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Abstract: The study aimed at evaluating the total mercurytemnin tobacco and smoke released from
selected cigarette brands. “Mechanical lips” wepplied for determining the mercury concentration in
cigarette smoke, and its level was calculated tgrizéng it in tobacco, ash, and cigarette filtenafyses were
made using mercury analyser AMA-254. The study nedteonsisted of selected-brands cigarettes gmupe
according to tar and nicotine substances conterteed by a producer: 3 brands (L1, L2, and UBdiwith
low-tar and low-nicotine tobacco (4 and 0.3 mg/cétf®); 5 brands (M1, M2, M3, M4, and M5) charaizten

by medium tar and medium nicotine contents (6+8 @58¢0.6 mg/cigarette), and two remaining brands (S
S2) with high-tar and high-nicotine levels (12 @nfl mg/cigarette) Mercury contents in tobacco from tested
cigarette brands ranged from 2.95 to 10.2 ng Hggpsingle cigarette. Almost all mercury containegisw
released to the smoke (from 86.7 to 100%). Cigaréitters made of cellulose acetate appeared to be
insufficient barrier for volatile mercury. In sorngases, release of mercury from the filter into sheke was
observed. The element content in the filter wasidigfter than before smoking the cigarette fortrbesnds;
however, these were similar values to the metaterdrbefore smoking out. Applied filter filled witictivated
charcoal (single cigarette brand) contained theesamount of mercury before and after smoking thareite.
Considering 20 smoked cigarettes as daily meanevidu an individual person, it can be stated thas i

a serious mercury source which supplies the smokbra dose of 60+200 ng of the toxic element imw/her
lungs every day.
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The results of a variety of studies on environmlecgatamination with heavy metals
and their accumulation in human organism revealedassociation between elevated
mercury concentrations in people’s hair and theioling behaviour or staying in ciga-
rette smoke atmosphere [1-3]. The influence of smplon increase of daily mercury
dose introduced into a smoker’s organism was atserwed about 30 years ago [4]. In
consequence, a study aiming at evaluating the ta¢atury content in tobacco and fumes
from some cigarettes was undertaken.
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Materials and methods

Cigarettes

The study material consisted of selected-brandasreftes grouped according to tar
and nicotine substances contents declared by aipeod3 brands (L1, L2, and L3) filled
with low-tar and low-nicotine tobacco (4 and 0.3/cigarette, respectively); 5 brands
(M1, M2, M3, M4, and M5) characterized by mediumaad medium nicotine contents
(6+8 and 0.50.6 mg/cigarette), and two remaining brands (SJ, Wth high-tar and
high-nicotine levels (12 and 1.0 mg/cigarette). igMarand was represented by 5 pack-
ages (a 20 cigarettes) purchased at the same time.

Preparation of material for mercury determination

Cigarettes of each brand were divided into twosptirat were stored within a closed
desiccator to prevent the material from drying. @ae of each sample was subjected to
determinations of total mercury content in tobacead the other was smoked in
,,mechanical lips” with subsequent determinatiorafrcury content in ash and filter.
Mercury amounts were calculated by means of balgntaking into account that portion
of the element that was released in the smoke,, ifechanical lips” device was made of
water scrubber and a syringe pump 335 A (Unipatarfel). The operating principle of
the “mechanical lips” is presented in Figure 1.
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Fig. 1. Principles of operation of the ,,mechaniga”. Explanations: A - cigarette, B - sample boa
for ash accumulation, C - water scrubber, D - b@temn pump valve, E - pump syringe,
1 - movement of the valve and piston at air su¢ctbn movement of the valve and piston
releasing sucked-in air
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Determination of mercury content

Total mercury determination was carried out usingraaury analyser AMA-254
(Altech, Czech Republic) [3], taking the 100 mg psm cut together with the paper
using a scalpel. Achieved results were convertethéomercury content in a tobacco
weight unit and to the filling of a single cigaeeftaking into account its presence in the
filter), and then the amount of the element reldasé the atmosphere in smoke was
calculated. Drying, grinding, and averaging of totxasamples were left out because any
additional stage could contaminate vessels, dniestaff clothes with mercury, which
could result in larger errors.

