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ABSTRACT 

Nicotine and cotinine in hair are good biomarkers 
for assessing long-term exposure to smoking. 
However, analytical devices such as GC/MS are 
associated with high cost and are not widely 
used. HPLC/UV is used widely in laboratories, 
but is unsuitable for measurement of minor con- 
stituents, except when using the column-switch- 
ing method. Thus, we aimed to establish a sim- 
ple, inexpensive and sensitive method based on 
HPLC/UV with column switching for measuring 
nicotine and cotinine in hair. First, we compared 
the presence and absence of a column selection 
unit. We then measured amounts of nicotine and 
cotinine in hair samples collected from the gen- 
eral population, and compared both the corre- 
sponding levels and the detection limits with 
those in previous studies. Finally, initial and run- 
ning costs of HPLC/UV were compared with 
other analytical methods. As one of the results, 
the areas of nicotine and cotinine measured by 
HPLC/UV with column-switching method were 
12.9 and 16.9 times greater, respectively, than 
those without the column-switching method. 
The amount of nicotine and cotinine in hair was 
significantly correlated to number of cigarettes 
smoked per day (r = 0.228, p = 0.040). In addition, 
the HPLC/UV method showed similar sensitivity 
and detection limit (nicotine, 0.10 ng/mg; coti- 
nine, 0.08 ng/mg) as reported in previous stud- 
ies. The cost of the HPLC/UV method is lower 

than that of other analytical methods. We were 
able to establish a low-cost method with good 
sensitivity for measuring nicotine and cotinine 
in hair. The HPLC/UV with a column-switching 
method will be useful as a first step in screening 
surveys in order to better understand the effects 
of smoking exposure. 
 
Keywords: HPLC/UV; Column-Switching Method; 
Nicotine; Hair; Cotinine 

1. INTRODUCTION 

The risks of smoking are widely recognized and taking 
action against smoking continues to be a priority issue 
for public health. Death by cancer or ischemic heart dis- 
ease is reported to be a major risk of smoking [1,2]. Thus, 
environmental countermeasures need to be taken for both 
smokers and non-smokers. 

Biological monitoring is important as a means to 
evaluate exposure to smoking. In previous studies, levels 
nicotine and its metabolite, cotinine, were measured in 
the urine or saliva of smokers [3-5]. However, the levels 
of nicotine or cotinine in these samples may reflect acute 
exposure to smoking, but not the amount of habitual 
smoking. Because human hair grows about 1 cm/month, 
it is useful in biological monitoring in the medium or 
long term [6,7]. In addition, the amount of nicotine and 
its metabolites in the hair reportedly decreases slowly; a 
decrease of less than 10% was observed after being left 
to stand for one week at room temperature [6]. 

In previous studies, measurement of nicotine or co- 
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tinine in hair has been performed by gas chromatography 
with mass spectrophotometry (GC/MS) [8,9], but this 
method has high initial and running costs. More recently, 
high-performance liquid chromatography with electro- 
chemical detection (HPLC/ECD) has been used for the 
determination of nicotine and cotinine because of its high 
sensitivity. The initial and running costs of HPLC are 
lower than those of GC. However, ECD detectors are not 
commonly present in laboratories, while UV detectors 
are much more common. Unfortunately, UV detectors are 
unsuitable for measurement of small amounts of com- 
pounds in hair due to poor sensitivity. It has been re- 
ported that UV detectors can be installed on column- 
selection units [10,11], but there have been no reports on 
the measurement of nicotine in hair using this approach. 
The column-switching method is able to concentrate 
samples for analyses; thus, the column-switching method 
may be used as a method for increasing the sensitivity of 
HPLC/UV. 

This study aims to establish a simple, cheap and sensi- 
tive method based on HPLC/UV with column-switching 
in order to measuring nicotine and cotinine in hair. First, 
we compared the presence and absence of a column se- 
lection unit, and we examined the intra- and inter-assay 
reproducibility of HPLC/UV with column-switching. We 
then measured the amounts of nicotine and cotinine in 
hair samples collected from the general population, and 
compared the quality controls with previous studies. Fi- 
nally, the initial and running costs of HPLC/UV were 
compared with other analytical methods. 

