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The consumption of tobacco products, and in particular burnt tobacco products,
contributes to a significant global mortality, exceeding 8 million deaths per year,
according to the WHO. At the same time, the tobacco market has a wide range of
products. Particularly noteworthy among these are cigars, the popularity of which
increased dramatically in the 1990s. Despite this, the amount of research on the toxic
element content of cigars and other burnt nicotine products remains small. This work
fills this gap in the analysis of burnt nicotine products by determining selected
potentially toxic elements (e.g. As, Hg, Cd, Co, Ni) in cigars, bidis, pipe tobacco and
cigarettes. A new approach for estimating tobacco consumer exposure was also
proposed, a modification of the method for estimating consumer exposure to toxic
elements in food products. The modifications applied include, for example,
consideration of the inhalation route of exposure and the magnitude of the
harmfulness of the substances tested in inhaled form (chronic exposure - resulting
from the addictive nature of the products). It has been shown that the combustion of
just 1 gram of tobacco per day can deliver a dose of potentially toxic elements to the
smoker's body that has a carcinogenic effect. These results correlate with the
observed harmfulness of burnt tobacco products.
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IARC - International Agency for Research on Cancer
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PTEs - Potentially Toxic Elements
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TS - Transmission to Smoke

WHO - World Health Organization

WWA - Wielopierscieniowe Weglowodory Aromatyczne

-11 -



a <
¢P|;“§‘
Gl+

-
FACULTY OF
CHEMISTRY
OF TECHNOLOGY

GDANSK UNIVERSITY

SPIS TRESCI

UZYTE AKRONIMY I SKROTY -11 -
1.1. WSTEP -13 -
1.1.1. WYROBY TYTONIOWE — HISTORIA I ZAGROZENIA ......ccooveeeeennrennnnn. -13-
1.1.2. RODZAJE WYROBOW TYTONIOWYCH.......coovveeeeereeeiieeeeereeeeeneeeeeneenns -17-
1.1.3. ZAGROZENIA WYNIKAJACE Z PALENIA CTPS ....
ROZDZIAL 2
CELE BADAWCZE ....viiiieetieeeeeeeeaeee e e eeeaeee e e e ettt e e e eeetaaeeeeeeetaaaeeeeeeaaaaseeeeenreeens
ROZDZIAL 3
OPIS BADAN .......coo..n....
3.1. BADANIA WSTEPNE
3.2. PRZEGLAD LITERATURY ...ouuvviiieeeiirieeeeeeiiteeeeeeeeeareeeeeeeavreeeeeeenneeeeeeenneeens -34 -
3.3. ANALIZA ZAWARTOSCI PTES W CTPS 1 SZACOWANIE NARAZENIA
KONSUMENTOW ....uvviiiirieeeteeeeeteeeeeeeeeeeaeeeeeteeeeeaeeeeeaeeeeneeseseeeeenseeeeseeeenseeeenns -35-
ROZDZIAL 4 -38-
WINTOSKI....citviieeeeeetieee e eeee e e eeeat e e e e ete e e e e eeaaeeeeeeeetaaeeeeeeetaaeeeeeeeisreeeeeeannnes -38-
ROZDZIAL 5 PUBLIKACJE - 40 -
5.1. REVIEW OF CIGARS AND CIGAR-TYPE PRODUCTS AS POTENTIAL SOURCES OF
CONSUMER EXPOSURE TO HEAVY METALS .....uvvviieiiiiiirieeeeeeiireeeeeeeenreeeeeeeaveens -40 -
5.2. OZNACZENIE RTECI W TYTONIU CYGAROWYM JAKO WYZWANIE ANALITYCZNE

5.3. EVALUATION OF MERCURY CONTENT IN COMBUSTIBLE TOBACCO PRODUCTS
BY EMPLOYING COLD VAPOR ATOMIC ABSORPTION SPECTROSCOPY AND
CONSIDERING THE MOISTURE CONTENT: A COMPREHENSIVE STUDY ................ -76 -
5.4. ESTIMATION OF SMOKERS’ EXPOSURE TO MERCURY FROM COMBUSTIBLE
TOBACCO PRODUCTS, BASED ON THE APPROACH USED IN FOOD CONSUMERS’
EXPOSURE ESTIMATION ....vviiiiiiiuriieeeeeiitreeeeeeeiiureeeeeeesareeeeeesinsseseeesisseseeesensseeens -85-
5.5. ASSESSMENT OF TOXICITY ASSOCIATED WITH INHALATION OF POTENTIALLY
ToxIC ELEMENTS PRESENT IN COMBUSTIBLE TOBACCO PRODUCTS: CIGARS, PIPE
TOBACCO, BIDIS AND CIGARETTES - AN EVALUATION OF RISK ASSESSMENT

LSSUES et -94 -
BIBLIOGRAFIA -117 -
LISTA OSIAGNIE('I NAUKOWYCH -129 -

STAZE NAUKOWE: ...ceiiittiieeeeeeitieee e eetiaee e eeeetee e e e eeetaeeeeeeeeaaaeeeeeeeareaeeeeeenranens -129 -

AKTYWNOSC KONFERENCYINA: ....cvviieiieeeeieeeeereeeeneeeeeeeeeeeneeeeeneeeennneeeenneens -129 -

RECENZIE: ..ottt e et eeetaae e e e e -129 -

-12 -



el R
4P|‘:§‘
Gl+

-
FACULTY OF
CHEMISTRY

Rozdziat 1

GDANSK UNIVERSITY
OF TECHNOLOGY

1.1. Wstep

1.1.1. Wyroby tytoniowe — historia 1 zagrozenia

Historia uprawy i konsumpcji tytoniu si¢ga czasow przedkolumbijskich,
kiedy to roslina ta byla dobrze znana i szeroko stosowana przez rdzennych
mieszkancow obu Ameryk [1-3]. Tyton (Tyton szlachetny, nicotiana tabacum L.,
Tyton bakun nicotiana rustica L.) odgrywal bardzo wazna role w zyciu spolecznym
i obrzedach religijnych oraz praktykach leczniczych ludéw zamieszkujacych tamte
rejony [1-3]. Rdzenni Amerykanie zauwazyli jej wunikalne wlasciwosci
psychoaktywne 1 lecznicze, co potwierdzaja liczne zapisy etnograficzne
i archeologiczne. Dowody archeobotaniczne sugeruja, ze roslina tytoniu byta
uprawiana i palona przez cywilizacje prekolumbijskie na dtugo przed przybyciem
Europejczykow do Nowego Swiata [2,3].

Z perspektywy europejskiej, tyton stal si¢ znany dopiero po odkryciu
Ameryk przez Krzysztofa Kolumba w 1492 roku [1-3]. W dzienniku z wyprawy
Kolumb podaje (thum.): ,,(...) mezczyzni i kobiety z na wpol wypalonym zielem w
rekach, bedgcym ziolem, ktore majg w zwyczaju pali¢” [3,4]. Wedhug relacji
pierwszych kolonizatorow, tyton byt szeroko stosowany przez rdzennych
Amerykanow w formie palonej lub zutej [2,3]. Plemiona Ameryki Poétocnej
stosowaly tyton glownie w postaci spalanej, tlac go w ceremonialnych fajkach,
czgsto podczas obrzedow religijnych oraz spotkan dyplomatycznych [2,3]. Z kolei w
Ameryce Srodkowej i Potudniowej dominowata konsumpcja tytoniu poprzez palenie
zwinietych lisci, co stanowilo pierwowzor dzisiejszych cygar [3]. Obie te formy
konsumpcji byly §cisle zwigzane z kulturg i rytuatami rdzennych mieszkancow tych
obszaréw, a ich rozpowszechnienie przyczynito si¢ do trwatego zakorzenienia
tradycji palenia w kulturze europejskiej po kolonizacji obu Ameryk [3].
Zrdznicowanie regionalne formy wyrobu preferowanej przez rdzenne plemiona w
zalezno$ci od rejonu sprawito, ze to Anglicy, koncentrujacy si¢ na odkrywaniu
Ameryki Pétnocnej, gdzie powszechniejsze bylo palenie fajki, zaadaptowali wlasnie
te forme palenia tytoniu, podczas gdy Hiszpanie, koncentrujacy si¢ na odkrywaniu
Ameryki Srodkowej i Potudniowej, od miejscowej ludnosci przejeli palenie
wyrobow w formie zwinigtych lisci — czyli prekursora dzisiejszych cygar [3].

Jak wiele innych uzywek, tyton zostat doceniony w Europie bezposrednio
Iub niedlugo po powrocie Krzysztofa Kolumba z jego pierwszej wyprawy do
Nowego Swiata [3]. Szybko zyskat popularno$é na europejskich dworach, gdzie byt
poczatkowo traktowany jako egzotyczna roglina z tzw. ,,Nowego Swiata” i jeden
z wielu atrybutow, ktérym okazywano zamozno$¢ [3]. Z kolei jednym z pierwszych
europejskich orgdownikoéw palenia tytoniu byt francuski dyplomata i lekarz Jean
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Nicot de Villemain, ktory w XVI wieku wprowadzit tyton na dwor Krélowej Francji
Katarzyny Medycejskiej [3]. Nicot przedstawil tyton jako lek na migreny krolowe;j,
co doprowadzito do szybkiego rozpowszechnienia tej ro§liny w kregach arystokracji
francuskiej [3]. Jego zaangazowanie w popularyzacje tytoniu zostatlo uhonorowane
nazwaniem glownego alkaloidu wystepujacego w tej roslinie - nikotyny — od jego
nazwiska [3].

