640 0.634 0.671 0.578 1.197 0.522 0.728 0.596

StDev 0.006 0.005 0.052 0.051 0.015 0.014 0.005 0.005 0.004 0.004 0.184 0.185 0.028 0.023 0.029 0.020 0.212 0.036

RSD 0.9% 0.9% 8.7% 8.5% 2.1% 2.3% 0.8% 0.9% 0.6% 0.6% 28.7% 29.2% 4.1% 4.1% 2.4% 3.9% 29.1% 6.1%

Rpd v ECC 8.3% -0.7% 17.5% -4.3% 0.7% 1.0% 14.9% 78.4%

SL-SE Mean 0.866 0.796 0.765 0.762 0.925 0.775 0.752 0.783 0.798 0.792 0.885 0.880 0.785 0.638 1.464 0.707 0.925 0.767

StDev 0.023 0.020 0.042 0.041 0.010 0.007 0.010 0.010 0.005 0.005 0.189 0.191 0.082 0.022 0.020 0.014 0.245 0.076

RSD 2.6% 2.5% 5.5% 5.3% 1.1% 1.0% 1.4% 1.3% 0.6% 0.6% 21.4% 21.7% 10.5% 3.4% 1.4% 1.9% 26.5% 9.9%

Rpd v ECC 8.4% 0.4% 17.7% -4.1% 0.7% 0.5% 20.6% 69.7%

SL-SF Mean 1.086 0.999 0.988 0.980 1.182 0.992 0.941 0.979 1.004 0.997 1.177 1.175 1.159 0.944 1.818 0.952 1.195 1.006

StDev 0.021 0.019 0.058 0.057 0.012 0.010 0.025 0.027 0.003 0.002 0.275 0.277 0.147 0.087 0.030 0.021 0.289 0.078

RSD 2.0% 1.9% 5.9% 5.8% 1.0% 1.0% 2.7% 2.7% 0.3% 0.2% 23.4% 23.6% 12.7% 9.2% 1.7% 2.2% 24.2% 7.7%

Rpd v ECC 8.3% 0.9% 17.5% -4.0% 0.7% 0.2% 20.4% 62.5%

SL-SG Mean 2.156 1.987 1.999 1.969 2.325 1.952 1.908 1.981 1.960 1.944 2.505 2.513 2.933 2.665 3.035 1.792 2.403 2.119

StDev 0.037 0.033 0.033 0.032 0.031 0.024 0.005 0.003 0.035 0.033 0.441 0.445 0.293 0.295 0.037 0.026 0.447 0.331

RSD 1.7% 1.7% 1.6% 1.6% 1.3% 1.2% 0.3% 0.2% 1.8% 1.7% 17.6% 17.7% 10.0% 11.1% 1.2% 1.4% 18.6% 15.6%

Rpd v ECC 8.2% 1.5% 17.5% -3.8% 0.8% -0.3% 9.6% 51.5%





CORESTA 4th Ring Trial on Nicotine and 
its Metabolites in Urine 

and
3rd Proficiency Test on Cotinine in Saliva

Plots of data for standards and 
authentic samples.



• These samples are urine and saliva standards (blank 
urine or saliva spiked with known amounts of six 
analytes).

• Each bar represents the mean of three determinations 
for that lab.

• Error bars represent critical difference (based on t-test, 
95% C.I., and standard deviation) of prepared and 
reported concentrations.

• Horizontal lines on plot show prepared concentrations.

• First three standards in each plot are multiplied by 10 for 
illustrative purposes.  Thus, on these plots, US-1 and 
US-4 have the same concentration, US-2 and US-5 have 
the same concentration, and US-3 and US-6 have the 
same concentration.

Plots of Reported Concentrations 

for Standards
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Plots of Mean Concentrations by Lab 

for Authentic Samples 

• Urine and saliva samples from smokers 
labeled A – G.

• Reported concentrations shown on left 
side of plot.

• Concentrations re-calculated using 
embedded calibration curve shown on 
right side of plot.

• Error bars represent standard deviation.
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Nicotine Uptake Task Force 

Mission (2001)

• To develop a Recommended Method for 

nicotine uptake in smokers. 

• To evaluate validity of cotinine as a single 

biomarker for nicotine uptake. 

• To investigate differences in nicotine 

uptake between various populations



Background

• From Ring Trials 1 and 2, inter- and intra-laboratory 
variability was acceptable with either the direct or indirect 
methods.

• Some systematic deviations between methods still need 
to be clarified.

• Ring Trial 3 had some unexplainable results and the 
data may not be useful.

• For salivary cotinine, the latest test showed that inter-
laboratory variability was unacceptable and there may be 
a problem with calibrators.



Objectives of CRT4

• Repeat a round-robin type of study with spiked 

and authentic samples to verify past trends but 

using a larger number of test samples.

• Include some type of standards in the set to 

compensate for possible inconsistencies in 

reference material purity.

• Complete by the end of 2006.



“No experiment, regardless of how 

brilliantly designed and flawlessly 

executed, will ever satisfy more 

than 5% of the people concerned.”