2. METHODS 

2.1. Usefulness of HPLC/UV with 
Column-Switching Method 

2.1.1. Sensitivity of HPLC/UV with 
Column-Switching Method 

This study examined the sensitivity of the column- 
switching method in a preliminary experiment using ni- 
cotine and cotinine standard solutions (both 1000 ng/ml; 
Sigma-Aldrich, Tokyo, Japan). Chromatograms of nico- 
tine and cotinine were compared by area. An internal 
standard of 100 ng/ml N-ethyl norcotinine (NENC) in 
methanol was used. Some differences between the pre- 
liminary experiment and the present study were found 
with respect to analytical column, flow rate, injection 
volume, and introduction of column-switching. Inertsil 
ODS-3V (GL Sciences, Tokyo, Japan) was used as an 
analytical column, with a 1.0 ml/min flow rate and a 50 
μl injection volume in the preliminary experiment. The 
present study also introduced a column selection unit 
HV-2080-01 (JASCO, Tokyo, Japan), as a column- 
switching method, for greater sensitivity than in the pre- 
liminary experiment. The analytical column used was the 

Ascentis Express C18 Column (100 mm × 3.0 mm × 2.7 
μm; Sigma-Aldrich) with the PU-2089 pump (JASCO). 
The mobile phase in the analytical column consisted of 
ammonium formate (50 mM, pH 4.3): acetonitrile = 96:4 
at a flow rate of 0.4 ml/min. The concentrating column 
used the Develosil ODS-UG-5 Column (10 mm × 4.0 
mm i.d.; Nomura Chemical, Aichi, Japan) and the DP- 
model 203 pump (Eicom, Kyoto, Japan). The mobile 
phase of the concentrated column consisted of ammo- 
nium formate (50 mM, pH 9.0) with a flow rate of 0.5 
ml/min. The injection volume was 200 μl. Other condi-
tions were the same for both the preliminary experiment 
and the present study. We used the HPLC LC-2000 Plus 
Series, the AS-2055 auto sampler, the UV-2075 detector 
set at 260 nm, the ChromNAV data disposal device (all 
from JASCO), and the Waters-CHM column oven (Ni- 
hon Waters, Tokyo, Japan) with a column oven tempera- 
ture at 40˚C. 

2.1.2. Intra- and Inter-Assay Reproducibility of 
HPLC/UV with Column-Switching Method 

The HPLC/UV with column-switching method was 
examined for intra-assay and inter-assay reproducibility. 
With regard to pre-treatment for hair, similarly to previ- 
ous studies on hair analysis [12,13], hair samples were 
placed in test tubes and washed three times using 3 ml of 
dichloromethane. After the hair sample was dried, it was 
weighed, and the following treatment for about 40 mg of 
hair was used. Samples were mixed with 1.6 ml of 
NaOH (2.5 M) and 60 μl of NENC (1000 ng/ml; Cosmo 
Bio, Tokyo, Japan) as an internal standard, followed by 
incubation at 40˚C until the hair was completely dis- 
solved. Next, 4 ml of solvent mixture (chloroform: iso- 
propyl alcohol = 95:5 (v/v)) was added and the mixture 
was vortexed for 2 min. The mixture was then centri- 
fuged for 5 min at 2000 rpm, and the supernatant was 
aspirated under a fume hood. Next, 2 ml of HCl (0.5 M) 
was added, followed by vortexing for 2 minutes. The 
mixture was centrifuged for 5 min at 2000 rpm, and the 
supernatant was transferred to another test tube. NaOH 
(0.4 ml; 2.5 M) was then added to the test tube. In addi- 
tion, 1.6 ml of ammonium chloride (pH 9.5) and 4 ml of 
solvent mixture (chloroform: isopropyl alcohol = 95:5 
(v/v)) also was added to the test tube, followed by vor- 
texing for 2 minutes. The mixture was centrifuged for 5 
min at 2000 rpm, and the supernatant was discarded and 
dried under a nitrogen stream. The extract was dissolved 
with 600 μl of ammonium formate (0.5 M), centrifuged 
for 1 min at 2000 rpm, and filtered with a 0.45 μm filter. 
Solvent (200 μl) was then injected into the HPLC system 
and analyzed. This study was performed under the 
HPLC/UV conditions described previously. For intra- 
assay assessment, measurements were performed every 
hour for 5 hours, and for inter-assay assessment, mea- 
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surement was performed once daily for 5 days. cutting scissors, the hair sample was cut at the red line on 
the paper. Hair used for measurement was that from the 
cut point to a length of 5 cm. Each hair sample and at- 
tached paper was then placed in a plastic bag and stored 
at −80˚C in a freezer. This study was performed under 
the pre-treatment and HPLC/UV method conditions de- 
scribed previously. 