Poczatki palenia tytoniu w Europie zwigzane sa wlasnie z uznaniem jego
wlasciwosci za lecznicze, odkazajace, przeciwbolowe i rozluzniajace co sprawialo,
ze stosowano go w leczeniu chorob uktadu oddechowego oraz jako $rodek na
rozmaite dolegliwosci [2]. Niemniej jednak, wraz z uptywem czasu i postgpem nauki,
zaczgto dostrzega¢ negatywne skutki zdrowotne wynikajace z konsumpcji tytoniu,
co zapoczatkowato proces regulacji prawnych dotyczacych produkcji i sprzedazy
wyrobow tytoniowych [2,3]. Wyniki badan naukowych, zaréwno analizy
chemicznej, jak rowniez wyniki medycznych badan studium przypadku palacza,
dostarczaly kolejnych dowodow na toksyczny wptyw dymu tytoniowego [1-3,5-15].

Rownolegle postgpowata ewolucja wyrobow tytoniowych, ktéra byla
procesem dlugotrwalym i1 wieloetapowym, zmiennym ze wzgledu na zmienne
preferencje konsumentow [3]. Tyton byt rowniez szczegélnie podatny na jego
globalizacj¢, przede wszystkim z uwagi na uzalezniajacy charakter konsumpcji, co
sprzyjalo zaszczepianiu nalogu na kolejnych obszarach Ziemi [3]. Z uwagi na
potrzebe regularnego stosowania, konsumenci popularyzowali zazywanie tytoniu, co
konsekwentnie wzmagato popyt i w napedzato podaz. Uzywka znalazta rzesze
wielbicieli na catym $wiecie, tyton zaczat by¢ uprawiany i produkowany wszedzie,
gdzie byto to mozliwe [3]. Pierwotne metody konsumpcji tytoniu, takie jak palenie
go w fajkach czy zwijanie lisci, szybko ewoluowaly w bardziej zlozone formy,
w miarg jak rosto zapotrzebowanie na nowe produkty [3,7,14,16—18]. Szczegdlne
znaczenie odegraly procesy fermentacji i lezakowania tytoniu, ktore Europejczycy
zaimplementowali na wzor technik stosowanych w produkcji wina, piwa lub
przetworstwa zywnosci [19-22]. W konsekwencji uzyskano znane dzisiaj spektrum
wyrobow tytoniowych.

Wzrost produkcji tytoniu, odpowiadajacy wzmozonemu popytowi,
doprowadzil do rozwoju catego przemystu tytoniowego, ktéry niejednokrotnie byt
jednym z filar6w gospodarki wielu krajow, zwlaszcza terenéw kolonialnych [3,23—
25]. To w XIX i XX wieku powstawaly nowe rodzaje wyrobow tytoniowych,
z ktorych wigkszos¢ stanowily produkty spalane [3,26]. Wraz z wynalezieniem
maszyny do wyrobu papierosow, te zyskaly na popularnosci wypierajac cygara lub
fajke tradycyjna, jako ich tansza alternatywa [27]. Wyroby konsumowane poprzez
wdychanie dymu, nazywane profesjonalnie spalanymi wyrobami tytoniowymi, ang.:
wcombustible tobacco products” (CTPs), obejmuja dzisiaj takie produkty jak na
przyktad papierosy, cygara, fajki tradycyjne (cho¢ tyton do fajek tradycyjnych) oraz
nowoczesne formy wyrobow tytoniowych [7,26,28]. Do tej grupy zalicza si¢ rOwniez
takie CTPs, ktore nie wymagaja faktycznego spalania tytoniu w celu uzyskania
dymu, co rodzi pewne, poruszone pdzniej, problemy nomenklatury [26]. Co istotne,
réwniez dla uzasadnienia podj¢cia badan przedstawionych w tej pracy, wymienione
produkty sa popularne przede wszystkim z perspektywy: potnocno-amerykanskiej
i europejskiej [29]. W Azji réznorodno$¢ wyrobdéw jest znacznie wicksza, a
papierosy wcale nie zawsze s3 najpopularniejszym CTP. Dlatego populacj¢ probek
w tej pracy urozmaicono rzadko badanym, ale najpopularniejszym w Indiach CTP —
bidi [6,16,30].
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W latach 90’tych, po dziesi¢cioleciach dominacji papieroséw na
potnocno-amerykanskim i europejskim rynku tytoniowym wyrobow z rodziny CTPs,
zaobserwowano gwattowny wzrost konsumpcji cygar. Przyczyng okazalo si¢ by¢
pojawienie magazynu ,,Cigar Afficionado”, ktéry popularyzowat palenie cygar [31—
33]. Kolejnym powodem wzrostu popytu na cygara (lub wyroby klasyfikowane jako
cygara) byt fakt, ze w $wietle przepisow niektorych krajow, cygara nie byly objete
restrykcyjnymi przepisami narzuconymi na papierosy [34]. Wsrod tych przepisow
wymieni¢ nalezy zakaz sprzedazy papierosow aromatyzowanych (co miato by¢
atraktorem dla mlodziezy i sprzyja¢ inicjowaniu uzaleznienia od nikotyny
w mtodszych grupach spolecznych) oraz zakaz oferowania papieroséw o mniejszej
zawartosci nikotyny jako ,lekkie” lub ,ultralekkie” (ang. ,light” lub ,ultralight”)
[34-38].

Kolejne regulacje maja sprzyjaé promocji rzucania palenia oraz
uniezaleznienia si¢ od zazywania nikotyny [7,34-39]. Choroby zwigzane z paleniem
wyrobow tytoniowych odpowiadaja za okolo 7-8 milionéw zgondw rocznie (wg.
Swiatowej Organizacji Zdrowia, ang. ,,World Health Organization” (WHO)) na
catym $wiecie bedac tym samym jednym z najwigkszych zagrozen dla zdrowia
publicznego [7,31,39—45]. Fakt ten doprowadzit do powstania dedykowanych grup
w obrgbie WHO zajmujacych si¢ problematyka zwigzang z paleniem wyrobow
tytoniowych, tj.. WHO Study Group on Tobacco Product Regulation (TobReg),
WHO Framework Convention on Tobacco Control (FCTC) and WHO Tobacco
Laboratory Network (TobLabNet) [40,41,46]. Proces spalania tytoniu generuje
emisj¢ tysigcy substancji chemicznych, z ktérych wiele jest znanych jako
potencjalnie toksyczne, mutagenne lub kancerogenne [8-10,12,47-51]. Nie sposob
omoéwi¢ wszystkich toksyn wystegpujacych we wszystkich rodzajach CTPs w tej
jednej pracy, tym bardziej, ze nie jest to jej temat. Tematyke tej pracy zawezono do
potencjalnie toksycznych pierwiastkow (PTEs, ang. ,potentially toxic elements™)
w niektorych CTPs, z naciskiem na produkty nie papierosowe. W Rozdziale 3
przedstawiono uzasadnienie, dlaczego w omawianej pracy skupiono si¢ na wybranej
populacji probek oraz PTEs sposrdd wachlarza toksycznych substancji
wystepujacych w CTPs.

W kontekscie narazenia konsumentow na PTEs, szczegdlng uwage nalezy
zwroci¢ na specyfike konsumpcji CTPs. Spalanie tytoniu stwarza szczegdlne
zagrozenie z uwagi na mechanizm narazenia i ekspozycj¢ wrazliwego na toksyny
uktadu oddechowego cztowieka. Nalezy zauwazy¢, ze proces spalania stwarza
korzystne warunki emisji toksyn [44,52,53]. Podwyzszona temperatura moze
powodowac rowniez przemiang chemiczng zwigzkoéw w tytoniu. Uwolnione toksyny
sa wdychane do organizmow palaczy i 0sob postronnych wraz z dymem [49]. Ten
wdychany jest do jednego z najbardziej wrazliwych uktadow w organizmie - uktadu
oddechowego [49]. W pecherzykach plucnych, gdzie dochodzi do przyswajania
sktadnikow wdychanego powietrza z krwia, toksyny pokonuja barier¢ organizmu
trafiajac do krwioobiegu i za jego posrednictwem moga by¢ dostarczone do
praktycznie kazdego narzadu [49]. Taka bezposrednia ekspozycja na toksyny,
w polaczeniu z wysoka wrazliwoscia i podatno$cia pgcherzykow ptucnych na ich
wchianianie sprawia, ze spalane wyroby tytoniowe sa wyjatkowo niebezpiecznym
zrodtem ekspozycji w otoczeniu czlowieka. Ponadto, nikotyna jest zwiazkiem
uzalezniajacym [7,8,27]. To z kolei sprawia, ze konsumpcja CTPs staje si¢ regularna,
a wigc narazenie jest, de facto, chroniczne. Chociaz narazenie na toksyny zawarte
w CTPs wystepuje jedynie w momencie ich konsumpcji, palacze efektywnie sa
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narazeni przez caty okres aktywnego palenia, co czgsto oznacza praktycznie cale
zycie. Na podstawie licznych dowodoéw medycznych wykazano, ze przewlekle
palenie CTPs prowadzi do rozwoju licznych schorzen, w tym przede wszystkim
nowotworow ptuc, choréb uktadu sercowo-naczyniowego, przewlektej obturacyjnej
choroby pluc (POChP), nowotworéw (w tym nowotworéw pluc) oraz innych
powaznych schorzen uktadu oddechowego [7,8,10-12,29,31,33,40,44,48,51,54-57].
Jest to bezposredni skutek obecnosci w dymie tytoniowym kancerogennych
i niekancerogennych substancji chemicznych, wérod ktorych sg rowniez PTEs.

