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Analysis of Markers of Exposure to Constituents of
Environmental Tobacco Smoke (ETS)

Sylwia Narkowicz, Zaneta Polkowska, and Jacek Namies$nik
Department of Analytical Chemistry, Chemical Faculty, Gdansk University of Technology, Gdarisk,

Poland

Tobacco smoke is a complex mixture of more than 4000 chemical compounds, many of which
are harmful to human health. These compounds belong to various chemical classes, including
amides, imides, lactams, carboxylic acids, aldehydes, ketones, alcohols, phenols, amines, hydro-
carbons, ethers, and inorganic compounds. There are three types of tobacco smoke streams:
the mainstream, the sidestream, and environmental tobacco smoke (ETS). In view of the threat
to human health resulting from exposure to either of these tobacco smoke streams or to ETS,
it has become necessary to monitor levels of substances characteristic of tobacco smoke, i.e.,
“biomarkers,”’ The biomonitoring of toxic substances involves the analysis of biological materi-
als taken from human subjects (urine, saliva, placenta, sweat, blood) for the presence of selected
biomarkers. This article presents information on sample preparation techniques and analytical
methodologies applicable in the analysis of biological materials for the presence of biomarkers
and also on the levels of biomarkers present in samples of biological material taken from people
exposed to various degrees to the harmful actions of substances present in tobacco smoke.

Keywords tobacco smoke, environmental tobacco smoke, constituents of tobacco smoke, analytical

methods, biomarkers, biological fluids

INTRODUCTION

Tobacco is the only product legally available on the market
that is harmful to every person exposed to its action (World
Health Organization, 2008). Tobacco smoking is a habit caused
by the pharmacological addiction to nicotine and dependence on
psychological, environmental, and social factors that influence
people (Kosmicki, 2001). At present there are about a billion
smokers worldwide (DeMarini, 2004).

In 1959 some 400 compounds were known to be present in
tobacco leaves and tobacco smoke; today, this figure has risen to
4000 (Stedman, 1968). Belonging to different classes of chem-
ical compounds, these constituents may be in gaseous form or
bonded to suspended particulate matter. They include inorganic
compounds, ethers, hydrocarbons, amines, phenols, alcohols,
ketones, aldehydes, carboxylic acids, and amides (Counts et al.,
2004; Rummenie et al., 2008; Satici et al., 2003; Baker, 2006;
Torikaiu et al., 2005; Nusbaum et al., 2000; Avsar et al., 2009).
Most of them are hazardous to human health, affecting different
organs (Rummenie et al., 2008). During smoking a complex
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mixture of compounds is inhaled into the respiratory system
(Borgerding and Klus, 2005).

Experts from the Centers for Disease Control and Preven-
tion (CDC) estimated that between the years 2000 and 2004 at
least 443,000 deaths were attributable to cigarette smoking or
exposure to second-hand smoke (Miller et al., 2010). Cigarette
smoking is globally prevalent and is increasing, especially in
developing countries. It is estimated that by 2015, 6.4 million
deaths worldwide will be due to smoking (Man et al., 2009).
Other data indicate that as a consequence of smoking, 3 million
people die per year and that in the next 30-40 years, this number
will grow to 10 million per year. The International Agency for
Research on Cancer has identified tobacco smoke as a factor
inducing cancer in a greater number of human organs than other
carcinogens (DeMarini, 2004).

But exposure to environmental tobacco smoke (ETS) can
cause disease, even if people have never smoked. Depending on
how much smoke is present, the type of ventilation, contact with
indoor surfaces, and a host of other environmental conditions,
ETS can contain some 60 different carcinogens (Howard and
Sanderow, 2008). People are exposed to tobacco smoke at the
workplace and in their leisure pursuits (at home, and in bars
and restaurants) (Collier and Pritsos, 2003). The term “passive
smoking” implies the involuntary inhalation of tobacco smoke



Downloaded by [East Carolina University] at 23:44 19 February 2012

MARKERS OF EXPOSURE TO CONSTITUENTS OF ETS 17

present in the environment, which is formed as a result of the
burning of a cigarette (diluted sidestream, 57-85%) or the in-
halation of smoke by a smoker (diluted mainstream, 15-43%)
(Krzemieniecki, 2001; Henderson, 2009; Frost-Pineda et al.,
2008). This is particularly dangerous in view of the fact that
some constituents of this smoke are present in concentrations
far higher in the smoke stream forming as a result of the burning
of a cigarette (Krzemieniecki, 2001); for example, the concen-
tration of carbon monoxide is 3-5 times, the ammonia level
approximately 40—170 times, nitrogen oxides 4—10 times, and
hydrogen cyanide 4—10 times greater in the sidestream.