2.2. Screening of Nicotine and Cotinine in 
Hair 

2.2.1. Subjects and Time Period 
Two thousand subjects were selected in a two-stage 

stratified random sampling chosen from the “Basic Resi- 
dent Registries” of municipalities all over Japan. We 
performed both a questionnaire survey and hair-cutting 
by home visits. Questionnaires remained anonymous in 
order to protect private information, and informed con- 
sent was obtained from each subject. Questionnaires 
about smoking behavior were completed during home 
visit interviews. 

2.2.3. Screening Survey 
Smoking information was assessed from question- 

naires associated with 287 samples. Participants were 
categorized into 2 groups; non-smokers and smokers. 
The mean values of nicotine and cotinine in the hair in 
each group was calculated. To examine the usefulness of 
the HPLC/UV method, present methods and results were 
compared with major studies. In addition, the correlation 
of sum total nicotine and cotinine in hair and number of 
cigarettes smoked per day were checked for the smoker 
group. This statistical analysis was conducted using 
SPSS statistics 17.0 (Nihon IBM, Tokyo, Japan). All pro- 
bability values were two-tailed and all confidence inter- 
vals were estimated at the 95% levels. 

2.2.2. Hair Sample Collection, Preservation and 
Measurement Method 

Nicotine and cotinine were measured in hair samples 
collected from 294 people in 2009 and 2010. Subjects 
were 294 people assessed for smoking status by ques- 
tionnaire. Two hundred and eighty-seven samples were 
used for analysis due to a lack of complete data in 7 
samples. We developed a hair-cutting kit and explanatory 
leaflet for the hair extraction method, with the aim of 
safely colleting hair samples with affecting subject es- 
thetics (Figure 1). The kit included a plastic bag and a 
rectangular sheet of construction paper (15 cm × 5 cm), 
with a red line at the 1 cm from the bottom and pres- 
sure-sensitive adhesive double-coated tape above the red 
line. To obtain a hair sample, the top edge of the paper 
was first applied to the skin of the head, tape-side down. 
Hair was then affixed to the tape, and then, with hair- 

2.3. Comparison of Apparatus Costs 

Initial and running costs were compared for each ana- 
lytical apparatus and we evaluated the usefulness of 
HPLC/UV. For market rate costs, we referred to a report 
by Benowitz [14] and analytical apparatus catalogs. We 
categorized initial costs under US$50,000 as “Low”, 
US$50,000 - $100,000 as “Moderate”, US$100,000 - 
$200,000 as “High”, and over US$200,000 as “Ex- 
tremely high”, with US$1 = 100 yen. Meanwhile, run-  

 
1. Peel off liner of pressure-          2. Hold down section of               3. Apply the edge of the 
sensitive adhesive double-           hair by hand                        paper tape-side down to the 
coated tape on the paper                                               scalp 

 
 

4. Press tape-side firmly onto        5. Hold up the paper and with hair-     6. Place the hair sample and 
the hair                          cutting scissors, and cut along the      attached paper into the 
                                red line                           plastic bag 

 
Note: Repeat procedure a second time. 

Figure 1. Hair sampling method. 
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ning costs were divided into 3 categories; “Low” (under 
US$3000/year), “Moderate” (US$3000 - $5000/year), 
and “High” (over US$5000/year), with US$1 = 100 yen. 

3. RESULTS 

3.1. Usefulness and Accuracy of HPLC/UV 
with Column-Switching Method 

For measurement of nicotine and cotinine in hair sam- 
ples, we used the HPLC/UV with column-switching 

method. The HPLC/UV with column-switching method 
was shown have better sensitivity when compared with 
preliminary experiments (Figure 2). Nicotine and co- 
tinine levels measured by the column-switching method 
were 12.9 times and 16.9 times greater, respectively, then 
that of the preliminary experiment. The area of the 
NENC peak measured by the column-switching method 
was shown to be 12.2 times that of the preliminary ex- 
periment. In addition, measurement time was shortened 
to around 8 min by the HPLC/UV without column- 

 

 
(a) 

 
(b) 

Figure 2. Chromatograms of standard nicotine and cotinine solutions. (a) Results of pre- 
liminary experimet; (b) Results using column-switching method. Note: (b) shows results 
from the measurement method in the preliminary experiment added to those from the 
column-switching method; IS: internal standard. 
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switching method. 

