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Abstract
To measure nicotine personal exposure in our daily life, we have developed a determination method of personal 

exposure to nicotine. The method consisted of passive sampling of nicotine, simple solvent extraction and high 
performance liquid chromatography (HPLC) determination. The passive sampler was badge type and collection 
media was sodium bisulfate impregnated quartz fiber filter. The collected nicotine as nicotine bisulfate was extracted 
with pure water simply. Nicotine bisulfate was separated by HPLC, and detected with spectrophotometry. Three 
kinds of HPLC separation column were tested, and the best separation was attained with a cation exchange column, 
Zorbax 300-SCX. We have also evaluated the kinds of filter used, stability of nicotine bisulfate. Nicotine bisulfate on 
the filter was not evaporated or degraded in the outdoor air. The amount of collected nicotine was converted to air 
concentration by the equation that was made from simultaneous active- and passive- sampling experiments. Then it 
was suggested that nicotine determination method developed in this study was useful for estimate nicotine personal 
exposure accurately.
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Introduction
Passive smoking is one of the major public health problems in 

the world. Lung cancer is the cancer of the first place of cause-of-
death ranking in Japan [1]. International agency for research on 
cancer classified not only tobacco smoking but also involuntary 
smoking into human carcinogen (Table 1) [2]. By Health Promotion 
Act in Japan, it was restricted to smoke tobacco at a public place in 
Japan. A similar law was made by developed countries. Exposure to 
ETS for non-smoker was important problems in the world [3].

To estimate health effect of ETS, it is necessary to measure 
personal exposure to environmental tobacco smoke (ETS) 
quantitatively. Nicotine is a well-known marker of ETS as well as 
particulate matter [4,5]. The standard method for determining vapor 
phase nicotine was published by international standard organization 
(ISO 18145) [6]. In this method, nicotine was collected actively by 
XAD-4 beads packed in the tube, extracted with ethyl acetate and 
analyzed by GC/NPD. Since this method used sampling pump, 
it was difficult to be used for personal exposure measurement. It 
was also reported that nicotine was evaporated or degraded during 
sampling when the sampling time was longer. Saito et al. reported 
that nicotine collection amount decrease during sampling when 
adsorbent such as XAD-4 was used for collection, and they used 
alkaline coating XAD-4 to prevent decreasing of nicotine during 
sampling [7].

Passive sampler is small, light, noiseless and cheap, then it is suitable 
for analyze personal exposure for air pollutants [8]. It was reported 
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that sodium bisulfate impregnated filter was useful for collecting 
nicotine [9]. Recently, MoNIC passive sampler was developed by 
Huynh et al., for determining personal exposure to nicotine [10,11]. 
In this method, nicotine was collected as sulfate in the sampler. Then 
the sample was neutralized by alkaline solution, and nicotine in the 
sample was extracted by organic solvent and determined by GC/MS.

Nicotine was determined with reverse phase HPLC in several 
papers [12-14]. Ion pair HPLC was also used [15]. Then we found 
that nicotine salts could be determined with HPLC/spectrometry.

We have developed an analytical method including extraction 
of nicotine sulfate by distilled water and analysis of the aqueous 
solutions by HPLC. Since we determined nicotine sulfate directly 
by HPLC / spectrophotometry in this system, the operations were 
simple.

Materials and Methods
Reagents

Reagent grade nicotine was purchased from Wako Pure 
Chemical Industries Ltd., Osaka. HPLC grade methanol, reagent 
grade sodium bisulfate, ammonium formate, quinoline and 
trimethylamine were also bought from Wako. Distilled water for 
0.5% ammonium formate solution was purified with Milli Q Direct 
Q-UV (Merck KGaA, Darmstadt, Germany).

\ Recovery ± SD
Quartz fiber filter (QR-100) 94% ± 11%

Glass fiber filter (GA55) 49% ± 27%
Glass fiber filter (GB100) 25% ± 15%

SD: Standard Deviation
Table 1: Recoveries of nicotine from different filters.
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The passive sampler

The passive sampler consisted of sodium bisulfate impregnated 
filter and filter holder. The size of the filter was 25 or 47 mmΦ. We have 
tested 3 types of collection filter; glass fiber filter GB-100R, GA-55, 
and quartz fiber filter QR-100 (Toyo Roshi Kaisha, Ltd., Tokyo). These 
collection filters was dipped in sodium bisulfate aqueous solution, dried 
and set in the filter holder. The filter holder was for asbestos (080140-
076, Shibata Sci. Technol., Tokyo). Each sampler was put into the 
aluminum/polyethylene bag and sealed.