Calibration

The analyser was calibrated applying NIST-tracedldestandard solution (Accu
Trace Single Element Standard; AccuStandard Inew Naven, CT, USA). Determina-
tion uncertainty was estimated using about 10 gjgdrette tobacco previously dried and
ground in a mortar to get a fine dust with subsatageraging of sample; determination
precision was evaluated by comparison with theysmabf certified referential materials
(CRM): Mixture of Polish Herbs (INCT - MPH-2) ance@ Leaves (INCT - TL-1) pre-
pared by Institute of Nuclear Chemistry and Tecbgg] Warsaw (Table 1).

Table 1
Assessment of the accuracy and precision of thbadaising two standard reference materials: INCTHMP
and INCT-TL-1, (Institute of Nuclear Chemistry afechnology, Warsaw, Poland)

INCT-MPH-2 [ng/g], n = 10 INCT-TL-1 [ng/g], n = 10
certified value determined value certified value tedmined value
17.60% 1.60 16.70: 0.50 492+ 0.74 5.2+ 0.43

Statistical analysis

The significance of differences in mercury contént®bacco of particular cigarette
brands was statistically assessed applying Durests &ind SAS software (SAS Version
9.1, SAS Inst., Cary, N.C., USA).

Results and discussion

Results for total mercury are presented in Tabé@ in Figures 2-4. Table 2 pre-
sents the total mercury content [ng/g] in cigaréitieg (tobacco), in filters before and
after smoking the cigarette, as well as in the &sjure 2 indicates results of absolute
total mercury level [ng] for tobacco in a singl@aniette of particular brands. Those re-
sults confirm numerical data in Table 2 referrinddwer mercury content in L1 and M3
brands tobacco, and higher in M4 and S1 brandsei®bd greater differences between
mercury content per cigarette for L1, L2 and M3rlaisresult from the different weights
of tobacco fillings. Figure 3 presents absolute augr content in cigarette fumes [ng]
calculated per a single cigarette. Results in Eiguare consistent with those from Figure
2, because in practice all mercury from the tobascreleased with the fumes during
smoking. Figure 4 presents results [ng] for meraleyermination in filters before and
after cigarette smoking - for the tested brands.
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Table 2
Mean content of total mercury in tested cigarettdmacco, in the filter before smoking, as well ab and
filter after smoking out the cigarette. Explanasiph charcoal filter, ** no filter. Values desigreat with the
same letters (a, b, ¢) within column do not siguaifitly differ at 5% error (Duncan'’s test). Valuesiginated
with the same letters ¢AB;, Az, B) within line do not significantly differ at 5% enr (Duncan’s test)

Mean mercury content [ng/g]
Cigarette brand Before smoking out After smoking out
tobacco filter ash filter
L1 6.74:0.67cdA 0.61+0.14dA 0.02:0.00eB 3.14+0.39aB
L2 9.8%1.84aA 3.61+0.42aA 0.1%+0.02aB 0.32+0.08dB
L3 8.2741.01bA 0.50:0.09dA 0.05:0.00dB, 0.540.08dA
M1 9.46+1.29aA 0.46:0.11dA 0.13:0.01bB 0.54:0.08dA
M2 8.18t1.10bA 1.94+0.15bA 0.05:0.01dB, 0.44:0.07dB
M3 6.48t1.29dA 0.3#0.25dA 0.14:0.02bB, 1.27#0.12cB
M4 10.350.76aA 1.72:0.13bcA 0.1G:0.01cB 1.76t0.14*cAp
M5 7.60t1.10bA 1.12+0.32cdA 0.04:0.01deB 2.5%0.42bB
S1 10.56t0.72aA ** 0.14:0.02bB **
S2 9.5%0.66aA 0.3%£0.08dA 0.12+0.02bcB 0.510.11dA
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Fig. 2. Absolute mercury content in tobacco of Eragigarettes [ng]. Explanations: Values designated
with the same letters (a, b, c...) do not signifibadiffer at 5% error (Duncan’s test)