Intra- and inter-assay reproducibility was stable (Table 
1). Results for intra-assay assessment were 92.2 ± 2.7 
ng/mg for nicotine and 10.3 ± 0.2 ng/mg for cotinine 
(Table 1(a)). Results for inter-assay assessment were 
87.0 ± 2.8 ng/mg for nicotine and 10.4 ± 0.3 ng/mg for 
cotinine (Table 1(b)). 

3.2. Screening Nicotine and Cotinine in Hair 
by HPLC/UV with Column-Switching 
Method 

Among 287 hair sample providers, 205 were non- 
smokers and 82 were smokers. The sum total nicotine 
and cotinine in hair and the number of cigarettes smoked 
per day were significantly correlated in smokers (Figure 
3; r = 0.228, p = 0.040). 

The HPLC/UV method used in our study showed a 
similar sensitivity and detection limit as previous studies 
for both nicotine and cotinine (Table 2). In our 2 groups, 
the mean level of nicotine and cotinine in hair samples 
was 1.60 ng/mg and 0.20 ng/mg among non-smokers, 
23.30 ng/mg and 1.70 ng/mg among smokers, respec- 
tively. Non-smokers in previous studies showed a range 
of 0.58 - 2.50 ng/mg nicotine and ND-0.30 ng/mg coti- 
nine in hair samples. Meanwhile, smokers in previous 
studies showed a range of 6.17 - 42.40 ng/mg nicotine 
and 0.33 - 6.30 ng/mg cotinine in hair samples. 

Using an S (signal)/N (noise) ratio of 3:1, the detec- 
tion limit for nicotine was about 0.10 ng/mg and that for 
cotinine was about 0.08 ng/mg in hair samples using our 
method. The ranges for nicotine data obtained by other 
analytical methods were 0.05 - 0.50 ng/mg. Our results 
were within these ranges. 

3.3. Cost Comparison by Analytical Method 

The HPLC/UV method has a relatively low cost when 
compared to other analytical methods (Table 3). The 
HPLC/UV method was categorized as “Low” for both 
initial and running costs. The initial and running costs for 

HPLC/UV used in the present study were about US 
$25,000 and about US$2500/year, respectively. The GC/ 
MS method, used as a major analytical method, has both 
“High” initial and running costs. 

4. DISCUSSION 

In the present study, we established a new method 
using HPLC/UV with column-switching method that has 
lower costs with similar sensitivity as other analytical 
methods in order to determine nicotine and cotinine 
levels in hair samples. Our results suggest that our meth- 
od allows high sensitivity with good reproducibility to 
study the effects of long-term exposure to smoking. 

This study examined HPLC/UV with column-switch- 
ing method for higher sensitivity measurement of nico- 
tine and cotinine in hair. In the column-switching method, 
a large amount of sample solution is added to the con- 
centration column, and trace components are first trap- 
ped. The flow path is then reversed, followed by proc- 
essing with an appropriate amount of liquid solvent and 
measurement using an analytical column. 

Therefore, we were able to concentrate the samples 
and reduce analysis time. Using the column-switching 
method, it was possible to measure larger amounts and to 
increase nicotine and cotinine sensitivity detection by 10 
fold vs. that in the preliminary experiment. In addition, 
we investigated the utility of the column-switching me- 
thod based on intra- and inter-assay reproducibility. It 
was not difficult to obtain 200 μl of extraction liquid 
from samples, and we confirmed effective extraction 
with high sensitivity. This study showed higher sensitiv- 
ity than previous reports measuring nicotine and cotinine 
in hair samples, where HPLC/UV was used and showed 
a detection sensitivity of 0.20 ng/mg hair for nicotine and 
about 0.10 ng/mg hair for cotinine [26]. Thus, the results 
demonstrate the utility of the column-switching method. 