-- Anonymous



Plan

• Produce and ship homogeneous set of samples 

to all laboratories to once again assess testing of 

spiked and authentic samples.

• Calibrators:

– Shipment of solutions considered but issues of 

solvent compatibility and sufficient mass availibility.

– Decided on “embedded calibration curve” as the 

spiked samples.



Embedded Calibration Curve

• Sample set contains coded samples that are actually 
standards used by coordinator to generate a standard 
curve post-analysis using each lab’s type of calibration 
curve (linear, quadratic, power function, etc.).

• Range of concentrations covers authentic samples.

• Results will assess:
– Ability of each lab to reproducibly prepare and analyze spiked  

samples (calibration standards).
– Goodness of fit (error of back-calculated concentration) of each 

data set to the calibration curve.
– Analyte concentrations in authentic samples using independently 

prepared calibration standards versus lab’s own calibration 
standards.



Prep.
Instrumental

analysis

Analyte reference

material

Primary Standard

Working Standard

Aliquotted

Standard

Blank Matrix

Aliquotted

Sample

Sample

Generic Analytical Scheme

(Filter, extraction, etc.)

(LC-MS/MS or other)

Calculated

concentration 

of analyte(Calibration curve)

(Purity, stability)

Internal Standard

ECC



Ring Trial 4 Design

• Seven authentic samples in triplicate from 
smokers representing a range of exposures 
based on previous analyses.

• Seven spiked blank matrix samples in triplicate
representing a calibration range spanning the 
authentic samples above.

• Total:  (7x3)  +  (7x3) = 42 samples
– Coded at random

– Fill sequence monitored



US-0a

C4u-21yy

US-1a

C4u-01yy

US-2a

C4u-23yy

US-3a

C4u-24yy

US-4a

C4u-14yy

US-5a

C4u-11yy

US-6a

C4u-17yy

US-0b

C4u-41yy

US-1b

C4u-06yy

US-2b

C4u-25yy

US-3b

C4u-05yy

US-4b

C4u-20yy

US-5b

C4u-16yy

US-6b

C4u-27yy

US-0c

C4u-03yy

US-1c

C4u-37yy

US-2c

C4u-09yy

US-3c

C4u-02yy

US-4c

C4u-35yy

US-5c

C4u-07yy

US-6c

C4u-04yy

Arrangement of Urine 
Standards

-Blue = sample name

-Red = sample code

-yy = fill sequence



Ur-SA1

C4u-08yy

Ur-SB1

C4u-33yy

Ur-SC1

C4u-31yy

Ur-SD1

C4u-34yy

Ur-SE1

C4u-15yy

Ur-SF1

C4u-11yy

Ur-SG1

C4u-42yy

Arrangement of 
Authentic Urine 

Samples

-Blue = sample name

-Red = sample code

-yy = fill sequence

Ur-SA2

C4u-13yy

Ur-SB2

C4u-30yy

Ur-SC2

C4u-18yy

Ur-SD2

C4u-22yy

Ur-SE2

C4u-19yy

Ur-SF2

C4u-29yy

Ur-SG2

C4u-36yy

Ur-SA3

C4u-40yy

Ur-SB3

C4u-26yy

Ur-SC3

C4u-39yy

Ur-SD3

C4u-38yy

Ur-SE3

C4u-10yy

Ur-SF3

C4u-28yy

Ur-SG3

C4u-32yy



Requests of Participating Labs

• Analyze each of the 42 samples as an unknown 

using their own calibration standards according 

to their usual method.

• Return to RJRT the data from the analytical runs 

including:

– concentrations in units of nmol/mL

– area counts of each analyte and internal standard 

– the calibration equation used in determining 

concentrations



Preparation of CRT4 Samples

• Samples well blended at room temperature, 

continuously stirred while aliquots removed.

• Aliquots taken at mid-level to avoid 

inhomogeneity from:

– Foam near the top

– Sediments near the bottom

• Fill order recorded and a marker analyte 

(cotinine) monitored on samples 1, 2 and 15.

• Processing noted by two witnesses to reduce 

chance of misplacing aliquots.



Fill Monitoring
• Urine diluted to 

appropriate range.

• The first two 
(Seq01 & Seq02) 
and final (Seq15) 
sample in each 
sequence were 
analyzed.

• The mean of 
Seq01 and Seq02 
was compared 
with Seq15.

• No differences 
>10% were 
observed.
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Reference Materials 

Composition Assessments

• Noted source, lot number, and 
appearance of each neat material

• Aglycons analyzed by GC-MS

• Conjugated samples analyzed by LC-DAD

• No assessment for water content



NIC
Clear liquid
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COT
Off-white crystals that melt at r.t.
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3HC
White powder

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0011.0012.00

1000000

2000000

3000000

4000000

5000000

6000000

7000000

8000000

9000000

   1e+07

 1.1e+07

 1.2e+07

Time-->

Abundance

TIC: D1038.D

3HC:  98.8%

c
is

-i
s
o
m

e
r:

  
0
.4

%



NICG
Orange crystals

NICG PS060619

Time
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96.5% by HPLC-DAD



COTG
White crystals

COTG PS060619
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3HCG
Orange crystals

3HCG PS060619

Time
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94.3% by HPLC-DAD



Preparation of Urine Standards

Primary 
Standards

Spiking 
Solution

Urine 
Standards

1 2 3 4 5 6

NIC NICG COT COTG 3HC 3HCG

Rel. Conc.    