Analysis of achieved results revealed lower merdevgls in only one tested ciga-
rette brand containing low-tar and low-nicotine @obo (L1) and a single brand (M3)
containing medium levels of tarry substances awrdtime (6.74 and 6.48 ng/g, respec-
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tively). However, the highest mercury content wasind in a brand with medium
amounts of tar and nicotine (M4) and one with higtentents of these substances (S1)
(10.3 and 10.6 ng/g). In the other cigarette branasardless of the content of tar and
nicotine - mercury level did not significantly diff ranging from 7.60 to 9.89 ng/g of the
filling. Such results seem to indicate the lackanf dependence between tar substances
and nicotine contents in cigarette tobacco vs migriewvels determined in them. Eight of
the tested brands had filters made of cellulostageeone (S1) had no filter, and another
one (M4) was equipped with charcoal filter. Anadysf these filters (9 cigarette brands)
- before their burning - revealed that they corgdirmercury at levels from 0.03 to
0.72 ng, ie about 1-2 orders lower than in tobabbaost of the filters did not retain mer-
cury during smoking. The charcoal filter had thensaproperty. Only in the case of
4 brands (L1, L3, M3, and M5) mean retention 0f00.3.23, 0.18, and 0.35 ng of mer-
cury was recorded (vs 2.95, 7.38, 5.72, and 6.70eafgre smoking), which was 10.2,
3.12, 3.15, and 5.22% of released mercury, respgti
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Fig. 3. Absolute mercury content in smokes of srmbarettes [ng]. Explanations: Values designated
with the same letters (a, b, c...) do not signifitadiffer at 5% error (Duncan’s test)

Worldwide literature is not abundant in works onreouey occurrence in tobacco.
Only few publications [4-9] describe issues attrilnlito methodology of mercury deter-
mination in tobacco and cigarette smokes. Thossarehes mention such techniques as:
atomic absorption spectroscopy using - after sardjglestion - cold vapours technique
(CV-AAS) [5, 9], photodiode detection and high-perhance liquid chromatography
with separation of heavy metal chelates with tédr@minophenyl)-porphyrin on re-
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versed phase RP-HPLC [7], as well as inflammabtértgue GF-AAS [10]. Similarly
small number of studies give results of mercurytenhdeterminations in tobacco prod-
ucts and cigarette smoke [4, 5, 11-13]. Resul@srrigiy to mercury amounts in cigarette
smoke found by Chang et al [5] ranged from 5.0.4+0.4 ng/cigarette, and for smoke
of referential cigarettes: from 1@.2 ng to 7.40.4 ng/cigarette, while results published
for cigarette smoke by Canadian Report [11] mentieamlues from 11.5 to
16.6 ng/cigarette.
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Fig. 4. Absolute mercury content in filter beforedaafter smoking the cigarette [ng]. Explanations:
* charcoal filter, ** no filter, Values designatedith the same letters (a, b, c...) do not
significantly differ at 5% error (Duncan'’s test)

The results obtained in this study for smoke ofe@<igarette brands are almost in
the middle of those ranges, amounting to 2.61 m¢hg case of only one brand), whereas
for other ones the range of values is 5.51+10.@igglette. According to Suzuki et al
[4], mercury contents in tobacco of Japanese argldo cigarettes oscillate around 60
and 30 ng/cigarette, respectively. Cigarettes deste¢he present study are characterized
by mercury amounts at the level of 2t8%2 ng (L1), the other brands within range
of 5.72:0.31 ng to 10.20.70 ng per single cigarette.