Pomimo faktu, ze zagrozenia zwigzane z paleniem sa powszechnie znane,
wyroby tytoniowe s tatwo dostgpne na rynku i powszechnie stosowane [31,58,59].
W wielu krajach wprowadzono wprawdzie pewne ograniczenia dotyczace sprzedazy
i reklamy papieroséw, jednak czesto dotycza one semsu stricto papieroséw [34—
37,60]. Znanym przykladem jest wspomniane wczesniej wprowadzenie zakazu
nazywania papierosow jako ,Jight” lub ,ultralight” [35,37]. Jednak inicjatywa
wprowadzenia takich wyrobéw o mniejszej, z zalozenia, szkodliwosci, odpowiadata
na zwigkszajaca si¢ Swiadomos$¢ spoteczna dotyczaca niebezpieczenstw zwigzanych
z paleniem CTPs [61,62]. Wyroby te miaty by¢ postrzegane przez konsumentoéw jako
,»zdrowsza alternatywa” dla papieroséw konwencjonalnych [62]. W ostatnich latach
pojawily si¢ takze nowe formy wyrobow tytoniowych, takie jak systemy
podgrzewajace tyton lub ekstrakty tytoniowe, znane jako produkty HNB heat-not-
burn (HNB) [9,26,48,62]. Systemy te, cho¢ promowane jako mniej szkodliwe, wcigz
niosa za sobg zagrozenie dla zdrowia, szczegélnie w kontekscie dtugotrwatego
narazenia na szkodliwe substancje chemiczne [9,26]. Emitujg one wprawdzie mnie;j
toksyn, jednak w znacznym stopniu promuja palenie, rowniez wsrod mtodziezy
[9,63,64]. Wiele z ekstraktow uzywanych w tego typu wyrobach jest smakowych
[36,38,48,60]. Innowacyjna forma i nowoczesny marketing przyczynily si¢ do
popularnosci palenia takich produktow wsrod mlodszych grup spolecznych, co
sprzyja rozwojowi nikotynizmu w tych grupach i stanowi powazny problem dla
szeroko pojetego zdrowia publicznego.

Liczne przypadki medyczne na przestrzeni dziesi¢cioleci potwierdzity, ze
spektrum choréb wynikajacych z konsumpcji CTPs jest szerokie, a samo
uzaleznienie ma $miertelne konsekwencje i co roku przyczynia si¢ do ok. 7-8
milionéw zgondéw ludzi na catym $wiecie [2,6,7,15,31,45]. Brakuje jednak danych
szczegotowych na temat wptywu poszczegdlnych sktadnikéw dymu przyjmowanych
w postaci inhalowanej na organizm czlowieka. Wsrdd nich waznym zagrozeniem
jest narazenie na PTEs, jako ze tyton posiada zdolno$¢ bioakumulacji metali cigzkich
ze $rodowiska [12,65,66]. Palenie moze prowadzi¢ do dekompozycji zwiazkéw
metaloorganicznych lub komplekséw PTEs i emisji wolnych pierwiastkow, lub ich
lotnych zwigzkéw do dymu [9,53,66]. O ile jednak opracowano metody szacowania
narazenia konsumentéw wyrobow spozywczych na toksyny w nich zawarte, o tyle
wcigz brakuje spojnej metody szacowania narazenia konsumentéw CTPs na toksyny
zawarte w dymie [9,53,67]. Konsekwencja tego jest brak jednoznacznie okreslonego
niebezpiecznego poziomu zawartosci PTEs w CTPs oraz sposobu szacowania
narazenia konsumentoéw na PTEs [44,68].
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1.1.2. Rodzaje wyrobéw tytoniowych

Najstarszymi znalezionymi artefaktami zwigzanymi z konsumpcja tytoniu
s3 te zwigzane z zazywaniem tabaki, dlatego przypuszcza sig, ze to ona wtasnie byta
historycznie pierwsza metoda konsumpcji tytoniu [2,18]. Pézniej, rdzenne ludy
Ameryk zaczely tyton takze pali¢, zu¢, pi¢ w postaci naparu, spozywac albo stosowac
w postaci masci (w celu eliminacji insektow) [2,18]. Rosling tytoniu doceniono ze
wzgledu na jej wlasciwos$ci przeciwbolowe, antyseptyczne i owadobojcze [2].

Wyroby tytoniowe, chociaz niemal wszystkie wytwarzane sa z jednego
rodzaju ro$liny: Nicotiana tabacum L., mozna sklasyfikowa¢ na kilka réznych
sposobow: ze wzgledu sposdb konsumpcji, forme lub ze wzgledu na pochodzenie
[2,7,18,69]. Podzial ten schematycznie i ogdlnie przedstawiono na Rysunku 1, nie
uwzgledniono na nim jednak wszystkich istniejacych wyroboéw. Ze wzgledu na
sposob konsumpcji wyroby tytoniowe podzieli¢ mozna na dwie gtdéwne grupy, ktére
pozostaja niezmienne od samego poczatku stosowania tytoniu przez cztowieka, sa
to: bezdymne wyroby tytoniowe (ang. ,,smokeless tobacco products” - STPs)
i spalane wyroby tytoniowe [70]. STPs to wyroby to konsumpcji, ktorych nie jest
stosowana podwyzszona temperatura. Nikotyna w nich jest wchtaniana przez
bezposredni kontakt wewngtrznego nabtonka z wyrobem, kiedy ten jest np.
przyjmowany poprzez zaciagnigcie przez nos rozdrobnionych na proszek lisci
(tabaka), zuty (tyton do zucia), lub np. umieszczany w specjalnym woreczku w jamie
ustnej (np. typowe w Skandynawii wyroby ,,snus”) [70]. Zwiazki zawarte w tytoniu,
a w szczegolnosci nikotyna, s3 wowczas wchlaniane przez nablonek wewnetrzny
i dostaja si¢ do krwioobiegu [70]. Absorpcja nikotyny i innych zwigzkow z wyrobow
CTPs nastepuje natomiast z frakcji gazowej wdychanej do ptuc osoby palacej lub
0s0b postronnych [18,69,70]. Aby zainicjowa¢ emisj¢, produkt podpala si¢ we
wlasciwym miejscu tworzac strefe zaru [26]. Tyton osigga w tym miejscu
temperature nawet 700-950°C, ktéora powoduje piroliz¢ wielu zwigzkoéw
organicznych [26]. Temperatura doprowadza do emisji zwigzkoéw, w tym nikotyny,
do przeptywajacego przez nig powietrza, a powstaly aerozol jest nastgpnie wdychany
przez palacza [18,26,70]. Na Rysunku 2 przestawiano schematycznie przekrdj
podtuzny przez zarzace si¢ cygaro, obrazujac te zasade dziatania CTPs, a w rozdziale
1.1.3. doktadniej opisano charakterystyke konsumpcji CTPs. W tej pracy nie
poruszono tematyki narazenia konsumentéw STPs, w zwigzku z czym te wyroby nie
zostaty w niej doktadniej opisane.
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Rysunek 1. Ogolny schemat podzialu dostgpnych na rynku wyrobow
tytoniowych. Zaznaczono wyroby, ktore przebadano w tej pracy. Bardziej
szczegblowy opis wyrobow CPTs przedstawiono w dalszej czesci pracy. Wyroby
STPs zostaty przedstawiono wylacznie pogladowo. [46,58,71].

Papierosy to wcigz jeden z najpopularniejszych CTPs. Skladaja si¢
z bibuly, tytoniu i filtra wykonanego z octanu celulozy a ich konsumpcja nastgpuje
na drodze spalania tytoniu wraz z papierem i inhalowaniu dymu przez filtr [26,72].
Temperatura zaru moze osigga¢ nawet 700-950°C [26]. W 1992 r. papierosy
stanowity 95% wszystkich wyroboéw tytoniowych konsumowanych w Stanach
Zjednoczonych [18]. W 2017 i 2018 liczba sprzedanych w tym kraju papieroséw
przekraczata 200 miliardow sztuk [73]. To wynalezienie maszyny do produkcji
papierosow oraz zapatek jako przenosnego zrodla ognia, a nastgpnie II Wojna
Swiatowa spopularyzowaty ten produkt [18,27]. Poczatkowy popyt na papierosy
dobrze obrazuje fakt, ze w 1909 r. trzecim najwigkszym przedsigbiorstwem
w Stanach Zjednoczonych Ameryki Poéinocnej bylo, produkujace papierosy,
Tobacco Trust.

Kretek, czy tez papierosy gozdzikowe, to wyrdb pochodzacy z Indonezji.
Zawierajg one ciemny lub jasny tyton i nawet do 40% gozdzikow, czyli wysuszonych
pakow kwiatowych Czepatki pachnacej (syzygium aromaticum (L.) Merr. & Perry).
Mieszanka zyskata popularnos¢, kiedy do wyrobu papieroséw w Indonezji
stosowano ciemny tyton z lokalnych plantacji, szczegdlnie draznigcy dla gardta.
Gozdziki poprawiaty aromaty dymu oraz emitowaty do dymu eugenol, anestetyk
obecny w gozdzikach. Obecnos¢ $rodka znieczulajacego umozliwiata inhalowanie
draznigcego dymu [18]. Papierosy gozdzikowe moga zawiera¢ znacznie wigcej
substancji smolistych i nikotyny [18,74].
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Bidi (beedi/beeri/bidee) to smukte, rgcznie zwinigte papierosy bez filtra
[1,7,30]. Zawieraja relatywnie niewiele lokalnego tytoniu, suszonego na stoncu
i owini¢te sa suszonym tzw. tendu leaf (Diospytos melanoxylon Roxb.), a strukturg
dodatkowo zabezpiecza bawetniany sznurek [75]. Tendu Leaf moze stanowi¢ nawet
60% masy bidi. Aromat i tyton stosowany w tych wyrobach rozni si¢ od tego znanego
z papierosow [16,76]. Wykazano, ze palenie bidi generuje trzy razy wigcej tlenku
wegla(Il), zawieraja wigcej nikotyny oraz okoto pig¢ razy wigcej substancji
smolistych niz konwencjonalne papierosy. Wymagaja tez bardziej intensywnych
zaciagnie¢, zeby utrzymac zarzenie produktu. Konsekwencja tego jest wigksze niz w
przypadku papierosow, obciazenie ptuc palacza. Chociaz produkt ten jest mato znany
np. w Europie, konsumpcja bidi w Indiach wynosi okoto 53% sposrod wszystkich
konsumowanych tam wyrobdw tytoniowych, podczas gdy papierosow zaledwie 19%
[16,77].