Extraction and HPLC determination 
Nicotine was collected as nicotine sulfate. After sampling, the filter 

was put into 10mL of the test tube. Purified water treated with Direct-Q 
(Merck KGaA, Darmstadt, Germany) was added to it. The sample was 
ultrasonicated for 10 minutes, and centrifuged at 3000 rpm for 10 
minutes. The supernatant was taken to vial for autosampler of HPLC.

HPLC apparatus was Infinity 1260 (Agilent, Tokyo) with a diode 
array detector (DAD). The wavelength for quantification of nicotine 
bisulfate was 254 nm.

Three kinds of HPLC column was tried; standard ODS column, 
Hilic column and ion exchange column. Standard ODS column was 
Poroshell 120 EC-C18 2.7 µm (4.6 mmΦ, 50 mm in length, Agilent, 
Tokyo), Hilic column was Poroshell 120 HILIC (2.1 mmΦ, 100 mm in 
length, Agilent, Tokyo), and ion exchange column was ZORBAX 300-
SCX (2.1 mmΦ, 150 mm in length, Agilent, Tokyo). Mobile phases of 
the HPLC were methanol and 0.5% ammonium formate: 80% methanol 
for 2 min at the beginning, and 80% methanol to 70% methanol in 2.6 
minutes. There was no nicotine blank in the system.

Quality assurance/quality control

The method detection limit was defined as 3 times of the standard 
deviation of the nicotine amount when we analyzed the dilute standard 
solution repeatedly. Field blank samples were taken at least 10% of the 
sample number. Reproducibility of the nicotine analysis was performed 
using 6 samplers. These samplers were simultaneously exposed to the 
air in outdoor smoking area for one hour, and analyzed as above.

Stability test of nicotine bisulfate during sampling

To estimate stability of nicotine during sampling, the sampler was 
exposed to clean outdoor air after nicotine sampling. The outdoor 
concentration was below detection limit. After 8 samplers were 
simultaneously exposed to ETS polluted indoor air for one hour, 2 
of them were extracted at once, and the rests were exposed to clean 
outdoor air. Two of them were extracted after 2, 7, and 24 hours.

Conversion of nicotine collection amount to air concentration

The amount of 1,3-butadiene collected with the passive sampler were 
converted to air concentration using a conversion equation. To make 
the conversion equation, active- and passive- sampling experiments 
were performed simultaneously in the residential room where one to 
for cigarettes was smoked. Active sampler was consisted of XAD-4 tube 
and minipump (Sibata Sci. and Technol. Inc., Tokyo). Sampling rate was 
0.20 L/min, and sampling was performed for 1 hour. After sampling, 
nicotine in XAD-4 was extracted with ethyl acetate containing 0.01% of 
triethylamine, and quinoline was used as an internal standard. Nicotine 
solution was determined by GC/MS. GC apparatus was Agilent 6890 
GC with 5795 MSD (Agilent, Tokyo). GC column was DB-5 (30 m in 
length 0.25 mmΦ, 0.25µm film thickness, Agilent, Tokyo). Column 

temperature was 50ºC for 5 minutes, then rose at 10ºC·min-1 to 220ºC. 
Detection mode was selected ion monitoring (SIM), and quantifying 
ion of nicotine was m/z 84,162. 

Results and Discussion
Selection of the filter of the sampler

We have examined the kinds of the collection filter. Generally, glass 
fiber filter GB-100 was used for collection of aerosols. But collection 
amounts of duplicate samples were sometimes varied significantly. For 
example, nicotine amounts collected were 37 and 150 μg/sampler in the 
smoking room. Then we have investigated variations of the recoveries 
from alternative filters, thinner glass fiber filter GA-55 and quarts fiber 
filter QR-100. The recovery test was performed as follows: 5 filters were 
dipped with sodium hydrogen sulfate solution, and dried. After adding 
aliquot of nicotine standard solution in the filter, the nicotine in the 
sample was analyzed as mentioned below. The result was shown in 
Figure 1. This shows that recoveries from these filters tested were 49 ± 
27 % for GA-55 and 94 ± 11% for QR-100. Therefore, we selected QR-
100 for further investigation.

An advantage of this method was simple extraction procedure. 
We can treat many samples successively, and no organic solvent was 
necessary.