BIOMONITORING AND BIOMARKERS
The smoke generated by a burning cigarette can be divided
into:

e Mainstream smoke (MS), which emerges from the
mouth end of the cigarette during puffing,

e Sidestream smoke (SS), which emerges into the envi-
ronment from the lit end of the cigarette between puffs,
and

e Environmental tobacco smoke (ETS), which is a mix-
ture of sidestream smoke and exhaled mainstream
smoke that diffuses into the atmosphere, becomes di-
luted by ambient air, and undergoes various physical
and chemical changes, including reactions with chemi-
cal substances not generated by tobacco. Another name
for ETS is secondhand smoke (Borgerding and Klus,
2005; Chung et al., 2005; Miller et al., 2005).

Because of the numerous adverse health effects due to to-
bacco smoking and the exposure of nonsmokers to one of the
smoke streams or to ETS, the need has arisen to monitor the
toxic substances present in tobacco smoke and entering an ex-
posed person’s body. This done by the biomonitoring of toxic

substances in samples of biological materials taken from hu-
mans.

Biomonitoring is the application of a live organism or biolog-
ical material taken from an organism in order to obtain essential
information about the biosphere. Organisms used in biomoni-
toring are called “bioindicators.” Information on the occurrence
and concentration of a bioindicator substance is extremely im-
portant for quality assessment of the environment and changes
taking place in it (Polkowska et al., 2004). Human biomoni-
toring is a means of acquiring data on the exposure of people
to environmental toxicants and the effects of such exposure by
means of the analysis of cells, tissues, and biological fluids.
Real-time monitoring (RTM) is carried out by analyzing blood,
urine, saliva, milk, and placental material; long-term monitoring
(LTM) involves the analysis of hair, bones, liver, and fatty tissue
(Iyengar and Rapp, 2001). The biochemical or biological vari-
ables measured during human biomonitoring are the so-called
biomarkers, which define the risk of exposure, the effects of ex-
posure, or individual susceptibility to exposure (Scherer, 2006).

Biomarkers of Exposure to ETS Constituents

A biomarker is principally an aid in the assessment of expo-
sure and biological consequences in epidemiology, occupational
medicine, and environmental protection (Scherer, 2006). A sub-
stance that is a biomarker for tobacco smoke should be specific
to tobacco smoke, occur in amounts enabling its determination,
and be emitted at similar levels from cigarettes of all brands
(Rothberg et al., 1998). Figure 1 outlines in schematic form the
concept of biomonitoring the substances contained in tobacco
smoke (using as an example benzene) (Scherer, 2006).

Markers of ETS exposure are metabolites of tobacco smoke
constituents that can be measured in physiological fluids or
attached to DNA or proteins. They are useful in quantify-
ing the amount of exposure to ETS. Biomarkers, which are

Type of biomarker \

External dose Internal dose Biologically Early biological Health

effective dose effects effects

Benzene DNA adducts of Chromosomal
Benzgne field in .concentrati.on benzene in bone at')errations‘, Leukaemia
mainstream in blood, urine, marrow cells, micronuclei,
smoke exhaled air haemoglobin sister chromatid
adducts of exchanges
benzene

—

/

Smoking-related
exposure to benzene

FIG. 1. The concept of biomonitoring a substance contained in tobacco smoke (based on the example of benzene).
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components of ETS or their metabolites, are the best direct
means of assessing ETS exposure. A difficult issue, however, is
the availability of samples of human biological fluids. An alter-
native is the determination of biomarkers of ETS in indoor air.
Markers of ETS should be unique to tobacco smoke. The fol-
lowing markers of exposure to tobacco smoke have been used:
nicotine, cotinine, thiocyanate, carboxyhaemoglobin, hydrox-
yproline, aromatic amines, and also certain protein and DNA
adducts. Nicotine in particular has been favored because it is
specific to ETS and because, in its vapor phase, it is fairly sim-
ple and inexpensive to measure. Another biomarker used is RSP
(respirable suspended particulates), but RSP is removed largely
through building ventilation systems, whereas nicotine is de-
posited on surfaces and can later be re-emitted. RSP is used
in long-term monitoring. Cotinine is a biomarker used for epi-
demiological purposes, as its level in biological fluids is linked
to the magnitude of exposure to ETS constituents.

The appropriateness of a biomarker depends on the nature
of the study and the type of exposure being assessed (RTM
or LTM). The relationship between a biomarker and exposure
varies as a function of environmental and physiological factors.
Individual characteristics, such as rate of metabolism, absorp-
tion, and differences in distribution can also affect the biomarker
concentration in body fluids. It can determine the dose derived
from smoking, which is difficult in the case of exposure to the
same substance from the diet or exposure from other sources
(Chung et al., 2005).