There was a significant correlation between the num- 
ber of cigarettes smoked per day and the total amount of 
nicotine and cotinine in hair samples. In order to avoid 

 
Table 1. Intra- and inter-assay reproducibility of hplc/uv with column-switching method. (a) Intra-assay; (b) Inter-assay. 

(a) 

 1 h 2 h 3 h 4 h 5 h Mean ± SD 

Nicotine (ng/mg) 92.0 92.9 96.5 97.6 92.0 92.2 ± 2.7 

Cotinine (ng/mg) 10.0 10.4 10.4 10.5 10.1 10.3 ± 0.2 

(b) 

 1 day 2 days 3 days 4 days 5 days Mean ± SD 

Nicotine (ng/mg) 90.6 89.1 85.7 85.9 83.6 87.0 ± 2.8 

Cotinine (ng/mg) 10.5 10.8 10.5 10.2 9.9 10.4 ± 0.3 

Notes: h, hour(s); SD, standard deviation. 
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Table 2. Summary of present study and previous studies. 

Study Year Country 
Analytical 

method 
Corresponding levels 

(ng/mg hair) 
Corresponding levels 

(ng/mg hair) 
Limit of detection 

(ng/mg hair) 

    nicotine cotinine 

    non-smokers smokers non-smokers smokers 
nicotine cotinine

Present study 2010 Japan HPLC/UV
1.60* 

(n = 205) 
23.30* 

(n = 89) 
0.20* 1.70* 0.10 0.08 

Zahlsen et al. [15] 1994 Norway GC/MS 
0.87* 

(n = 7) 
42.40* 

(n = 13) 
  0.05  

Eliopoulus et al. [16] 1994 Canada RIA 
1.20* 

(n = 35) 
19.20* 

(n = 36) 
0.30* 6.30* 0.25 0.10 

Eliopoulus et al. [17] 1996 Canada RIA  
19.91* 

(n = 36) 
 1.72* 0.50 0.25 

Nafstad et al. [18] 1997 Norway GC/MS 
2.00** 

(n = 24) 
19.60** 
(n = 69) 

  0.05  

Al-Delaimy et al. [19] 2002 
New 

Zealand 
HPLC/ECD

0.58* 
(n = 101) 

5.62* 
(n = 127) 

  0.10  

Chetiyanukornkul  
et al. [20] 

2004 Japan LC/MS 
2.50* 

(n = 9) 
39.00* 

(n = 10) 
ND* 1.90* 0.08 0.01 

Klein et al. [7] 2004 Canada RIA  
10.07 - 15.59#

(n = 28) 
 0.76 - 0.98# 0.05 0.02 

Marchei et al. [21] 2005 Italy LC/MS  
1.06 - 33.02#

(n = 11) 
  0.24  

Ryu et al. [22] 2006 Korea LC/MS/MS     0.16  

Sorensen et al. [23] 2007 Denmark GC/MS 
1.19* 

(n = 301) 
21.06* 

(n = 27) 
0.06* 0.33* 0.10 0.05 

Okoli et al. [24] 2007 Columbia HPLC/ECD
1.32* 

(n = 129) 
6.17* 

(n = 78) 
  0.05  

Man et al. [25] 2009 Malaysia GC/MS 
1.02* 

(n = 16) 
26.25* 

(n = 17) 
  0.04  

Notes: ND, no detection; HPLC/UV, high performance liquid chromatography with ultra violet; GC/MS, gas chromatography with mass spectrophotometry; 
RIA, radioimmunoassay; HPLC/ECD, high performance liquid chromatography with electro chemical detection; LC/MS, high performance liquid chro- 
matography with mass spectrophotometry; LC/MS/MS, high performance liquid chromatography with tandem mass spectrophotometry. *: Mean, **: Median; #: 
Range. 

 
Table 3. Cost comparison by analytical method. 