Kawung to rodzaj azjatyckich papieroséw wykonanych z lokalnie
produkowanego tytoniu, owinigty liSciem arengi pierzastej (Arenga pinnata Merr.).
Ze wzgledu na niska cene¢ jest on powszechny wsrod osdb niezamoznych jako
najtanszy dostgpny na rynku CTP [78,79]. Dhumti to rodzaj cygara zrobionego
z tytoniu zawinigtego w 1is¢ chlebowca réznolistnego (Atrocarpus heterophyllus
Lam.) [80]. Ten CTP jest niekiedy palony odwrotnie, i.e. zarzacy si¢ koniec
umieszczany jest przez palacza w ustach [81]. Birmanskie cheroots to 15
centymetrowe wyroby z grubo cigtego tytoniu, owinigte wysuszonym, jasnym
lisciem areki (Areca catechu L.). Badania wykazaly, ze zawartos¢ tlenku wegla(Il)
w dymie z cheroots i nikotyny sa wyzsze niz w dymie papierosow sprzedawanych
w Wielkiej Brytanii [82].

Cygara to jedna z form CTPs konsumowana przez rdzennych
mieszkancow Ameryk w czasach, kiedy odkryli je Europejczycy. Sa to cylindryczne
wyroby w calosci wykonane z li§ci tytoniu. We wspotczesnych cygarach wlasciwych
wyroznia si¢ trzy warstwy w przekroju poprzecznym: filler (~94% masy wyrobu),
binder (~4%) i wraper (~2%) [33]. Grupa cygar, jak zobrazowano na Rysunku 1,
obejmuje wlasciwe cygara nazywane w literaturze ,Jlarge cigars”, cygaretki
,cigarillos” czyli produkty mniejsze, czesto wykonane ze $cinkdéw i odpadow
powstalych podczas produkcji large cigars, oraz wyroby okreslane jako ,little
cigars” ktore sa wielko$ci papierosow, zwykle posiadaja filtr i owinigte sg liSciem
tytoniu, lub papierem zawierajacym tyton [33,83]. Ostatnie z tych wyrobow
przypominaja wygladem bardziej papierosy niz cygara, dlatego na Rysunku 1
sklasyfikowano je w obydwu tych zbiorach CTPs. Ich opracowanie i popularyzacja
sg $cisle zwiagzane z definicjami i regulacjami prawnymi w Stanach Zjednoczonych
Ameryki Pélnocnej, ktore dotyczyly papierosow i cygar [34]. Zgodnie z definicja
papierosy sa ,tytoniem zrolowanym w papierze lub innej substancji niezawierajgcej
tytoniu” (ang. ,.a roll of tobacco wrapped in paper or any substance not containing
tobacco.”), natomiast cygara: ,,tytoniem zrolowanym w liciu tytoniu, lub w innej
substancji zawierajacej tyton” (ang.: ,.a roll of tobacco wrapped in leaf tobacco or in
a substance that contains tobacco.”) [59,84]. W 2009 r. agencja Food and Drug
Administration (FDA) zostata upowazniona do wprowadzenia regulacji dotyczacych
papierosow, STPs i tytoniu shag. Regulacja wycofala sprzedaz papierosow
smakowych oraz ograniczyla wielkosci opakowan produktéw. Zaskakujaco, bo az
do 2016 r. FDA nie regulowata sprzedazy cygar. Wespot z czesto preferencyjnymi
warunkami podatkowymi dla cygar, stworzylo to atrakcyjniejsze warunki dla
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powstania CTPs, ktore, de facto, sa papierosami, ale owinigtymi lisciem tytoniu lub
papierem zawierajacym tyton [34,85].

Tyton fajkowy przeznaczony jest do spalania w odpowiednio
przystosowanych fajkach. R6znia si¢ one w zaleznosci od rejonu $wiata, a co za tym
idzie — r6znig si¢ rowniez rodzaje dedykowanych do nich tytoni. Zwykle wystepuja
one w postaci wstazek lub wiokien, ktére musza mie¢ wiasciwa wilgotnosé
i wielkos¢, dzigki czemu w kominie fajki (komorze spalania) tyton uktada si¢
z zachowaniem niezbg¢dnego ciggu [86]. Fajka tradycyjna (z europejskiego punktu
widzenia) wykonana z drewna, ceramiki, uwodnionego krzemianu magnezu lub
innych materialow, sktada si¢ z komina i ustnika [86]. Pali si¢ w niej odpowiednio
pocigte tytonie lub ich mieszanki (tzw. ,,blendy”) [86]. Pewna Indyjska odmiang fajki
tradycyjnej jest chillum, jest to 10-15 cm gliniany stozkowy kominek o otwartym
wierzchotku i podstawie [80]. Fajka ta jest zwykle palona w pozycji wertykalnej
i zawiera filtr z kawatka wilgotnej tkaniny [80]. Odmiang arabska tytoniu fajkowego
jest dokha, czyli tyton palony w fajce midwakh, popularnej w rejonie Zatoki Perskiej,
szeroko uzywanej w Zjednoczonych Emiratach Arabskich (UAE) [87]. Fajka sktada
si¢ z trzech elementow: komory spalania, przewodu dymnego i ustnika [87]. Dokha
to blend tytoniu z kora, ziotami, przyprawami, suszonymi kwiatami lub owocami,
posiadajacy wysoka zawarto$¢ nikotyny, nawet pig¢ razy wigksza niz zwyktly
papieros [87]. Komora spalania midwakh miesci okoto 0,5 g dokha, co pozwala na
okoto 1-2 zaciaggniecia [87]. Japonska fajka, kiseru to przyrzad budowa zblizony do
midwakh, prosty i sktadajacych si¢ z typowych trzech elementow: metalowej komory
spalania, przewodu dymnego i ustnika [88—90]. Przeznaczona jest do palenia tytoniu
kizami, czyli tytoniu pocigtego na kilkucentymetrowe, nitkowate widkna [88—90].
Rowniez fajki posiadajace filtr wodny, tzw. fajki wodne, mozna sklasyfikowaé
w tym zbiorze. Stanowig one jednak osobng grup¢ z uwagi na wspomniany
specyficzny filtr. Z Wietnamu pochodzg fajki wodne stuzace do palenia nicotiana
rustica L. - thuoc lao [91-93]. Dym tytoniowy z komory spalania dociera do
organizmu palacza po przej$ciu przez warstw¢ wody, jednak co bardzo wazne,
w tych wyrobach dochodzi do spalania tytoniu, co nie ma miejsca w podobnych,
arabskich wyrobach, w ktorych tyton jest podgrzewany [91-93]. Bardzo znang fajka
wodng jest hookah (shisha), w ktorej stosuje si¢ mokry tyton (mu’assel) [94]. Tyton
mokry charakteryzuje si¢ tym, ze jest mieszanka nie tylko tytoniu o duzej
wilgotnosci, ale takze melasy cukrowej, syropéw owocowych, gliceryny, esencji
i olejkoéw [94]. Sktad mieszanki moze by¢ réznorodny, a palenie jest mozliwe dzigki
rozzarzonemu weglowi spoczywajacemu nad mu’assel, dzigki ktéremu mieszanka
osigga od 50°C najdalej od zrodia ciepta do 450°C najblizej [94]. Shisha znana
réwniez jako ,,hookah”, ,,narghile” lub ,.fajka wodna” jest popularnym urzadzeniem
do palenia w potudniowej Azji i na Bliskim Wschodzie [95]. Jak pokazano na
Rysunku 1, wyrob ten nalezy sklasyfikowa¢ zaréwno w zbiorze fajek, podzbiorze
fajek wodnych, jak rowniez jako wyrob HNB.

HNB to systemy podgrzewajace tyton, zamiast go spala¢. Te zawierajace
odpowiedni ptyn nikotynowy sa nazywane ,,e-papierosami” (od ang. ,,e-cigarettes’)
albo ENDS (od ang. ,.electronic nicotine delivery systems” — , elektroniczne systemy
dostarczajgce nikotyng”) [29]. Wspomniany ptyn sklada si¢ z nikotyny, glikolu
propylenowego, gliceryny i1 réznych dodatkow [29]. Idea przyswiecajaca takim
wyrobom jest osiggni¢cie minimalnej niezbgdnej temperatury tytoniu lub plynu
zawierajacego nikotyng, aby doprowadzi¢ do emisji tego alkaloidu do aerozolu [26].
Wyroby te nie wyczerpuja znamion ,bezdymnych”, wigc nie mozna ich
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sklasyfikowaé jako STPs. Czg$ciowo natomiast wyczerpuja znamiona CTPs,
poniewaz generuja dym pod wplywem podwyzszonej temperatury, lecz jednak nie
na skutek spalania. Sprawia to, ze stanowig osobna grupe wyrobow, lub tez
czg$ciowo naleza do CTPs, co schematycznie zobrazowano na Rysunku 1. Rynek
oferuje szeroka palet¢ réoznych wyrobow HNB, kilka takich produktow
przedstawiono na Rysunku 1 [9,26].