1x               2x                5x                          10x              20x             50x



Preparation of Saliva Standards

Primary 
Standard

Spiking 
Solution

Saliva 
Standards

1 2 3 4 5 6

NICCOT

Rel. Conc.    

1x               2x                5x                          10x              20x             50x

Added to simulate matrix



Packaging and Shipping

• Samples frozen at -80°C immediately after 

filling.

• Packed in DHL’s ThermoExpress®.

• Shipped to each lab within 5 days (still chilled) 

except for 2 of 10 labs.



Results

• How well do labs agree on analytes in:

– spiked levels in blank urine?

– authentic samples?

– ECC corrected data in authentic samples?

• How well does urinary COT correlate with 
total nicotine equivalents?



Fitting Data to ECC
1. Plotted prepared concentration (X) versus response 

ratio of analyte/internal standard (Y).

2. Fitted to participant’s type of calibration curve (linear, 
quadratic, or power function) with 1/X weighting.

3. Compared back-calculated data to each point.

4. If necessary, omitted up to two points that exceed ±20% 
deviation (but not both at the same level).

5. Replotted data with omitted points.  Used this equation 
to generate “ECC-adjusted” concentrations for authentic 
samples.
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COT (Lab X)

3.8%29.4704.888828.379

0.3%28.4534.787728.379

-4.1%27.2204.658528.379

1.5%11.5202.394111.352

-1.7%11.1542.327611.352

0.1%11.3602.365111.352

-1.6%5.5841.23875.676

1.6%5.7661.27665.676

1.9%5.7871.28095.676

-1.4%2.7980.63992.838

-0.5%2.8230.64532.838

-1.0%2.8100.64252.838

3.2%1.1720.27361.135

-0.4%1.1310.26421.135

-1.0%1.1240.26261.135

-0.9%0.5620.13320.568

0.6%0.5710.13520.568

-0.1%0.5670.13430.568

%Diffnmol/mLAnlt/ISnmol/mL

Back CalcBack CalcArea RatStd Prep
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5.7%32.58720.247530.825

-21.4%24.22770.184430.825

-1.0%30.51010.231830.825

14.6%14.12480.108112.330

-1.4%12.15380.093212.330

-3.7%11.87230.091112.330

-5.5%5.82420.04546.165

12.9%6.96120.05406.165

12.3%6.92470.05376.165

6.0%3.26700.02613.082

3.0%3.17430.02543.082

-11.9%2.71710.02203.082

-21.3%0.96970.00881.233

-3.5%1.18990.01041.233

-9.9%1.11110.00981.233

7.8%0.66440.00650.616

46.4%0.90270.00830.616

-2.9%0.59870.00600.616

%Diffnmol/mLAnlt/ISnmol/mL

Back CalcBack CalcArea RatStd Prep

NIC (Lab Y)



Results

Urine Standards

(blank urine spiked with known 
amounts of six analytes)
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Summary of Results for Spiked 

Urine Samples

• Total nicotine equivalents show fair 
agreement with approximately half (28 of 
60) of the reported concentrations not 
statistically different from the prepared 
concentrations.

• Most variability with glucuronides.



Results

Authentic Samples

(urine from smokers)
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Summary of Results for 

Authentic Urine  Samples

• Total nicotine equivalents show fair agreement 

with a CV range 12.0 – 24.2 for the seven 

samples here.

• Most variability with glucuronides.

• Embedded calibration curve improves 

agreement of data.



9.05.714.99.120.55.427.38.1

Overall 

Average CVs

7.24.710.27.514.74.115.37.2Tot Nic EquUrine

13.28.317.99.649.65.345.88.33HCGUrine

11.56.514.89.413.86.716.18.43HCUrine

9.35.115.16.924.02.926.05.4COTGUrine

6.44.411.78.59.55.516.18.2COTUrine

16.59.926.112.935.511.645.510.0NICGUrine

6.24.910.98.87.45.117.57.5NIC Urine

1.61.612.69.49.81.836.39.7COTSaliva

BetweenWithinBetweenWithinBetweenWithinBetweenWithinAnalyteMatrix

Outliers 

RemovedAll Labs*

Outliers 

RemovedAll Labs*

ECC Samples OnlyAll Samples
Coefficients of 
Variation (CV)

*LAB-15 data not included for SalCOT.

Statistical analyses by Tom Steichen of RJRT.



Overall Summary

• The ability of a lab to repeat a result is about 3 times as 
good as another lab to produce the similar results.

• Use of the ECC had little effect on within lab variability 
but halved variability between labs.

• Glucuronides show most variability; possible factors:
– Reference material inconsistency (see CV distribution).