Considering 20 smoked cigarettes as daily mearevialu an individual person, it
can be declered that it is a serious mercury souhteh supplies a smoker with the dose
of 60-200 ng of the toxic element into his/her lungs g\ay.

They are not high levels for human organism thatbie to secrete such doses even
at complete metal absorption in the course of icttion.
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However, the mercury is absorbed by an organisnthaaespiratory tract. Mercury
introduced in this way is retained in the organisn80%. Diffusion absorption of the
element into the semi-liquid layer of the respirattract, namely lungs, occurs with
subsequent dissolution in ependyma and enterghietblood where it is oxidized in red
cells. This process is not complete and some armafrelemental mercury that remains
in blood penetrate through brain-cortex and plecdvarrier, which causes mercury
deposition in embryo brain and other tissues. Hti@ of mercury contained in red cells
to that in blood plasma is about 2 [10, 14].

According to the American Environmental Protectidgency [15], for medium-
weight adult human organism, daily dose of mer¢hay does not invoke apparent health
disturbances may reach up to 21 pug. Howeverweisknown that cigarettes are not the
only source of the element, toxic for human organiand may be crucial for the reduc-
tion of the organism abilities to secrete absonpedcury rates.
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Abstrakt: Podgto badania mage na celu okidenie zawartéci rteci catkowitej w wypetnieniu papieroséw
(tytoniu), a nasfpnie w dymie uwalnianym z papierosoéw. Przy oznaiczprerwiastka w dymie zastosowano
LSztuczne usta” (wykonane z pompy strzykawkowej88Bnipan), a zawartg rteci obliczano przez zbilan-
sowanie jej poziomu w tytoniu, popiele i filtrzepierosa. Oznaczanie prowadzonazygaiem analizatora ¢ti
AMA-254. Materiat badawczy stanowity papierosy wabych marek pogrupowane wedtug zawaitsub-
stancji smolistych i nikotyny podawanych przez proehta. Grug pierwsz reprezentowaty 3 marki (L1, L2
i L3) wypetnione tytoniem o matej zawasto substancji smolistych i nikotyny w poréwnanipazostatymi
(odpowiednio: 4 i 0,3 mg/papieros). Grupa drugajrbevata 5 marek papieroséw (M1, M2, M3, M4 i M5)
charakteryzujcych st sredni zawart@cia substancji smolistych i nikotyny (odpowiednio: 6+8
i 0,5+0,6 mg/papieros). Gryptrzech stanowity papierosy dwu marek (S1, S2) o nefazej zawartéci
substancji smolistych i nikotyny (odpowiednio: 12,0 mg/papieros). Zawa#b rteci catkowitej w tytoniu
przebadanych papieroséw wahakawigranicach od 2,95 do 10,2 ng Hg na pojedyncpyaguas. Prawie cata
zawarta w nim ¢ przechodzita do dymu papierosa (od 86,7 do 10@®43tosowane w papierosach filtry
z octanu celulozy okazalyesby¢ niewystarczajca barieg dla par tego pierwiastka. W niektérych przypad-
kach zauwzono nawet uwalnianie gido dymu réci zawartej w filtrze papierosa. W gliszaici badanych
papieroséw zawarfé tego pierwiastka w filtrach po spaleniu tytoniutdbyicksza ni przed, ale byly to
wartdsci zblizone do zawartei metalu w filtrze przed spaleniem. Zastosowary fi weglem aktywnym
(jeden gatunek papierosow) zawierat przed i poespalt; samy ilos¢ rteci. Przyjmupc 20 szt. jakdsredni
dobowy ilos¢ wypalanych papieroséw przez osobnikazneostwierdzat, ze stanowd one dé¢ znacznezrddio
rteci, dostarczajce dzieng dawk palaczowi do ptuc w przedziale 60+200 ng tegoyoksego metalu.

Stowa kluczowe:rte¢, papierosy, dym papierosowy, tito bezptomieniowa absorpcyjna spektrometria
atomowa