The first mention of biomarkers goes back to the year 1856,
when Riley observed the quickening of the pulse following the
smoking of a cigarette. In 1932 Maddock and Coller recorded
body temperature changes after smoking, and in 1957 the first
EEGs (electroencephalograms) visualized the changes taking
place in the brain during the smoking of a cigarette (Scherer,
2006). Table 1 lists the biomarkers of ETS exposure and their
half-lives.

The Thiocyanate Ion

The first environmental biomarker of tobacco smoke to
be discovered was the thiocyanate ion (SCN™), which Claud
Bernard (1813-1878) detected in urine, saliva, and blood. He
recorded higher levels of this ion in these biological fluids in
smokers than in nonsmokers (Scherer, 2006). This ion is a
metabolite of cyanides (HCN). Cyanides are present, mainly
in the form of glycosides, from which they are released in the
gastric juice, in different food items. These compounds are con-
tained in brassicas (like cabbage, broccoli, and cauliflower),
almonds, nuts, leguminous plants, bamboo, beans, and linseed,
as well as in cherry, peach, apricot, and plum stones and in ap-
ple pips. Further sources are mustard, cows’ milk, and cheese.
They are also formed endogenously by bacteria in the colon
(Scherer, 2006). But only small quantities of cyanide ions are
produced from food. Larger concentrations are produced by the
metabolism of tobacco smoke constituents (Glatz et al., 2001).

This metabolism takes place mainly in the mitochondria of the
liver. The half-life of the SCN~ ion is 6 days, which is decid-
edly longer than that of other biomarkers, such as nicotine. The
most precise and reliable information is supplied by analyses
of thiocyanate ion levels in the serum, since these ions appear
or disappear in serum more quickly than in other body fluids
(Pré and Vassy, 1991). Thiocyanate ions get into the body by
being absorbed by the pulmonary alveoli, the buccal mucosa,
stomach, and skin (Scherer, 2006).

SCN~ levels are some 2-3 times higher in the urine or
serum of smokers than of nonsmokers: the mean concentra-
tion in serum samples is 50 mol/dm? in nonsmokers and 150
wmol/dm? in smokers. In saliva the respective levels are 1200
and 3000 pmol/dm?, 20 times higher than in serum samples.
SCN~ levels in urine samples are roughly the same as those in
serum (Scherer, 2006).

The toxicity of the thiocyanate ion is due to its affinity for iron
in the cytochrome C molecule in mitochondria, which blocks
the final stage of electron transfer, as a result of which cells
become anoxic and changes occur leading to ATP exhaustion,
metabolic acidosis, and ultimately cell death (Pritchard, 2002).

Pyridine Alkaloids: Nicotine, Cotinine

Nicotine is the factor responsible for the addiction to tobacco
smoking (Pellegrini et al., 2007; Chung et al., 2005). The main
source of exposure to nicotine is the smoking of tobacco or
the use of nicotine replacement therapy (e.g., chewing gum or
patches containing nicotine) (Yildiz, 2004; Chung et al., 2005).
One cigarette contains from 7 to 24 mg of nicotine (Moriya
and Hashimoto, 2004). It is also present in plants like tomatoes,
potatoes, and green peppers (Collier and Pritsos, 2003; Polanska
et al., 2007; Yildiz, 2004) as well as tea and aubergines (Chung
et al., 2005).

Nicotine’s structure enables it to cross barriers like biological
membranes, including the blood-brain barrier. The effects of
nicotine are:

Higher pulse rate

Higher blood pressure

Increase in the fatty acid content of the blood
Mobilization of sugars present in the blood and an
increase in the blood level of catecholamine (Yildiz,
2004)

e Stimulation of the autonomic system by releasing or
facilitating the production of various neurotransmitters
(dopamine, noradrenalin, serotonin, acetylcholine, and
vasopressin) (Miller et al., 2010)

o At the cellular level exposure to nicotine is manifested
by increased expression of heat shock proteins, ex-
change of sister chromatids, chromosomal aberrations,
and attenuation of apoptosis (Yildiz, 2004)

Nicotine is absorbed through the mouth, skin, lungs, uri-
nary bladder, and digestive tract. Absorption through the buccal
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TABLE 1

List of biomarkers of ETS exposure and their half-lives

Compound in tobacco smoke

Compounds determined in biological material
(compound or metabolite of tobacco smoke compound)
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TABLE 2
Typical levels of COex and COHb determined in samples of
exhaled air and blood taken from subjects exposed to different
degrees to the harmful effects of tobacco smoke (Scherer,

2006)
Biomarkers = Non-smokers Smokers Heavy smokers
COex 4-7 ppm 20-30 ppm > 50 ppm
COHb 1-2% 4-7% > 12%

mucosa is the main pathway in smokers not inhaling smoke or
on replacement therapy. But the main route of absorption in
smokers is via the pulmonary alveoli. The aqueous fraction of
tobacco has a pH of 8.5, whereas the alveolar pH is 7.4. Under
these conditions more than 30% of the nicotine is in a neutral
state and easily crosses cell membranes (Yildiz, 2004).