Cygara mozna takze klasyfikowa¢ ze wzgledu na sposob wykonania
(maszynowo lub rgcznie), kraj/rejon pochodzenia lisci oraz sposob przygotowania
tytoniu (sposob i czas prowadzenia procesOw przetwarzania lisci: curingu,
fermentacji lub starzenia) [12]. Najbardziej znanym z produkcji cygar jest rejon
Morza Karaibskiego i Zatoki Meksykanskiej, gdzie warunki klimatyczne sprzyjaja
jego plantacji. Wyrdznia si¢ cygara wykonane z tytoniu pochodzacego np.
z Republiki  Kuby, Republiki Dominikanskiej, —Meksykanskich — Stanow
Zjednoczonych, czy Republiki Hondurasu.

1.1.3. Zagrozenia wynikajace z palenia CTPs

Palenie tytoniu stanowi jeden z najpowazniejszych czynnikow ryzyka
zdrowotnego prowadzac do licznych chorob o charakterze przewlektym i ostrym,
a w konsekwencji takze znacznej liczby zgondéw co roku na catym $wiecie. Dym
tytoniowy jest ztozonym aerozolem skladajacym si¢ z licznych substancji
chemicznych, z ktorych wiele posiada udowodnione dziatanie toksyczne,
rakotworcze, mutagenne oraz teratogenne. Wsrod tych substancji mozna wyrdznic¢
sktadniki organiczne, nieorganiczne i pyt zawieszony [7-12,29,47-50,96]. Zrédtem
tych toksyn jest tyton, jednak moga one by¢ w nim pierwotnie obecne jak np.
nikotyna, lub powstawa¢ w miar¢ palenia (np. tlenek wegla(Il)) [7,9,50].

Zarzacy si¢ koniec CTP generuje temperature dzicki spalaniu materii
organicznej i przeptywowi powietrza wymuszonemu przez palacza [26]. Poniewaz
nawyki palenia sg indywidualne, wielko$¢ strefy spalania lub jej temperatura moga
si¢ rozni¢ [9,40]. W tej strefie dochodzi do pirolizy zwigzkow organicznych i petni
ona funkcj¢ zrédta ciepta dla znajdujacej si¢ dalej strefy destylacji [26]. Temperatura
zaru osiaga wystarczajaca temperatur¢ do generowania np. tlenkow wegla czy
wielopierscieniowych weglowodoréow aromatycznych (WWA) [26,96,97]. Ciepto
przenosi si¢ z zaru w kierunku zgodnym z przeptywem powietrza, a wigc ogrzewa
lisScie wewnatrz produktu do temperatury rzgdu okoto 200-600°C. W strefie
destylacji (z ang. ,distillation zomne”), dochodzi do emisji nikotyny, ktorej
temperatura wrzenia wynosi okoto 250°C. Chociaz ideg palenia wyrobow
tytoniowych jest doprowadzenie do emisji nikotyny, wysoka temperatura oraz
piroliza lisci powoduja emisj¢ rowniez innych zwiazkoéw oraz produktow procesu
spalania [8,9,50]. Temperatura tej strefy znacznie przekracza temperatur¢ wrzenia
nikotyny co sprzyja emisji trudniej lotnych zwigzkow [50]. Nastepnie wyroznia si¢
strefy kondensacji i filtracji w ktorych, za sprawa panujacej tam nizszej temperatury,
dochodzi do kondensacji zwigzkow [26]. W miar¢ przesuwania si¢ zaru podczas
palenia, strefa destylacji rowniez migruje stopniowo obejmujac rejony stref
kondensacji i filtracji, co doprowadza do emisji wcze$niej skondensowanych tam
zwigzkow [26]. Strefy te zobrazowano schematycznie na Rysunku 2.
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Rysunek 2. Schemat przekroju poprzecznego przez zarzace si¢ cygaro
z zaznaczeniem odpowiednich stref. Wielkos¢ stref na schemacie nie obrazuje
rzeczywistej ich wielkosci.

Na Rysunku 2 schematycznie zobrazowano dziatanie, de facto, niemal
kazdego CTP. Mechanizm pozostaje niezmienny, pomimo roznic konstrukcyjnych
miedzy roznymi CTPs [26,72]. Na przyklad, w cygarach, fajce tradycyjnej lub bidi
nie wyréznia si¢ osobnego filtra, t¢ funkcj¢ petnig liscie na przeciwnym do zaru
koncu wktadu [33,83]. Papierosy i little cigars posiadaja natomiast dedykowany filtr
wykonany zwykle z octanu celulozy. Z kolei cygara tradycyjne charakteryzuja si¢
budowa warstwowa w przekroju poprzecznym (co schematycznie uwzglgdniono na
Rysunku 2, sg to tzw.: Wrapper, Binder i Filler, co opisano wczesniej), co odroznia
je od pozostatych wyrobow, rowniez w obrebie samej grupy cygar [33,83]. Wsrod
innych réznic nalezy wymieni¢ heterogeniczne liScie wyrobow takich jak np. bidi
[1,7,30]. Duze, tradycyjne cygara wykonane sg z duzych kawatkéw lisci tytoniu,
podczas gdy w bidi i papierosach sa to drobne wstazki, a w fajkach tradycyjnych
(wariancie europejskim) najczgsciej wieksze wstazki [1,30,33,83,86]. Roznice
w wielkoséci wyrobow, sposobie konsumpcji, rodzaju i formy wkiadu lisci tytoniu
powoduja, ze produkty réznig si¢ rowniez np. w zakresie osigganych przez zar
temperatur podczas palenia. Wiele jednak zalezy rowniez od indywidualnych
nawykow palenia konsumentdéw, np. czestotliwos$ci i mocy zaciagnieé, przez co
doktadne sparametryzowanie temperatury palenia poszczegolnych wyrobow staje si¢
niemozliwe [40]. Roznice te nie wptywaja jednak na jednoznaczne sklasyfikowanie
tych produktow jako CTPs.

Od grupy wyrobow tytoniowych, ktérych konsumpcja nastgpuje na skutek
inhalacji dymu, najbardziej odbiegaja wyroby typu HNB, dlatego rowniez mozna je
uwazac za osobng grupe produktow. Niezaleznie od rodzaju, nie dochodzi w nich do
spalania tytoniu, a jedynie do podgrzewania go przez odpowiednig grzatke. Jej
temperatura, w zalezno$ci od rodzaju HNB wynosi okoto 250-350°C [26]. To
diametralnie odr6znia HNB od konwencjonalnych CTPs, jest jednym z powodéw
klasyfikowania ich jako osobng grupe wyrobow.

Do tej pory w CTPs i dymie tytoniowym oznaczono niemal 10 tys.
szkodliwych zwigzkéw chemicznych i PTEs, przy czym liczba ta nie uwzglednia
podstawowych sktadnikow tytoniu czy bialek (wigc rowniez enzymow roslinnych)
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[8]. W Tabeli 1 zaprezentowane zostaly przyktadowe toksyny obecne w tytoniu lub
dymie tytoniowym CTPs. Przytoczono tez ich klasyfikacje opracowane przez dwie
agencje zdrowia. Oprocz przedstawionych w tabeli, istnieje wigcej substancji
toksycznych i organizacji je klasyfikujacych. Nalezy zawsze pamigtac, ze zagrozenie
dla zdrowia, efekt toksyczny, bedzie zalezy wielu czynnikow, i.e. od dawki toksyny,
drogi jej podania, formy w jakiej jest przyjmowana, i innych. W Tabeli 1 zawarto
réwniez odpowiednie odnosniki literaturowe.

Tabela 1. Szkodliwe substancje chemiczne zidentyfikowane w tytoniu i dymie
tytoniowym.