Analytical method Initial cost Running cost 

HPLC/UV Low Low  

HPLC/ECD Moderate Low 

LC/MS High Moderate 

GC/MS High High  

RIA High Moderate 

LC/MS/MS Extremely high Moderate 

GC/MS/MS Extremely high High 

Notes: HPLC/UV, high-performance liquid chromatography with ultraviolet; 
HPLC/ECD, high performance liquid chromatography with electrochemical 
detection; LC/MS, high performance liquid chromatography with mass 
spectrophotometry; GC/MS, gas chromatography with mass spectrophoto- 
metry; RIA, radioimmunoassay; LC/MS/MS, high performance liquid chro- 
matography with tandem mass spectrophotometry; GC/MS/MS, high perfor- 
mance gas chromatography with tandem mass spectrophotometry. Cost cate- 
gories: US$1 = 100 yen; Initial costs: Low = under US$50,000, Moderate = 
US$50,000 ~ US$100,000, High = US$100,000 ~ US$200,000, Extremely 
high = over US$200,000; Running costs: Low = under US$3000/year, 
Moderate = US$3000 ~ US$5000/year, High = over US$5000/year. 

 

Figure 3. Correlation between concentrations of nicotine + 
cotinine in hair and number of cigarettes smoked per day; r = 
0.228, p = 0.040. 
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metabolic differences from nicotine to cotinine among 
individuals, we analyzed the total amounts of nicotine 
and cotinine. The total of nicotine and cotinine in hair 
may use as a predictive bio-marker of the number of ci- 
garettes smoked per day. 

In this study, mean concentrations of nicotine in hair 
samples were 1.60 ng/mg for non-smokers and 23.30 
ng/mg for smokers. Concentrations of cotinine in hair 
samples were 0.20 ng/mg for non-smokers and 1.70 
ng/mg for smokers. The detection limit was 0.10 ng/mg 
nicotine and 0.08 ng/mg cotinine in hair samples. When 
compared with previous studies, our method was within 
the same range of accuracy as other measurement meth- 
ods for nicotine and cotinine in hair. Therefore, the 
HPLC/UV with column-switching method appears to 
have similar sensitivity as the GC/MS and HPLC/ECD 
methods. The MS method is known to be highly sensi- 
tive in identifying materials by mass, but the HPLC/UV 
method has been shown to be just as sensitive. We be- 
lieve that the columns and detection devices in the 
HPLC/UV method have been thoroughly tested [26-28], 
and by introducing the simple improvement of the col- 
umn-switching method to the HPLC/UV method, it is 
possible to markedly increase sensitivity. 

This study found that both the initial and running costs 
of the present method are “Low”, suggesting that ex- 
periments can be performed with this method for less 
than US$53,000 per year. The GC/MS method, a major 
analytical method used for nicotine and cotinine mea- 
surement, was shown to cost over US$105,000 per year. 
Measurement with HPLC/UV method is therefore able to 
reduce cost by half when compared with the GC/MS 
method. In addition, because HPLC and UV detectors are 
already used widely [10,11], it is possible to reduce the 
initial costs. It is also possible to introduce a column- 
selection unit at the low cost of about US$3000, re- 
ducing the total cost of this study to around US$27,500. 
The present HPLC/UV with column-switching method 
had a sensitivity similar to that of the GC/MS method, as 
well as a low cost. Based on its accuracy and cost, we 
believe that measurement of nicotine and cotinine in hair 
samples using this HPLC/UV method would be useful in 
initial screening, such as in health check-ups. The HPLC/ 
UV with column-switching method is able to perform 
such screening at low cost and with the same accuracy as 
other analytical methods, thereby facilitating the study of 
the effects of smoking exposure. 

This study had several limitations. Because smokers of 
self-reported their cigarette intake, results may have been 
underestimated. However, because the questionnaire used 
in this study was answered during home visiting inter- 
views, we assume the subjects answered honestly. In the 
future, a comparison between the HPLC/UV with column- 
switching method and other analytical methods will be 

necessary using the same samples. 

5. CONCLUSION 

In this study, we established a simple HPLC/UV with 
column-switching method for the determination of nico- 
tine and cotinine in hair samples. Using this method, the 
nicotine and cotinine in hair were found to accurately 
reflect exposure to smoking. The HPLC/UV with col- 
umn-switching method is able to detect nicotine and co- 
tinine in hair with an equivalent sensitivity as GC/MS or 
HPLC/ECD, but at about the half cost of the GC/MS 
method. Therefore, the HPLC/UV with column-switch- 
ing method could be more widely applied, particularly 
for use in screening surveys, in order to better understand 
the effects of smoking exposure. 
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