– Come in $mall amount$ (10 mg) which are difficult to handle.

– Elute close to solvent front (in direct method) where matrix 
effects have greatest impact.



Additional Notes

• HPLC-derivatization method gave one of 
the best agreements with prepared 
amounts.



Correlation of COT 

and Total Nicotine 

Equivalents in Urine

(Correlation with saliva cotinine

not possible in this study.)
0.781646L14

0.821158Max =

0.720554Min =

0.030777StDev

0.770429Mean

0.776464L11

0.767801L10

0.745514L09

0.821158L08

0.772118L07

0.814046L06

0.744576L05

0.720554L04

0.760413L03

RLAB



The Direct Method

(personal observation)

• Good features:  

– most labs now use it.

– easier and faster to perform.

– results here show generally fair agreement among. 

labs for accuracy and precision.

• Drawbacks:

– requires use of expensive and hard to get reference 

materials of possibly varying purity.

– can only be run using LC-MS/MS.



• Good features:

– avoids use of troublesome conjugated standards and 
internal standards.

– can be run on less expensive equipment such as GC.

– hydrolysis may account for more nicotine uptake by 
releasing other conjugated metabolites.

• Drawbacks:

– more labor intensive.

– slower.

– difficult to add N-oxides to analysis.

– seems out of fashion.

The Indirect Method

(personal observation)



Possible Next Steps

1. Declare current methods “adequate” based on 
these results and cease.

2. Perform another ring trial after viewing this 
study for self-corrections by each lab.

3. Create a standardized method.

4. Create a reference material for smokers’ urine 
to be used as a control.



Reference Material (RM)

• A substance whose properties are sufficiently 

established to calibrate a chemical analyzer or 

validate a measurement process.

• Production by non-affiliated organization (NIST 

or CEN) preferable to have merit for widespread 

use.

• Useful as a quality control sample for routine 

assays.

• Would involve financial investment.
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1 Introduction 
 
Cotinine, a major metabolite of nicotine, in body fluids (blood, urine, saliva) is most frequently 
used to assess the exposure to tobacco smoke by both active and passive smoking [1-3]. When 
certain limitations are taken into account, cotinine in body fluids has been useful to  
 

- Differentiate between smokers and nonsmokers with a high degree of sensitivity 
and specificity. 

- Differentiate between nonsmokers exposed and not exposed to environmental 
tobacco smoke (ETS) with a moderate degree of sensitivity and specificity. 

- Measure the extent of smoking in larger populations. 
- Measure the extent of exposure to ETS in larger populations. 

 
There is, however, controversial evidence on the suitability of measuring cotinine in body fluids 
for the determination of the absorbed dose. The main objection for using cotinine as an indicator 
of the absolute nicotine dose is the high inter-individual variability in the nicotine metabolism 
[4-7]. This problem can be circumvented by measuring the urinary excretion of nicotine and its 
major metabolites making up more that 80 % of the absorbed nicotine dose [6;8-13]. 
Salivary cotinine has been found to be strongly correlated with cotinine in blood (serum or 
plasma) or urine [14;15].[16-20] Given similar validity of cotinine in saliva compared to cotinine 
in blood or urine, the former would be preferable due to the ease and non-invasiveness of 
collecting saliva samples. 
In this paper, the properties of salivary cotinine as a biomarker for tobacco smoke exposure are 
described. In particular, its suitability as measure for the smoking-related uptake (nicotine dose) 
is discussed. 
 
 

2 Sources for nicotine intake 
 
The main source for nicotine uptake is smoking of cigarettes and other tobacco products. Also 
the use of smokeless tobacco products such nasal or oral snuff and chewing tobacco leads to the 
uptake of significant amounts of nicotine [21;22].  Similar amounts of nicotine are taken up from 
products employed in nicotine replacement therapies (NRT) such as nicotine patches, nicotine 
chewing gums, nicotine inhalers, nicotine sprays and nicotine tablets [23].   
Sources for unintentional uptake of nicotine uptake are ETS [1;24;25] and some food stuffs [26-
29]. The nicotine uptake by these sources is at least 2 – 3 orders of magnitude lower than that by 
smoking and does not confound nicotine uptake results in smokers. 
The sources of nicotine uptake as well as the estimated deliveries and daily amounts of intake or 
uptake are listed in Table 1. 
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Table 1:  Sources for nicotine exposure 

 Delivery / Exposure 
level of nicotine 

Frequency / Time of 
daily exposure 

Daily intake (I) / uptake 
(U) of nicotine 

 
Tobacco use [30] 

Cigarettes 0.1 – 1.0 mg/cigarette 10 – 20 cigarettes/d 1 – 20 mg/d (I) 
Cigars 0.5 – 5 mg/cigar 2 – 4 cigars/d 1 – 20 mg/d (I) 
Pipes 2.5 – 30 mg/pipe 2 – 4 pipes/d 5 – 120 mg/d (I) 