The concentration of nicotine and its metabolites in biologi-
cal fluids may be an indicator of exposure to ETS (Chung et al.,
2005). Cotinine is considered to be the most specific and most
sensitive biomarker of exposure to ETS constituents (Kaufman
et al., 2002). It is a metabolite of nicotine determined in body
fluids like saliva, blood, and urine and also in the hair and pla-
centa. As cotinine can be determined in the hair and placenta, it
is a good biomarker for fetal exposure to ETS constituents. The
half-life of cotinine is 15-17 h, and so it is very much longer
than that of nicotine (2.5 h) (Collier and Pritsos, 2003; Polaniska
et al., 2007; Rogers, 2008). The cotinine level is two to three
orders of magnitude greater in smokers than in nonsmokers
exposed to ETS (Chung et al., 2005).

Nicotine itself has not been identified as a carcinogen, but
several tobacco-specific nitrosamines (TSNAs), which are
derived from nicotine and other tobacco alkaloids, may be
carcinogenic. Tobacco-specific nitrosamines are formed by

N-nitrosation of nicotine during the curing, processing, fermen-
tation, and combustion of tobacco products. TSNAs include such
nitrosamines as N’-nitrosonornicotine, 4-(methylnitrosamino-)-
1-(3-pyridyl)-1-butanone,  N’-nitrosonornicotine, and 4-
(methylnitrosamino-)-1-(3-pyridyl)-1-butone. All these com-
pounds are regarded as highly carcinogenic (Chung et al., 2005).

Carbon Monoxide in Blood and Exhaled Air

One of the earliest discovered biomarkers of tobacco smoke
was the combination of carbon monoxide and hemoglobin
(CoHb) (Scherer, 2005). The affinity of CO for hemoglobin is
200-240 times greater than the affinity of oxygen (Olds, 1997;
Topinka et al., 2009). CO is a colorless, odorless toxic gas,
slightly lighter than air (Scherer, 2006). Tobacco smoke is one of
the sources of exposure to CO (Scherer, 2005). It enters the body
through the respiratory tract. Having diffused across the walls
of the pulmonary alveoli, CO binds with the iron(II) cations
in hemoglobin to form carboxyhemoglobin. This compound is
incapable of transporting oxygen. Symptoms of CO poison-
ing include headache, vertigo, shallow breathing, chest pains,
weakness, nausea, loss of consciousness, abdominal pains, and
muscle cramps (Scherer, 2006). Exposure to a CO concentration
of 2000 ppm for 3—4 h causes 70% of the hemoglobin to bind to
it, and death ensues. The half-life of COHb is 1—4 h. The level
of carboxyhemoglobin in the blood of a fetus is higher than in
the mother, which due to the greater susceptibility of the fetus,
increasing risk of exposure to CO effects (Olds, 1997; Topinka
et al., 2009). This is because the fetus has a lower capacity for
detoxification and DNA repair (Topinka et al., 2009).

The level of CO in exhaled air (COex) is also a biomarker
of exposure to ETS constituents. But because of the very short
half-life (from 5 to 55 min), the CO concentration should be
measured within 30 min of a cigarette having been smoked. CO

TABLE 3
A brief outline of biological materials used in the determination of ETS exposure biomarkers

Sampling

Sample size

Invasive
techniques

Biological
material

Type of
material

Noninvasive
techniques Large

Medium Small

Blood
Urine
Saliva
Tears
Sweat

Bile

Semen
Breast milk
Amniotic fluid
Meconium
Placenta

172387 1 wnlll el wn il wn il wn il wnl wn il enlll o
+

|
+
|

e B e e
L
L+

L+ 4+ 11

+
|

L: liquid, S: solid, +: yes, —: no.
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TABLE 4
Chemical composition of biological materials obtained from humans

Fluid Constituents Fluid Constituents
Sweat mineral compounds: K+, Ca?*, Mg?*, Fe 2+ Blood erythrocytes, leukocytes