Selection of the HPLC column

To separate nicotine bisulfate by HPLC, we have examined the 
normal phase HILIC column, reverse phase ODS column, and a cation 
exchange column as the HPLC column [12-16]. When we used HILIC 
or ODS column, nicotine was eluted in 1 minute, and there is problems 
in the peak shape at large injection volume. Then we have tested a 
cation exchange column, Zorbax 300-SCX. Figure 2 shows the HPLC 
chromatograms of the sample extract, blank and nicotine standard 
solution. A retention time of nicotine was about 4 minutes, and the 
peak shape was excellent with the injection volume of 100 μL which 
is 50 to 100 times large compared to that of 1 or 2 μL used in GC. The 
sensitivity of a HPLC / DAD method of 0.2 ng were worse than that of 
GC/MS of 0.04 ng, overall sensitivity of the HPLC method was 10 times 
more sensitive techniques than that of GC/MS.

Calibration curve 
The nicotine calibration curves of the nicotine were also excellent, 

and the analysis of nicotine by this method shows a sufficient response 
in a wide range.

When we analyzed nicotine by GC/MS, the large deviation from the 
linear correlation between injection amount of nicotine and response 
was observed [17-19]. In this case, nicotine peak became small and 
broad when the injection amount decreased. This broadening of GC/
MS peak lead to larger uncertainties in the determination of nicotine. 
On the other hand, HPLC peak of nicotine sulfate didn’t be broad, 
which lead to improve reliability of determination.

Stability of nicotine bisulfate during sampling

To avoid volatilization of nicotine during sampling, we collected 
nicotine as bisulfate. We have test the stability of nicotine bisulfate 
whether it was volatile or not during sampling. Figure 3 shows the result 
of stability of nicotine bisulfate. No significant difference of collection 
amount was observed after 24 hours. This suggests that nicotine sulfate 
were kept on the filter for more than 24 hrs. Saito and Seto reported 
that no nicotine was recovered from XAD tube when they drew air by 
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50 mL min-1 for 24 hours [7]. In this case, nicotine may evaporate and 
passed through the tube or degrade by hydroxyl radicals [20].

It was also suggested that ambient ozone was not affect nicotine 
bisulfate. This means that nicotine sulfate was stable in the environment 
which was the advantages of this method.

Correlation between collection amounts of nicotine by the 
passive sampler and its air concentration

We have collected nicotine by the passive sampler and the active 
sampler simultaneously, and the results were compared, showing the 
correlation between collection amount by the passive sampler for an 
hour and air concentration of nicotine. The significant correlation (r 
= 0.9128) was found between them. The deviations from regression 
line were found, this was due to broad peak of nicotine in GC/MS 
determination.

 

An example of 
the sample extract Blank

Standard nicotine 
solution (3.3 ng)

Figure 1: HPLC chromatograms of sample extract, blank and nicotine standard solution.
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Figure 2: Calibration curve of nicotine determined by HPLC/spectrophotometry.
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Figure 3: Correlation between nicotine concentrations in air collected by active 
sampler and nicotine collection amount by the passive sampler.
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Figure 4: Stability of nicotine sulfate on the filter in the clean outdoor air.
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The sampling rate (SR) of nicotine by the passive sampler was 
calculated as [19]:

SR=m/ct

where m (µg) is the nicotine amounts collected by the passive 
sampler;

t (min) was sampling time;

c (µg m-3)was the average air concentration of nicotine.

The SR value was 9.03 ± 0.63 (mL min-1), which was calculated from 
the slope of the regression line. This value was larger than that of tube 
type VOC sampler, smaller than that of badge type VOC sampler [20] 
(Figure 4).

This study suggests that nicotine determination methods developed 
including collection by sodium hydrogen sulfate impregnated filter, 
extraction with distilled water and separation analysis by HPLC / 
spectrophotometry can be applied for determining personal exposure 
of nicotine.

Conclusion
We have developed the determination method for nicotine exposure 

by using passive sampler and HPLC. It was reported that nicotine 
amounts decrease considerably during sampling when an adsorbent 
tube was used for collecting nicotine. The sodium bisulfate impregnated 
filter for nicotine collection has an advantage of preventing the decrease 
of nicotine. This collection method, however, needs neutralization 
and liquid-liquid extraction of nicotine when GC/MS was used for 
separation and analysis. The developed method included determination 
of nicotine sulfate directly by HPLC. This method could save time and a 
reagent. In addition, many samples can be treated simultaneously.
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