Nasal snuff 0.5 mg/pinch 5 – 15 pinches/d < 2.5 – 7.5 mg/d (I) 
Chewing tobacco 5 – 10 mg 5 – 10 quids/d 25 – 100 mg/d (I) 

 
Nicotine replacement therapy (NRT) [23;31] 

Chewing gum 2 / 4 mg per piece 5 – 10 pieces 10 – 40 mg/d (I) 

Patches 21 / 35 / 42 mg per 24h-
patch 1 21 – 42 mg/d (theoretical 

absorption) 
Nasal spray 0.25 mg/ ”shot” 8 - 40 2 – 10   mg/d (I) 

Inhaler 

10 mg/cartridge 
13 µg/puff (80 puffs = 1 

mg nicotine, 100 
puffs/cartridge in 20 min) 

3 – 12 cartridges 4 – 15 mg/d (I) 

Tablets/lozenges 2 mg / tablet 10 – 40 tablets 20 – 80 mg/d (U) 
 

Environmental tobacco smoke (ETS) [24] 
At home 1 – 10 µg/m3 3 h/d 3 – 30 µg/d (I) 

At workplace 1 – 5 µg/m3 8 h/d 8 – 40 µg/d (I) 
 
Food [26] 

Egg plants 100 ng/g 30 g 3 µg/d 
Tomatoes 10 ng/g  100 g 1 µg/d 

Cauliflower 5 – 15 ng/g 30 g 0.2 – 0.5 µg/d 
Potatoes (peel) 10 ng/g 150 g 1.5 µg/d 

Tea 2 – 300 ? ng/ml 150 – 500 ml 0.3 – 150 ? µg/d 
 
 
 

3 Nicotine metabolism, disposition and influence of host factors 
 
A simplified scheme of the nicotine metabolism is shown in Figure 1. About 70 – 80 % of the 
absorbed nicotine dose is converted to cotinine [6]. The reported mean urinary excretion as a 
molar percentage of total recovered nicotine and metabolites in smokers urine is shown in Table 
2 (adopted form [7]). While there is a considerable inter-individual variability in the pattern of 
the nicotine metabolism, the pattern is consistent for an individual [6] 
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Figure 1:  Major nicotine metabolites according to [6]. Numbers in parentheses indicate the 

percentage of the nicotine dose excreted in urine 
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Table 2:  Urinary excretion as a molar percentage (% ± standard deviation) of total recovered nicotine and 

metabolites in smokers urine (adopted from [7]) 
Study (number of subjects) Study 1 (11) Study 2 (12) Study 3 (91) Study 4 (12) Study 5 (5) 
Cotinine 13.2 ± 3.9 13.3 ± 3.1 9.2 ± 2.6 14.8 ± 5.9 15.2 
Nicotine 10.4 ± 3.7 10.4 ± 4.4 9.4 ± 5.7 7.9 ± 4.6 9.5 
trans-3’-Hydroxycotinine 35.2 ± 7.4 39.1 ± 12.5 36.1 ± 10.6 42.4 ± 12.8 34.1 
Cotinine-N-glucuronide 17.5 ± 6.3 15.8 ± 7.8 14.0 ± 5.4 12.1 ± 6.0 20.1 
Nicotine-N-glucuronide 2.8 ± 2.2 4.6 ± 2.9 4.5 ± 2.5 2.6 ± 2.1 3.7 
trans-3’-Hydroxycotinine-O-
glucuronide 8.5 ± 3.8 7.8 ± 5.9 22.8 ± 10.0 10.3 ± 7.6 7.4 

Nicotine N-1’-oxide 6.8 ± 2.9 3.7 ± 0.9 3.0 ± 2.1 N.D:a 6.7 
Cotinine N-1-oxide 3.9 ± 1.9 4.5 ± 1.5 0.9 ± 0.9 N.D. 2.2 
Nornicotine - 0.6 ± 0.2 - - - 
Norcotinine 1.5 ± 0.5 N.D. N.D. N.D. 1.3 
Others - - - 10.1b - 
Sum 99.8 99.8 99.9 100.2 100.2 
Study 1 (Byrd et al., 1992 [8], Study 2 (Benowitz et al., 1994 [6]), Study 3 (Anderson et al., 1997 [11], Study 4 
(Hecht et al., 1999 [12]), Study 5 (Meger et al., 2002 [13]) 
a  N.D., not determined 
b Summation of  4-hydroxy-4-(3-pyridyl)butanoic acid and 4-oxo-4-(3-pydridyl)butanoic acid. 
 
 
 
The metabolism of nicotine involves three major types of reactions [7;32]: 
 

- C-Oxidation 
- N-Oxidation 
- N- and O-Glucuronidation 

 
C-Oxidation of nicotine, which is mainly catalyzed by cytochrom P450 2A6 (CYP2A6) leads 
to the major nicotine metabolites cotinine and trans-3’-hydroxycotinine. CYP2A6 is 
polymorphic [7;33-36] [37;38]. Although there is evidence that the genotype of the CYP2A6 
enzyme has some influence on the nicotine/cotinine/ trans-3’-hydroxycotinine ratios in 
human body fluids, the CYP2A6 polymorphisms may not significantly influence smoking 
behaviour (for review see [7]). 
Other cytochrome P450 enzymes such as CYP2B6 and CYY2D6 appear to play only minor 
roles in the metabolism of nicotine [7]. 
 