0.8% NaCl protein

98% water hemoglobin (HGB)

ammonia neutrophils

fats blood platelets

lactic and uric acids glucose
Bile mineral compounds: Nat, K+, CI~, Fe’*, PO43~ leukocytes, monocytes, lymphocytes

bile pigments (bilirubins)
cholesterol lipids

bile acids, responsible for bile’s bitter taste

mucus

steroids and protein hormones
prostaglandins

cytokines

Semen

enzymes (acidic phosphatase, beta-glucuronidase)
Placenta

citric acid
trace elements (Mg?*, Ca’>*, K+, Zn**)

Saliva salivary amylase (ptyalin) and maltase

mucin—mucilaginous body
mineral salts

protein

water 99.5%

Meconium residual swallowed amniotic fluid
cholesterol and sterol precursors
blood group substances
sugar
proteins
lipids

trace metals

desquamated epithelial cells from the
gastrointestinal tract and skin fatty material
from the vernix caseosa

Breast milk

Meconium

phosphatase: basic and acidic

creatinine and urea

urea

Naf, K*, Ca?*, Mg?*, Fe?*, C1—, HPO, ™,
CO5~

bilirubin

carbohydrate

protein

fat

Ca’*, ClI—, Mg?*, P, K+, Se?*, Zn**+

protein

water

fat

ash

Urine Nat, K*, NH;+, Ca>*, Mg?+,Cl—, PO43~,

S0,%,
water
urea
uric acid
creatinine

Amniotic fluid water and electrolytes 98%, peptides, lipids,

proteins, hormones
peptides
lipids
proteins
hormones
bile acids and salts
fine neonatal hair
various pancreatic and intestinal secretions
water
Enzymes

in exhaled air is linked to carboxyhemoglobin by the formula
COHb(%) = 0.6 4+ 0.3COex (ppm). There is a linear dependence
between CO and COHDb in the 0-10% range.

Table 2 lists typical CO levels in samples of exhaled air and
blood taken from subjects exposed to different degrees to the
harmful effects of tobacco smoke (Scherer, 2006).

The use of these biomarkers in distinguishing between sub-
jects with no, low, or high levels of ETS exposure is limited
because of their lack of sensitivity and specificity (Chung et al.,
2005).

Use of Samples of Biological Material in the Analysis of
Tobacco Smoke Biomarkers

The term “biological material” includes both physiological
fluids and solid tissues. More and more information is being
published in the literature about novel analytical methodologies
developed to monitor biological solids and liquids, to deter-
mine concentration ranges of a wide spectrum of analytes, and
to assess the influence of environmental exposure to chemi-
cal compounds detected determined quantitatively in samples
of biological materials with the aid of the relevant analytical
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TABLE 5
Problems appearing during analytical work on samples of biological materials
Type of problem Problem example
Independent of the analytical procedure Sample inhomogeneity (placenta)

Different metabolism of toxic compounds depending on age and sex
Exposure to biomarkers of the ETS constituents from sources other than ETS
(thiocyanate ion, formaldehyde)
Presence of interferents
Problems concerning the sampling of biological materials (invasive sampling of
blood, amniotic fluid)
Difficulties with sample representativeness (urine, saliva)
Connected with the analytical procedure Small volumes of samples (semen, tears, blood)
Need to select appropriate analytical procedures
Specific composition of the matrix
Analyte loss during sample preparation
Low levels of some analytes
Lack of reference materials
Change in chemical composition during storage (decay of biological tissues)
Connected with the interpretation of results  Changes in biomarker concentrations depending on time of exposure (linked to
half-life)
Relationships between contaminants present in samples
Lack of appropriate norms concerning permissible levels of compounds present in

ETS
procedures. The proper selection of biological sample types is e Metabolic changes of particular elements or com-
a difficult task. Important aspects of a sample, enabling its use- pounds,
fulness for analysis to be assessed, include: e Quantity of a sample that can be collected, and

TABLE 6
Operations involved in the preparation of samples of biological materials for analysis

Operation involved in the preparation
of samples of biological materials for

analysis Characteristics of each stage Reference
Sampling Invasive sampling: specimens of blood, amniotic Chinaka et al., 1998; Blount and
fluid Valentin-Blasini, 2006

Noninvasive sampling: specimens of urine,
saliva, semen, placenta
Representative sample

Sample storage Samples stored at temperatures from —4°C to Chou et al., 2008; Miller et al., 2010
—80°C
Measurement of mass and/or volume — Miller et al., 2010
Dessication Dessication in a stream of nitrogen after Page-Sharp et al., 2003
extraction
Lyophilization
Dilution Sample diluted with ultrapure water Chinaka et al., 1998; Glatz et al., 2001
Centrifugation Removal of suspended matter from fluid Youso et al., 2010

samples, blood proteins, urine
Analyte preconcentration Extraction techniques Nakajima et al., 2000
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e Analytical quality of the sample, which is affected by
the methods of storage and preservation.