Substancja chemiczna Zrodta Klasyfikacja przez agencje
zdrowia [8,12]
1,3-butadien [8,9] Kancerogen, Grupa 1 [ARC*
Izopren [8,9,50] Kancerogen, Grupa 2A TARC
Styren [8,9,50] Kancerogen, Grupa 2A IARC
Benzen [8,9,50] Kancerogen, Grupa 1 IARC
Etylobenzen [8,9,50] Kancerogen, Grupa 2B IARC
Kumen [8] Kancerogen, Grupa 2B [ARC
Benzo[a]piren [8,9] Kancerogen, Grupa 1 IARC
Cyklopenta[c,d]piren [8] Kancerogen, Grupa 2A TARC
Dibenzo[a,h]antracen [8] Kancerogen, Grupa 2A TARC
Dibenzol[a,l]piren [8] Kancerogen, Grupa 2A TARC
Naftalen [8,9,50] Kancerogen, Grupa 2B [ARC
Benz[a]antracen [8] Kancerogen, Grupa 2B IARC
Benzo[c]fenantren [8] Kancerogen, Grupa 2B [ARC
Chryzen [8,9,50] Kancerogen, Grupa 2B IARC
5-metylochryzen [8] Kancerogen, Grupa 2B IARC
Benzo[j]aceantrylen [8] Kancerogen, Grupa 2B [ARC
Benzo[b]fluoranten [8] Kancerogen, Grupa 2B [ARC
Benzo[j]fluoranten [8] Kancerogen, Grupa 2B [ARC
Benzo[k]fluoranten [8] Kancerogen, Grupa 2B [ARC
Indeno[1,2,3-c,d]piren [8] Kancerogen, Grupa 2B IARC
Dibenzo[a,h]piren [8] Kancerogen, Grupa 2B [ARC
Dibenzol[a,i]piren [8] Kancerogen, Grupa 2B IARC
o-toluidyna [8,9] Kancerogen, Grupa 1 IARC
4-aminobifenyl [8,9] Kancerogen, Grupa 1 IARC
2-naftyloamina [8] Kancerogen, Grupa 1 IARC
Hydrazyna [8] Kancerogen, Grupa 2A TARC
Anilina [8] Kancerogen, Grupa 2A TARC
o-anizadyna [8] Kancerogen, Grupa 2A TARC
2,6-dimetyloanilina [8,9] Kancerogen, Grupa 2B [ARC
2-amino-3- [8] Kancerogen, Grupa 2A TARC
metyloimidazo[4,5-f]chinolina
Dibenzo[a,j]akrydyna [8] Kancerogen, Grupa 2A TARC
2-metyloimidazol [8] Kancerogen, Grupa 2B IARC
4-metyloimidazol [8] Kancerogen, Grupa 2B [ARC
Pirydyna [8,9,50] Kancerogen, Grupa 2B [ARC
2-amino-1-metylo-6- [8] Kancerogen, Grupa 2B [ARC
fenyloimidazo[4,5-b]pirydyna
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Chinolina
2-amino-9H-pirydo[2,3-
bJindol
2-amino-3-metylo-9H-
pirydo[4,3-b]indol
3-amino-1,4-dimetylo-5H-
pirydo[4,3-b]indol
3-amino-1-metylo-5H-
pirydo[4,3-b]indol
7H-dibenzo[c,g]karbazol
Dibenzo[a,h]akrydyna
4-(metylonitrozoamina)-1-(3-
pirydylo)-1-butanon
N-nitrozodimetyloamina
N-nitrozodietyloamina
N-nitrozoetylometyloamina
N’-nitrozonornikotyna
N-nitrozopirolidyna
N-nitrozopiperydyna
N-nitrozomorfolina
Tlenek etylenu
Metyloeugenol

Furan

Benzofuran
Formaldehyd

Akroleina

Aldehyd octowy
Aldehyd krotonowy
Chlorek winylu
Pentachlorodibenzofuran
Nitrometan
2-nitropropan
Nitrobenzen
Pirokatechina

Kwas kawowy
Akrylamid

Karbaminian etylu
Acetamid

Octan winylu
Akrylonitryl

Arsen***

Antymon

Bar

[8,9]
(8]

(8]
(8]
(8]

(8]
(8]
(8]

[8,9]
[8,9]
(8]
[8,9]
[8,9]
[8,9]
(8]
[8,9]
(8]
[8,9]
[8,9]
[8,9,50]
[8,9]
[8,9]
[8,9,50]
[8,9]
(8]
[8,9]
[8,9]
(8]

(8]

(8]
[8,9]
(8]
[8,9]
[8,9]
[8,9]
[8,9,12]

[12]

[12]

Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC

Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC

Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 1 IARC

Kancerogen, Grupa 2A IARC
Kancerogen, Grupa 2A IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 1 IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 1 IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 1 IARC
Kancerogen, Grupa 2A IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 1 IARC
Kancerogen, Grupa 1 IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2A IARC
Kancerogen, Grupa 2A IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 2B IARC
Kancerogen, Grupa 1 IARC,
substancja toksyczna wedhug
ATSDR**

Substancja toksyczna wedlug
ATSDR

Substancja toksyczna wedlug
ATSDR
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Beryl [8,12] Kancerogen, Grupa 1 IARC,
substancja toksyczna wedhig
ATSDR

Cyna [12] Substancja toksyczna wedlug
ATSDR

Chrom(IV) [8,9,12] Kancerogen, Grupa 1 IARC,
substancja toksyczna wedhig
ATSDR

Kadm [8,9,12], Kancerogen, Grupa 1 IARC,
substancja toksyczna wedhig
ATSDR

Nikiel [8,9,12] Kancerogen, Grupa 1 IARC,
substancja toksyczna wedhig
ATSDR

Pallad [12] Substancja toksyczna wedlug
ATSDR

Polon-210 [8] Kancerogen, Grupa 1 IARC

Rteé [12] Substancja toksyczna wedlug
ATSDR

Otow [8.9,12] Kancerogen, Grupa 2A TARC,
substancja toksyczna wedhig
ATSDR

Kobalt [8,9,12] Kancerogen, Grupa 2B [ARC,
substancja toksyczna wedhug
ATSDR

Selen [12] Substancja toksyczna wedlug
ATSDR

Srebro [12] Substancja toksyczna wedlug
ATSDR

Wanad [12] Substancja toksyczna wedlug
ATSDR

*Klasyfikacja zwiazkow wg ich potencjalu rakotworczego wprowadzona przez
International Agency for Research on Cancer (IARC), specjalistyczng organizacje
nalezagca do WHO. Grupa 1 — zwiazki rakotworcze dla ludzi, Grupa 2A — zwiazki
prawdopodobnie rakotworcze dla ludzi i Grupa 2B — zwiazki moze rakotworcze dla
ludzi. **Amerykanska agencja zdrowia Agencja ds. Substancji Toksycznych
i Rejestru Chorob (ang. Agency for Toxic Substances and Disease Registry
(ATSDR)). *** Przedstawione pierwiastki zidentyfikowano w tytoniu jako ich
catkowita zawartos$¢, co nie oznacza, ze wystgpowaly w formie wolnej.

Narazenie na toksyny obecne w tytoniu i dymie tytoniowym jest procesem
wieloetapowym, w ktdrym ekspozycja nie ogranicza si¢ do pojedynczego kontaktu,
lecz przybiera charakter przewlekly. Wynika to z samego sposobu konsumpcji
wyrobow tytoniowych, ktory prowadzi do wielokrotnie powtarzajacych si¢ sesji
inhalacji zwiazkow chemicznych obecnych w dymie. Kluczowym elementem
warunkujacym t¢ chroniczno$¢ jest zjawisko uzaleznienia si¢ od nikotyny —
substancji psychoaktywnej dziatajacej jako agonista receptorow nikotynowych
acetylocholiny (ang. ,,Nicotinic Acetylcholine Receptor” nAChR) w mozgu [7].
Mechanizm uzaleznienia opiera si¢ na aktywacji szlaku mezolimbicznego
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prowadzac glownie do zwigkszenia st¢zenia dopaminy w jadrze potlezacym mozgu,
co wywoluje uczucie przyjemnosci [7]. Regularne dostarczanie nikotyny powoduje
adaptacje neurobiologiczne, takie jak zwigkszenie liczby receptoréw nAChR, co
poteguje zapotrzebowanie na kolejne dawki [7]. W efekcie, chociaz palacze
uzalezniajg si¢ pierwotnie od nikotyny, staja si¢ posrednio uzaleznieni od
regularnego wdychania dymu tytoniowego zawierajacego tysiace toksyn, w tym
kancerogeny, takie jak wielopierScieniowe weglowodory aromatyczne czy
nitrozoaminy specyficzne dla tytoniu, sposrod ktoérych przyktadowe przedstawiono
w Tabeli 1. Wedlug danych, w latach 2015-2019 na $wiecie ponad 1,14 miliarda
0s0b palito wyroby tytoniowe, co czyni problem uzaleznienia od nikotyny jednym
z kluczowych wyzwan zdrowotnych na skale globalng [7].

Dym tytoniowy zawiera szeroka game toksycznych zwigzkéw, niektore
z ktorych przedstawiono w Tabeli 1, i ktore przyczyniaja si¢ do rozwoju licznych
choréb przewlektych i ostrych [7-9,12,33,44,50,52]. Dlugotrwale narazenie na
kontakt z tymi substancjami prowadzi do powaznych skutkow zdrowotnych, takich
jak nowotwory uktadu oddechowego i innych narzadéw, choroby uktadu sercowo-
naczyniowego, choroby uktadu oddechowego oraz inne schorzenia przewlekle, ktore
drastycznie obnizaja jako$¢ i skracaja dlugos¢ zycia [7]. Procesy te s3 wzmacniane
przez specyficzny charakter dymu tytoniowego, ktory dostarcza toksyny w formie
idealnej do szybkiego wchlaniania w plucach i transportu do innych narzadéw
[7,9,44,53].

Chociaz uzaleznienie od nikotyny jest pierwotnym czynnikiem
motywujagcym konsumpcj¢ tytoniu, jego skutki zdrowotne wynikaja przede
wszystkim z inhalacji substancji towarzyszacych, ktorych oddziatywanie na
organizm jest destrukcyjne. W efekcie palenie tytoniu pozostaje jednym
z najwigkszych wyzwan zdrowia publicznego na §wiecie [7].