Stereo-selective N-oxidation of nicotine to trans-(S)-nicotine-N-1’-oxide is catalysed by the 
NADPH-dependent falvin-containing monooxygenase form 3 (FMO3). It is not known 
whether this enzyme is also involved in the N-oxidation of cotinine to form cotinine-N-1-
oxide. Various polymorphisms of FMO3 have been described (for review see [7]). However, 
due to the relative small percentage of the N-oxides of the total nicotine metabolites in 
humans (~ 10 %, Table 2), these polymorphisms may not substantially contribute to the inter-
individual variability in the nicotine metabolism. 
 
N-Glucuronidation of nicotine and cotinine as well as O-glucuronidation of trans-3’-
hydroxycotinine is catalyzed by different uridine diphosphate-glucuronosyltransferases 
(UGT) (for review see [7]). The UGT isoforms involved in the glucuronidation have not been 
charactzerized. There is a high inter-individual variability in the extent of both N- and O- 
glucuronidation. In addition, O-glucuronidation of trans-3’-hydroxycotinine is induced by 
cigarette smoking. Since the glucuronides of nicotine, cotinine and trans-3’-hydroxycotinine 
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constitute about 30 % of the nicotine metabolites (Table 2), glucuronidation is a major source 
for the inter-individual variation in the nicotine metabolism. 
 
 

4 Sampling and analytical methods for the determination of cotinine in saliva 
 
Several procedures for the reproducible sampling of saliva are available [39]. An easy to 
perform method is using commercially available dental dams (Salivettes®), which are gently 
chewed for 2 min and then put back in the special tube. After centrifugation, a mixed saliva 
sample, free of mouth debris and mucoid substances is obtained. 
Salivary cotinine concentrations have reported to be independent of saliva flow [14;40]. 
However, this was not confirmed in another study [41]. 
 
Cotinine in body fluids has half-life of 15 – 20 h [5;42]. Half-life of cotinine was found to be 
similar in plasma (15.5 h) and saliva (16.8 h) [43]. Sampling time in relation to last nicotine 
dose (e.g. smoking a cigarette) is, therefore, usually not critical [40]. However, depending on 
the study design, the time of sampling should be standardized in order to obtain reproducible 
and comparable results.  
 
Various analytical methods have been used for the determination of cotinine in body fluids 
such as plasma, urine and saliva (for review see [1;39;44-46]), including the following: 
 

- Gas chromatography with nitrogen-selective detection (GC-NPD) [47-49] 
- Gas chromatography with mass spectrometry (GC-MS) [50-52] 
- High performance liquid chromatography with ultraviolet detection (HPLC-

UV) with and without derivatisation [53-57] 
- High performance liquid chromatography with mass spectrometry or tandem 

mass spectrometry (LC-MS of LC-MS/MS) [13;16;58-61] 
- Radioimmunoassay (RIA) [62-65] 
- Enzyme-linked immunosorbent assay (ELISA) [65-68] 
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5 Observed levels in smokers and nonsmokers 
 
A selecton of results for cotinine measurements in saliva of nonsmokers not exposed to ETS, 
nonsmokers exposed to ETS and smokers is shown in Table 3.  
Salivary cotinine concentrations in nonsmokers not exposed to ETS are usually at or below 1 
ng/ml. For nonsmokers exposed to ETS, cotinine concentrations in saliva are in the range of 1 – 
5 ng/ml. Significantly higher levels for nonsmokers may indicate miss-reporting of smoking 
(denial of smoking) [3].  
Typical salivary cotinine concentrations in cigarette smokers are in the range of 100 – 400 ng/ml. 
The salivary cotinine level in smokers is highly dependent in the number of cigarettes smoked 
and the smoking topography (puffing and inhalation pattern). These factors are discussed in the 
next section. 
 
 

6 Relation of salivary cotinine to number of cigarettes smoked and smoking 
topography 

 
The correlation of salivary cotinine concentrations in cigarette smokers with number of 
cigarettes smoked per day is shown in Table 4. In General, the correlation was found to be 
highly significant. The correlation coefficients are typically in the range of 0.35 – 0.70, 
although some studies report lower values [3]. 
 