Toxic substances that are absorbed by the body can circulate
in it together with physiological fluids, accumulate in tissues,
or be excreted as polar metabolites or in unchanged form. Bi-
ological fluids are materials with a complex matrix and require
special attention at the sample preparation stage (Polkowska et
al., 2004). Biological fluids such as blood, breast milk, saliva,
and urine are commonly used to monitor pollutants. Body-fluid
specimens from human subjects that are meaningful as biomon-
itors fall into two groups: those requiring invasive procedures
(whole blood) and those that use noninvasive procedures (saliva,
urine) (Iyengar and Rapp, 2001). Table 3 lists basic informa-
tion on biological materials that are analyzed for ETS expo-
sure biomarkers. Such materials are difficult to analyze because
of their complex structure and the possibility of interferents
(Polkowska et al., 2004; Sylwanowicz et al., 1980; Heinrich-
Ramm et al., 2002; Bochenek and Reicher, 1955; Kratz et al.,
2004; Hamosh, 1996; Noguera-Obenza et al., 2003; Iyengar
and. Rapp, 2001; Topinka et al, 2009; Gareri et al., 2006; Tong
et al., 2009).

Table 4 sets out information on the chemical composition of
these materials (Sylwanowicz et al., 1980; Gareri et al., 2006;
Bearer, 2003; Tong et al., 2009; Topinka et al., 2009; Hamosh,
1996; Noguera-Obenza, 2003).

Analysis of Biomarkers of Exposure to ETS Constituents
on Biological Materials

The analysis of samples of biological materials is problematic
because of the variability in target substance concentrations with
respect to sampling time. This depends, among other things, on
the degree of exposure of the system to a given xenobiotic and
on its half-life. Samples of biological materials, with their com-
plex and often variable matrices, present a particular challenge.
Another issue to be addressed is the complex and often vari-
able composition of biological materials, which means that they
cannot be analyzed directly. Table 5 gives information on the
fundamental problems that crop up during analytical work on
samples of biological materials.

Techniques of Sample Preparation Prior to Determination
of ETS Biomarkers in Biological Materials

The analytical procedure consists of many stages, the most
error-prone of which are the sampling and sample preparation
steps. Table 6 provides information on the operations involved in
the preparation of samples of biological materials for analysis.

Any errors committed during sampling and/or sample prepa-
ration may lead to loss of analytes and/or introduce further
contaminants to the samples. Another difficulty is the need
for invasive sampling in the case of blood or amniotic fluid

TABLE 7
Extraction techniques used for preparing samples of biological materials for analysis of selected contaminants
Extraction  Biological material Analyte Reference
LLE urine methylmercapturic acid (MMA) Scherer et al., 2010
2-hydroxyethylmercapturic acid (HEMA)
2-cyanoethylmercapturic acid (CEMA)
nicotine Heinrich-Ramm et al., 2002
nicotine, cotinine Man et al., 2009
plasma nicotine, cotinine Nakajima et al., 2000
breast milk nicotine, cotinine Page-Sharp et al., 2003
nicotine (NIC), cotinine (COT), trans-3-hydroxycotinine Pellegrini et al., 2007
(TRANS-3-OH-COT), cotinine-N-oxide (COT-N-OX)
SPE urine nicotine, cotinine Doctor et al., 2004
plasma, urine NIC GLUC - Miller et al., 2010
nicotine-N-(4-deoxy-4,5-didehydro)-8-D-glucuronide,
CNO - (S)-cotinine N-oxiol, 3-HC-3'-hydroxycotinine,
NCOT - norcotinine, NNO - trans
nicotine-1’-oxide-methyl, COT - cotinine, NNIC -
nornicotine, NIC - nicotine, AT - anatabine, AB -
anabasine, COT GLUC - cotinine N-S-D-glucuronide
SPME urine benzene, toluene, ethylbenzene, xylenes Manini et al., 2008
SLE urine nicotine, cotinine Oddoze et al., 1998
PMME saliva formaldehyde, acetaldehyde, acrolein, butyraldehyde Zhang et al., 2006
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TABLE 9
Literature data on biomarkers detected and determined in samples of biological materials
Biological
material Analyte(s) Concentration range Reference
Urine methylmercapturic acid (MMA) 19.1-27.2 ug/24 h Scherer et al., 2010