Na szczeg6lng uwage zastuguja potencjalnie toksyczne pierwiastki.
Rosliny Nicotiana tobaccum L. wykazuja zdolnos$¢ do pobierania ze $rodowiska
metali cigzkich, czego skutkiem jest ich obecnos$¢ w lisciach, z ktorych nastgpnie
produkowane s3g wyroby tytoniowe [12,65,66,68]. Sposob konsumpcji CTPs, czyli
poddanie lisci temperaturze si¢gajacej nawet 950°C i wymuszony przeplyw
powietrza, tworzy warunki sprzyjajace pirolizie zwiazkow metali (np.
metaloorganicznych) i ich uwolnienia do postaci gazowej [9,26,53]. Dotyczy to
przede wszystkim tatwiej lotnych metali, takich jak rtg¢ [98,99]. Warto zauwazyc¢,
ze w badaniach nad narazeniem ludzi na rt¢¢ pochodzaca z wydobywania ztota na
mata skale, uwzgledniano, czy badani ochotnicy sa osobami palacymi [98,99].
Zauwazono bowiem, ze palenie jest jednym ze zrddel narazenia na rtg¢ [98,99].
Ponadto palenie tytoniu jest jednym z gtéwnych zrodet narazenia ludzi na kadm [68].
Uwagg przyklada si¢ rowniez do zawartosci w tytoniu arsenu, ktory posiada silne
wlasciwosci kancerogenne nawet w niewielkich dawkach, w zwigzku z czym jego
inhalacja jest szczego6lnie niebezpieczna [8,9,12].

Ocena narazenia konsumentéw na toksyny zawarte w tytoniu i dymie
tytoniowym stanowi wyzwanie, z uwagi na ztozono$¢ analizy dymu jako glownego
zrodta ekspozycji [44,52,53,100-102]. Dym tytoniowy, bedacy produktem spalania
wyrobow nikotynowych, zawiera niemal 10 tysiecy zidentyfikowanych zwigzkow
chemicznych, w tym liczne substancje toksyczne i kancerogenne [8]. Skupienie si¢
na wybranych grupach zwigzkéw organicznych, czastkach statych (ang. ,,particulate
matter” - PM), tlenku wegla(Il), tlenku wegla(IV) lub PTEs, umozliwia jedynie
czg$ciowe poznanie skladu dymu. Za sprawa kondensacji sktadnikéw dymu
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w elementach aparatury do analizy sktadu dymu, jaka niekiedy konstruuja autorzy
publikacji, w filtrach, przewodach lub zaworach, moze zmienia¢ si¢ przeplyw
powietrza [101,102]. Wobec tego konieczne moze sta¢ si¢ zastosowanie
wieloetapowych procesow oczyszczania pozadanej frakcji.

Zasadniczym wyzwaniem pozostaje fakt, ze produkty tytoniowe ro6znia si¢
anatomicznie, nawet w obrgbie tej samej kategorii, co znacznie komplikuje
opracowanie uniwersalnych procedur analizy dymu. Dodatkowo, zmienne nawyki
konsumentow, takie jak czgstotliwo$¢ i intensywnos$¢ zaciagni¢é, wplywaja na
charakterystyke dymu i jego sklad chemiczny [9,40]. Maszyna do palenia
papierosow (ang. ,cigarette smoking machine”), stosowana w badaniach
laboratoryjnych, umozliwia analiz¢ dymu zgodnie z mig¢dzynarodowa norma
Migdzynarodowej Organizacji Normalizacyjnej (ang. ,,/nternational Organization
for Standardization” (ISO)) o numerze ISO 3308:2012, lecz jej ograniczenia sa
zauwazane przez naukowcow [9,40].

Parametry ustawienia maszyn do palenia sg przedmiotem dyskusji
naukowej [9,40]. Stosowane sa np. warunki obejmujace objgto$¢ zaciggniccia
wynoszacg 35 cm’, czas zaciagniecia 2 s oraz odstep 58 s migdzy zaciggnieciami,
zgodnie z norma [SO [9]. Parametry te byty jednak krytykowane za niedoszacowanie
ilosci emitowanych substancji w porownaniu do rzeczywistego uzytkowania
papierosow przez palaczy. Od 1999 roku coraz wigksze poparcie zyskuje
alternatywny rezim testowy stosowany do analizy emisji dymu papierosowego,
opracowany przez kanadyjska agencj¢ zdrowia publicznego ,Health Canada
Intense” (HCI), obejmujacy objeto$¢ zaciagniecia 55 cm?’, czas zaciggnigcia 2 s,
odstep 30 s migdzy zaciggnigciami oraz zablokowane otwory wentylacyjne filtra [9].
Zwigkszona objgtos¢ zaciagnigé, krotsze odstgpy oraz zablokowanie otworow
wentylacyjnych prowadzity do wyzszej emisji dymu w poréwnaniu do warunkoéw
ISO [9]. Cho¢ rezim HCI takze nie w petni odzwierciedla rzeczywista ekspozycje
palaczy, uznawany jest przez wielu za bardziej reprezentatywny niz dane ISO [9].

Dodatkowo, zmienne warunki palenia, takie jak nat¢zenie przeptywu
powietrza przez zarzacy si¢ papieros, maja istotny wptyw na temperatur¢ zarzenia
oraz stosunek emisji dymu bocznego do gléwnego [103]. Te zmienne wplywaja na
trudno$¢ uzyskania spojnych wynikéw analizy. W zwiagzku z tym badacze wyrazaja
zawarto$¢ toksyn w odniesieniu do liczby zaciggnie¢, pojedynczego papierosa lub
prezentuja taczng zawarto$¢ toksyn takich jak PTEs w samym tytoniu
[8,9,12,50,55,57,104]. Takie podejscie umozliwia czgSciowe oszacowanie narazenia
konsumentow wyrobow nikotynowych na toksyny obecne w tych produktach, co
stanowi glowny temat niniejszej pracy. Niemniej jednak, zadne z obecnych podejsé
nie umozliwia prostej, precyzyjnej i zrozumiatej rowniez dla konsumenta
odpowiedzi na pytanie: ,Jak bardzo narazam swoj organizm, palac wyroby
tytoniowe?” [44,68]. Co wiecej, dym tytoniowy nie jest jedynym zréodiem toksyn,
poniewaz toksyczne zwigzki chemiczne moga by¢ réwniez obecne w zywnosci czy
powietrzu [44,67,97]. Dazenie do ujednolicenia metod oceny narazenia
konsumentow na toksyny pochodzace z réznych zrodel jest wigc kluczowe [44].
Wzorujac si¢ na modelu stosowanym w narazeniu konsumentéw zywnos$ci na
toksyny, nalezy okre$lic mas¢ lub obj¢tos¢ materialu dostarczajacego ich
ekwiwalentne dawki, zdolne do wywotania efektu toksycznego [44,67,68].
Pozwolitoby to na poréwnanie réznych zrodet toksyn, umozliwiajac oceng
catkowitego narazenia. Wyroby tytoniowe, ze wzgledu na swoj unikalny sposob

-27-



3 N
VA% P|¥ SA -
Gl+ FACULTY OF
s CHEMISTRY
GDANSK UNIVERSITY
OF TECHNOLOGY

konsumpcji, pozostajg jednym z najwickszych wyzwan w szacowaniu catkowitego
narazenia konsumentow na toksyny pochodzace z réznych zrodet.

Powyzsze zagadnienia zostaly opracowane w cyklu prac, ktore stanowia
podstawe tej dysertacji. Parametry czasopism przedstawiono wedlug stanu na
19 lutego 2025 r. w bazie Journal Citation Reports™. Pierwsza z serii stanowi
publikacja przegladowa:

. Haé, P. J., Ciedlik, B. M., Konieczka, P. Review of cigars and
cigar-type products as potential sources of consumer exposure to heavy
metals, Journal of Environmental Science and Health, Part C: Toxicology
and Carcinogenesis, 40(2) (2022) 172-196 (Q4, IF 1,2). /Czasopismo
zmienito nazwe, pod poprzednia, i.e.: ,.Journal of Environmental Science
and Health Part C-Environmental Carcinogenesis & Ecotoxicology
Reviews” parametryzowane byto w Q2, za 140 punktow ministerialnych/

Ta publikacja, razem ze wstgpami artykutéw naukowych wymienionymi
ponizej wyczerpuje znamiona wstgpu teoretycznego do literatury tematu tej
rozprawy. Wyniki badan wtasnych i wnioski z przeprowadzonych badan wtasnych
sa rowniez zawarte w nizej wymienionych publikacjach. Wszystkie przytoczone pi¢é
prac wlasnych zostato zaprezentowanych w wersjach petnotekstowych, w Rozdziale
5 tej rozprawy.

. Haé, P., Cieslik B., Konieczka P. Oznaczenie rtgci w tytoniu
cygarowym jako wyzwanie analityczne, Analityka: Nauka i Praktyka iss. 3
(2020) 44-51 (nie dotyczy)

. Haé, P., Padariya, C., Cieslik, B. M., Konieczka, P. Evaluation of
mercury content in combustible tobacco products by employing cold vapor
atomic absorption spectroscopy and considering the moisture content: a
comprehensive study, Monatshefte Fiir Chemie 153 (2022) 829-836 (Q3, IF
1,7)

. Haé, P., Rutkowska, M., Cieslik, B. M., Konieczka, P. Estimation
of smokers’ exposure to mercury from combustible tobacco products, based
on the approach used in food consumers’ exposure estimation, Food and
Chemical Toxicology, 181 (2023) 114053 (Q1 IF 3,9)

. Haé, P., Okabayashi, S., Tsuboi, M., Cieslik, B. M., & Konieczka,
P. Assessment of Toxicity Associated with Inhalation of Potentially Toxic
Elements Present in Combustible Tobacco Products: Cigars, Pipe Tobacco,
Bidis and Cigarettes - an Evaluation of Risk Assessment Issues. (2025).
Toxicology. [UNPUBLISHED-ACCEPTED/16/02/2025] (Q1, IF 4,8)

Catkowity IF wszystkich prac sktadajacych si¢ na cykl publikacji w tej
dysertacji to 11,6.
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Rozdziat 2

Cele badawcze

Analiza zawarto$ci PTEs w cygarach, stanowi istotny obszar badan
z uwagi na brak dostgpnej literatury. Gtownym celem prezentowanej pracy byto
opracowanie podej$cia do oceny narazenia konsumentéw na PTEs obecne w tytoniu,
przy rownoczesnym uzupetnieniu brakujgcej literatury na temat zawartosci PTEs
w niepapierosowych CTPs. W prezentowanej pracy wykorzystano techniki
instrumentalne analizy pierwiastkowej wraz z nowatorska adaptacja metoda
szacowania narazenia stosowanego Ww szacowaniu narazeniu konsumentow
produktow spozywczych na potencjalnie toksyczne pierwiastki w niej zawarte.
Osiagnigcie tych celow wymagato realizacji nastgpujacych zadan badawczych:

. Oznaczenie zawarto$ci wybranych PTEs w probkach wyrobéw
tytoniowych - badania te dotyczyly gtownie niepapierosowych wyrobow
tytoniowych, takich jak cygara, Analiza pierwiastkowa byla wstegpem do
oszacowania narazenia konsumentow na wybrane PTEs.