Only few data are available on the influence of  variables for the smoking topography such as 
puffing volume, puff frequency, inhalation depth and duration as well as cigarette butt length 
on the salivary cotinine levels. Jaakkola et al. [69] reported increased salivary cotinine 
concentrations in smokers of up to 20 cigarettes/day reporting deeper inhalation or leaving 
shorter butt lengths. This was not observed in heavier smokers. Scherer et al. (unpublished) 
found a significant inverse correlation between butt length and salivary cotinine (r = -0.147, p 
< 0.05).
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Table 3:  Mean levels of salivary cotinine in nonsmokers and smokers 
Nonsmokers not exposed to ETS Nonsmokers exposed to ETS Smokers 

Study Subjects Salivary cotinine 
(ng/ml) Subjects Salivary cotinine 

(ng/ml) Subjects Salivary cotinine 
(ng/ml) 

Coultas et al. 
1987 [70] 

Adults in New Mexico 
aged 

18 – 29 years 
30 – 64 years  

 
 

1.6 
1.7 

Adults in New Mexico 
aged 

18 – 29 years 
30 – 64 years 

 
 

2.9 – 3.0 
3.4 – 6.0 

366 Adults in New 
Mexico 296 

Jarvis et al. 1987 
[71] 100 UK adult outpatients 1.7 - - 175 UK adult outpatients 330 

Jarvis et al. 1991 
[72] 89 UK young adults (16 – 

19 years) 0.45 
“A little” (150) 
“Some” (121) 
“A lot” (28) 

0.78 
1.20 
1.69 

306 UK young adults (16 
– 19 years) 130 (median) 

448 UK adult females 1.16   72 UK adult females  332  Lee 1999 [3] 
340 UK adult males 1.64   104 UK adult males  331  

McNeill et al. 
1987 [73] 

335 UK girls (11 – 16 
years) 4.6 - - 173 UK girls (11 –16 

years) 123 

Noland et al. 
1988 [74]     75 US cigarette smokers 166 

Etter et al. 2000 
[75] 

 Swiss members of the 
university with no current 

smokers around 
(Total nonsmokers = 97) 

2.4 (median) 

Swiss members of the 
university with current 

smokers around 
(Total nonsmokers = 97) 

3.5 (median) 207 Swiss members of 
the university 

113 (median) 
166 (mean) 

Istavan et al. 
1999      

Middle-aged US cigarette 
smokers 

Men (3266) 
Women (1898) 

 
 

385 
357 

Phillips et al. 
1999 [76] 

  

Housewives in various 
cities in Europ, Asia and 

Australia: 
Unexposed to ETS 

Some ETS exposure 
Living with a smoker 

 
 
 

< 0.05 (median) 
0.65 (median) 
1.28 (median) 

  

Scherer et al. 
2003 
(unpublished) 

20 German adults, being 
rarely exposed to ETS 0.61 80 German adults, being 

regularly exposed to ETS 1.17 199 German adults 262 
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Table 4:  Correlation between daily cigarette consumption and salivary cotinine 

Study Country Sex Sample size Correlation 
coefficient 

Coultas, 1993 [77] USA M + F 260 0.52 
F 2096 0.15 Istvan, 1994 [78] USA M 3538 0.21 

Pierce, 1987 [79] Australia M + F 353 0.33 
Etter, 2000 [75] Switzerland M + F 207 0.67 
Jaakkola, 2003 [69] China M + F 600 R2 = 0.09 (linear 

regression) 
Scherer, 2003 
(unpublished) Germany M + F 202 0.71 

 
 
 
 

7 Relation of salivary cotinine to nominal nicotine yields of cigarettes 
 
Coultas et al. [77] reported only little influence of the FTC tar (r = 0.15, p = 0.03), nicotine (r = 
0.12, not significant) and carbon monoxide (r = 0.06, not significant) on the salivary cotinine 
concentrations.  
Etter et al. [75] found no significant predicting value of the cigarette nicotine yields for salivary 
cotinine. 
Jaakkola et al. [69] observed significantly higher salivary cotinine levels in Chinese smokers of 
regular cigarettes compared to smokers of light cigarettes when the daily cigarette consumption 
did not exceed 20 cigarettes. 
 
In a large study with more than 2000 cigarette smokers from the UK, Jarvis et al. [80] observed 
almost no correlation (r = 0.19) between salivary cotinine and the cigarette nicotine yield (Figure 
2). The authors conclude that tar and nicotine yields of cigarettes provide a simplistic guide to 
smokers’ exposure that is misleading to consumers and regulators alike and should be abandoned.  
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Figure 2:   Scatterplot relating cigarette nicotine yields and saliva cotinine concentrations in 

2031 smokers (r = 0.19) 
 
 
Scherer et al. (unpublished) investigated the relationship between salivary cotinine and cigarette 
nicotine yield in 145 smokers. A significant correlation (r = 0.310, p < 0.001) was found between 
the two variables (Figure 3). 
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Figure 3:   Scatterplot relating cigarette nicotine yields and saliva cotinine concentrations in 145 

smokers (r = 0.310, p < 0.001) 
 
 
 
 

8 Relation of salivary cotinine to absolute nicotine dose 
 
As outlined in the Introduction, a major question is, whether salivary cotinine is a suitable 
indicator of the absolute nicotine dose. The evidence of the observed inter-individual variability 
in the nicotine metabolism clearly points against using salivary cotinine as an indicator for the 
(absolute) nicotine dose in individuals. However, in large groups of subjects, the nicotine dose 
can be estimated from salivary cotinine concentrations by making use of a conversion factor [1]. 
Based on a conversion factor of 0.08 reported by Benowitz [1] for calculating the nicotine dose 
from plasma cotinine concentrations (nicotine dose (mg/24h) = 0.08 x cotinine in plasma 
(ng/ml)), Jarvis et al. [80] used the following equation for calculating the nicotine dose from 
salivary cotinine concentrations: 
 