2-hydroxyethylmercapturic acid (HEMA)
2-cyanoethylmercapturic acid (CEMA)
nicotine

nicotine
cotinine
cotinine levels with creatinine correction

nicotine

cotinine

thiocyanate

nitrate

cotinine
thiocyanate ion

NIC GLUC - nicotine-N-(4-deoxy-4,5-
didehydro)-8-D-glucuronide

CNO - (S)-cotinine N-oxiol

3-HC-3’-hydroxycotinine

NCOT - norcotinine

NNO - trans nicotine-1’-oxide-methyl

COT - cotinine

NNIC - nornicotine

NIC - nicotine

AT - anatabine

AB-anabasine

25.7-272.8 ug/l24 h
6.79-30.4 ng/24 h
smokers: 1002.2 pg/g creatinine

non-smokers: 42.0-45.8 pg/g creatinine
smokers: 21.2-2684 ng/g creatinine
non-smokers: 1.7-148 pg/g creatinine
nicotine: 1.3-417.3 ng/mL

cotinine: 21.4-1277.8 ng/mL
non-smokers: 0.0032 mg/g
secondhand smokers: 0.0073 mg/g
smokers: 1.93 mg/g

non-smokers: 1.60 pg/mL

smokers: 5.40 pg/mL

chewers: 2.22 pg/mL

snuff users: 2.12 pg/mL
non-smokers: 3.36 pug/mL

smokers: 10.28 pg/mL

chewers: 5.87 pg/mL

snuff users: 3.87 pug/mL
non-smokers: 6.48 mg/L

smokers:

female: 11.62 mg/L

male: 17.10 mg/L
non-smokers: 224 mg/L.
smokers: female: 259 mg/L
male: 141 mg/L, 152 mg/L
urine: 0.53-8.9 pg/L

urine: non-smokers: 84.0 uM
smokers: 216.5 uM

5.2-46 ng/mL

4.1-37 ng/mL
10-103 ng/mL
4.3-38 ng/mL
0.90-99 ng/mL
9.6-88 ng/mL
4.4-37 ng/mL
5.4-46 ng/mL
8.7-83 ng/mL
4.0-37 ng/mL

COT GLUC - cotinine N-g-D-glucuronide 82-327 ng/mL

Heinrich-Ramm
et al., 2002

Man et al., 2009

Tsai et al., 2007

Doctor et al., 2004

Connolly et al.,
2002

Willers et al., 2000
Glatz et al., 2001

Miller et al., 2010

(Continued on next page)
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TABLE 9
Literature data on biomarkers detected and determined in samples of biological materials (Continued)
Biological
material Analyte(s) Concentration range Reference
Saliva thiocyanate ion non-smokers: 1.05 mM Glatz et al., 2001
smokers: 2.05 mM
cotinine 0.3-2.6 ug/L Willers et al., 2000
Plasma NIC GLUC - nicotine-N-(4-deoxy-4,5- 5.2-41 ng/mL Miller et al., 2010
didehydro)-B8-D-glucuronide
CNO - (S)-cotinine N-oxiol 4.4-39 ng/mL
3-HC-3’-hydroxycotinine 1.0-92 ng/mL
NCOT - norcotinine 4.6-42 ng/mL
NNO - trans nicotine-1’-oxide-methyl 0.83-106 ng/mL
COT - cotinine 1.1-96 ng/mL
NNIC - nornicotine 4.8-46 ng/mL
NIC - nicotine 5.3-42 ng/mL
AT - anatabine 0.97-107 ng/mL
AB -anabasine 4.8-40 ng/mL
COT GLUC - cotinine N-B-D-glucoronide 74—434 ng/mL
protein-bound thiocyanate non-smokers: 35.4 ng/mL Youso et al., 2010
smokers: 89.1 ng/mL
nicotine 0.18-24.92 ng/mL. Nakajima et al.,
2000
cotinine 1.02-79.42 ng/mL
Blood cyanide ion smokers: 509-686 pmol/mL Chinaka et al., 1998
non-smokers: 434-550 pmol/mL
thiocyanate ion smokers: 28.6-96.1 pmol/mL
non-smokers: 5.2—16.6 pmol/mL
Milk nicotine (NIC) 40.0-240.0 ng/L Pellegrini et al.,

cotinine (COT)

trans-3-hydroxycotinine
(TRANS-3-OH-COT)

cotinine-N-oxide (COT-N-OX)

Amniotic fluid  perchlorate

thiocyanate

nitrate

iodide
Tears lysozyme
nicotine
cotinine

Semen

2007

20.5-173.9 pg/L

14.4-17.3 png/L

5.0-18.4 ug/L

0.057-0.71 ug/L Blount and
Valentin-Blasini,
2006

1.7-170 png/L

< 10-5860 png/L
650-8900 pg/L

smokers: 1217 uL/mL
non-smokers: 1472 pL/mL
12.4 ng/mL.