Nicotine dose (mg/24h) = 0.067 x cotinine in saliva (ng/ml) 
 

The conversion factor of 0.067 takes into consideration that saliva cotinine concentrations are 
some 20 % higher than plasma cotinine levels [16]. 
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Curvall et al. [18] measured cotinine in both plasma and saliva after intravenous infusions of 
nicotine. They stated that single measurements of either plasma or salivary cotinine 
concentrations at 1 to 4 hours after the exposure could be used to predict the nicotine intake 
during 1 to 4 hours. The relationship between saliva and plasma steady-state cotinine 
concentrations was linear with the equation for linear regression: 
 

Cotinine in saliva (ng/ml) = 1.27 x cotinine in plasma (ng/ml) + 0.24 
 

The authors concluded that salivary cotinine is a good biochemical marker for nicotine and 
provides the same information on nicotine intake as does plasma cotinine [18]. 
 
In a study with some 600 subjects, Jarvis et al. [15] found  that saliva cotinine concentrations 
were, on average, 25 % higher than cotinine plasma concentrations. The ratio (saliva/plasma) was 
reported to be similar in passive and in active smokers. Furthermore, the ratio was somewhat 
lower in younger than older people and varied by the body mass index, but did not differ by 
gender. The authors concluded that prediction of plasma cotinine concentrations from a given 
saliva cotinine level (and vice versa) is possible on a group basis but not on an individual basis 
[15]. 
 
Byrd et al. [10] found a strong correlation between salivary cotinine and the sum of urinary 
nicotine metabolites (representing about 90 % of the absorbed nicotine dose). The relationship is 
shown in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3:   Scatterplot between nicotine absorption (mg/24h) as determined by urinary nicotine 

metabolites and salivary cotinine (ng/ml). The linear regression equation is: y = 16.4x 
+ 64.9; r = 0.78 [10] 

 
The authors conclude that the correlation (r = 0.78) between nicotine absorption (mg/24 h) and 
saliva cotinine (ng/ml) in our study suggests that saliva cotinine can provide an estimate of 
nicotine absorption in smokers; however, the inter-individual variability which showed a three-
fold range in conversion factor suggests that the use of saliva cotinine as a quantitative biomarker 
is limited [10]. 
 
In a study by Scherer et al. (unpublished), the same relationship was investigated (Figure 4). The 
results based on 199 smokers are very similar to those reported by Byrd et al. [10]. 
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Figure 3:   Scatterplot between nicotine absorption (mg/24h) as determined by urinary nicotine 

metabolites and salivary cotinine (ng/ml). The linear regression equation is: y = 15.7x 
+ 93.7; r = 0.74 (Scherer et al., unpublished) 
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9 Summary and conclusions 
 
The data presented in this review lead to the following conclusions: 
 

- Use of tobacco products, particularly cigarette smoking is the major source of 
nicotine exposure. However, when studying the cigarette smoking-related uptake 
of nicotine, other sources, in particular products used in nicotine replacement 
therapies, have to be taken into consideration. 

 
- Nicotine is metabolized by humans by a number of pathways. C-Oxidation of 

nicotine to form cotinine is a major pathway in the nicotine metabolism. 
Polymorphisms in a number of enzymes involved in the nicotine metabolism are 
known or suggested. This contributes to the observed inter-individual variability 
in nicotine metabolism. 

 
- For a number of reasons, cotinine in saliva is frequently used as a biomarker for 

tobacco smoke exposure (active and passive smoking) as well as to quantitate the 
absorbed nicotine dose. These reasons include: Non-invasiveness and ease of 
saliva sampling, relative independence of sampling in relation to last smoking, 
specificity and robustness of available analytical methods for the determination 
salivary cotinine.  

 
- Salivary cotinine concentrations are by 20 – 30 % higher than cotinine 

concentrations in plasma. Many studies have shown that cotinine in saliva has 
the same prediction power as plasma cotinine. 

 
- Cigarette smokers have about 100 – 200 times higher cotinine levels in saliva 

than nonsmokers. Nonsmokers exposed to ETS can by differentiated from 
nonsmokers not exposed to ETS. 

 
- There is a good correlation between salivary cotinine and number of cigarettes 

smoked per day.  
 

- Salivary cotinine shows only a weak to moderate association with the nominal 
nicotine yield of cigarettes as determined according to ISO, CORESTA or FTC 
standard methods. 

 
- Salivary cotinine strongly correlated with the absolute nicotine dose as 

determined by the sum of the major urinary nicotine metabolites. 
 

- It is concluded that salivary cotinine is a suitable biomarker for the determination 
of the smoke exposure and the nicotine dose, provided that a sufficient number of 
individuals is investigated in order to compensate for the inter-individual 
variation in the nicotine metabolism. 
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