5.2 ng/mL

Satici et al., 2003

Pacifici et al., 1995

specimens. Figure 2 shows a general scheme of the procedures
used for analyzing samples of biological materials with a com-
plex matrix composition (Polkowska et al., 2004).

Analytical procedures that are useful generally require ex-
traction and preconcentration steps. During extraction, the com-
pounds are isolated from the matrix and concentrated to enable

their identification or quantification. Environmental, biomedi-
cal, and other types of analyses use extraction techniques like
liquid-liquid extraction (LLE) (Kintz et al., 1998; James et al.,
1998; Man et al., 2006; Song et al., 2005), solid-phase extrac-
tion (SPE) (Connolly et al., 2002; Zuccaro et al., 1995; Wang
and Lu, 2009; Bentley et al., 1999; Kim et al., 2000; Bazylak
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| Sampling I—P[ Invasive, non-invasive

!

Transport, preservation [~ Freezing, incubation
» and storage of samples
l centrifugation dilution, addition
of anticoagulants, buffer
Physical and chemical [——* solutions, derivatization
! processing

.

Isolation and E—
> preconcentration of analvies

+

—.| Extract cleanup I

'—'I Separation of analytes I—>| LC, HPLC, IC, GC. RIA, CE, |
'—'l Identification of analytes ‘
—.l Quantitative determination

FIG. 2. General scheme of the procedures used for analyzing
samples of biological materials with a complex matrix compo-
sition.

extraction (SPE. LLE, SPME,
PMME)

several stages

Validation of the whole analytical procedure and of its

etal., 2000), solid-phase microextraction (SPME) (Manini et al.,
2008), solid-liquid extraction (SLE) (Oddoze et al., 1998), and
polymer monolith microextraction (PMME) (Zhang et al., 2006)
(Table 7).

One of the most popular trends in analytical chemistry is the
miniaturization of the sample, which enables solvent consump-
tion in analytical laboratories to be reduced, and is expected
to contribute significantly to the reduction of analytical costs
(Kawaguchi et al., 2006). Table 8 lists basic information on the
analytical methodologies applied in the determination of differ-
ent types of biomarkers in samples of biological materials.

Modern analytical techniques enable substances that are con-
taminants and biomarkers specific to ETS to be detected at very
low concentrations (ng/mL). Most literature reports provide data
on biomarkers of exposure to ETS constituents, but research is
also taking place on other contaminants, the occurrence of which
is the result of being exposed to ET'S constituents. Most literature
data refer to biological materials and fluids that can be obtained
noninvasively. This is because of the problems involved in ob-
taining permission from bioethics commissions to take samples
invasively. In any case, samples that can be obtained in larger
volumes are of greater interest, as this considerably facilitates
their preparation and analysis. The literature data on concentra-
tions of biomarkers and other ETS contaminants in samples of
biological materials are summarized in Table 9.

CONCLUSION

Information about the state of the environment can be ob-
tained not only from its abiotic part (air, water, soil), but also
from its biotic part, and this includes biological materials ob-
tained from humans (excreta, secretions, tissues, and physiolog-
ical fluids), which are constantly exposed to a whole range of
xenobiotics. These contaminants include the compounds formed
during the smoking of tobacco. Tobacco smoke is a complex
mixture of more than 4000 compounds, many of which are
harmful to human health. A large proportion of these latter are
proven toxicants or carcinogens.

Exposure to the constituents of environmental tobacco smoke
(ETS) is ever more frequently being assessed on the basis of the
measured concentrations of toxic substances or their metabolites
in tissues, secretions, or excreta. In order to assess the extent
to which the human body is exposed to the toxic substances
present in ETS, substances specific to ETS—biomarkers—are
determined, among them carbon monoxide, thiocyanate ion,
and nicotine and its metabolites. One of the most troublesome
aspects regarding the use of biological material for assessments
of xenobiotic exposure is the choice of a representative sample
for analysis.

The examination of samples of human physiological fluids
and materials poses a great challenge to analysts. Many scientific
institutions are working on the development of new analytical
methodologies that have metrological parameters enabling them
to be used on a routine basis. Samples of physiological fluids
and biological materials have a very complex matrix, and in the
vast majority of cases the direct determination of analytes using
known analytical methodologies and techniques is not possi-
ble. Which technique is to be applied depends on the group of
compounds to which the target biomarker belongs and on its
half-life. In accordance with the principles of green chemistry,
environmentally friendly extraction techniques are increasingly
being used, which means that the consumption of toxic sub-
stances like organic solvents can be much reduced.
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