. Opracowanie metody szacowania maksymalnego narazenia
konsumentéw na potencjalnie toksyczne pierwiastki obecne w tytoniu -
metoda ta zostala zaadaptowana z chemii zywno$ci i odpowiednio
dostosowana do specyfiki CTPs z uwzglednieniem ich warunkoéw
uzytkowania. Przyjete podej$cie umozliwia zardowno ocen¢ narazenia na
poziomie pojedynczego produktu jak i poréwnanie wynikow miedzy
réznymi grupami wyroboéw tytoniowych. Metoda obrazuje nowy kierunek
w szacowaniu narazenia konsumentéow CTPs, badania w tej pracy nie
zostaly przeprowadzone holistycznie, to znaczy zawegzono je tylko
wybranej grupy CTPs, jak rowniez tylko do wybranej grupy toksyn.

. Adaptacja opracowanego podejscia analitycznego do oceny
zawartosci PTEs w réznych wyrobach tytoniowych - w tym celu przy
pomocy opracowanej metody szacowania narazenia okre$lono potencjalne
maksymalne narazenie konsumentow wybranych wyrobow tytoniowych na
wybrane PTEs.

Realizacja powyzszych celow umozliwia poglebienie wiedzy na temat
zawartosci toksycznych pierwiastkow obecnych w wyrobach tytoniowych oraz
oceny ryzyka ich konsumpcji. Uzyskane wyniki poszerzaja spektrum dostgpnych
narzedzi, jakze istotnych w szacowaniu ryzyka narazenia konsumentéw CTPs na
zawarte w nich toksyny. Przedstawione w prezentowanej pracy rezultaty stanowia
wazny wktad w rozwdj metod oceny toksykologicznej i ekspozycji konsumentow na
PTEs, oraz potencjalnie inne szkodliwe substancje chemiczne.
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Rozdziat 3

Opis badan

Prac¢ wtasng rozpoczatem z intencja zbadania szacowanego narazenia
konsumentéow wyroboéw tytoniowych na szkodliwe substancje obecne w tych
wyrobach, co przewidywalo wykorzystanie licznych technik analitycznych
w stosunku do szerokiej populacji probek. Jednak kwerenda literatury przedmiotu
zweryfikowata to podejécie obrazujac, jak szeroka grupa produktéw sg ,,wyroby
tytoniowe” (co schematycznie przedstawiono na Rysunku 1). Zdecydowatem si¢
wiec zawezi¢ zakres badan i skupic si¢ na przedstawicielach jednej grupy produktow
o zbieznym modelu konsumpcji — CTPs, zdecydowatem si¢ tez na uzycie nazwy
,.wyroby nikotynowe” w tytule tej pracy.

Wskutek wykonanego przegladu literatury zawezitem pierwotny zakres
pracy do oszacowania narazenia konsumentow cygar, tytoniu fajkowego do fajki
tradycyjnej, papieroséw i bidi. Sa to produkty dostgpne komercyjnie w Polsce,
z wyjatkiem bidi, ktore zostaly dodatkowo sprowadzone do badan w ramach
wspolpracy naukowej. Najszersza grupa produktow badang w tej pracy byly cygara.

Glownym zatozeniem przyjetym w tej pracy bylo, ze badane wyroby
tytoniowe zawieraja PTEs. Niezaleznie od postaci, w jakiej PTEs w tytoniu
wystepuja, temperatura spalania sprzyja ich uwalnianiu w postaci wolnej do dymu,
ktory jest zasysany przez palacza do jego ukladu oddechowego, co stanowi
bezposrednie zrodto narazenia na te pierwiastki. W celu weryfikacji shusznosci tego
zalozenia przeprowadzilem badania wstgpne, ktorych wyniki opublikowatem
w czasopismie Analityka. Nauka i Praktyka. Potwierdzitem, ze cygara zawieraja rtgc,
oraz ze jej zawarto$¢ rozni si¢ nawet w niewielkiej populacji badanych produktow.
Uzyskane wyniki wskazywaly rowniez, ze Hg pochodzgca z tytoniu uwalniana jest
do dymu podczas palenia, oraz ukierunkowaly procedur¢ przygotowania probek
CTPs do analizy.

Nastepnie przeprowadzitem przeglad literatury dotyczacej zawartosci
PTEs w tytoniu cygarowym. Odkrylem przy tym, ze w latach 90. mial miejsce
gwattowny wzrost liczby palaczy, ktéry nie spowodowat ekwiwalentnego wzrostu
naukowego zainteresowania tymi produktami, jak miato to miejsce w przypadku np.
systemow HNB. Poznatem tez spektrum pierwiastkow, ktore autorzy oznaczali
w probkach tytoniu i metody przygotowania probek. Na podstawie zebranych
danych opublikowatem pracg przegladowa.

Na podstawie przegladu literatury i wynikow badan wstgpnych
opracowalem metodyke badan zawartosci PTEs. Oznaczytem rowniez zawarto$é
rteci w filtrach 1 papierze papierosowym, porownatem ja z zawartosciag Hg w samym
tytoniu oraz zestawitem z zawarto$cig wilgoci na ograniczonej populacji probek.
Efektem tych badan byta publikacja naukowa.

Nastgpnie opracowana metodyke badan zastosowatlem wobec pehnej
populacji  probek. Oznaczone zawartosci PTEs  wykorzystalem do
zaimplementowania metody szacowania narazenia konsumentéw CTPs.
Wykorzystatem w tym celu podejécie stosowane w chemii zywnos$ci [67]. Wyniki
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tych badan opublikowatem w dwoch pracach. Na wzor innych badaczy, osobno
badatem zawarto$¢ rteci, a osobno innych PTEs. Ponadto do analizy zawartosci Hg
zastosowatem inng technikg analityczka — selektywna dla tego pierwiastka.

Cykl badan wlasnych przedstawitem schematycznie na Rysunku 3,
obrazujac drogg, jaka obratem, a z jakiej zrezygnowatem, przy precyzowaniu tematu
badan i obszaru badawczego. W Rozdziale 5 zalaczylem wersje petnotekstowe
publikacji zachowujac ich oryginalne formatowanie. Oprocz przytoczonych
publikacji, na podstawie uzyskanych wynikéw przygotowano cztery wystapienia
konferencyjne. Opublikowatem tez jedna prace w tematyce badan CTPs, poza
cyklem publikacji — dotyczaca analizy emisji lotnych zwigzkéw organicznych
z tytoniu. Nie kontynuowalem jednak badan w tym obszarze, a kierunek ten
wykluczytem z obszaru tej dysertacji — co schematycznie przedstawilem na Rysunku
3 znakiem ,,X” przy odpowiedniej publikacji.

GDANSK UNIVERSITY
OF TECHNOLOGY

Szacowanie narazenia konsumentéw
wyrobow tytoniowych na substancje
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Rysunek 3. Schemat cyklu badan wtasnych zrealizowanych w ramach tej pracy.
Zielonymi ramkami zaznaczono aktualny temat badan; szarymi rodzaj probek,
badanych substancji szkodliwych lub rodzaj zadania badawczego; niebieskimi
publikacje z wynikow badan wraz z odpowiednim cytowaniem. Na czerwono
oznaczono kwerende literatury, ktorej wynik w najwigkszym stopniu wptynat do
rezygnacji z niektorych obszaro6w badan (rezygnacj¢ zaznaczono czerwonymi
znakami ,,X”).

Wyniki badan pozwolily osiaggnaé zatozone w tej pracy cele badawcze,
przedstawione w Rozdziale 2.
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3.1. Badania wstgpne

Badania wstgpne obejmujace oznaczenie zawartosci rtgci w tytoniu,
niedopatkach oraz popiele z siedmiu wybranych cygar mialy na celu zaréwno
weryfikacj¢ przyjetego podejscia analitycznego (przygotowanie probki, pobieranie
dymu, przeliczanie wynikow), jak i dostarczenie wstgpnych danych na temat
obecnosci tego pierwiastka w probkach cygar. Praca laboratoryjna skoncentrowana
byta na sprawdzeniu skutecznosci procedur analitycznych w kontekscie
specyficznego charakteru tego wyrobu, zwlaszcza ze ilo$¢ oleistych frakcji
uwalnianych podczas spalania cygar okazala si¢ istotnym problemem dla doktadnego
i miarodajnego pobierania dymu na ztoze sorpcyjne. Nie uzyskano zadowalajacych
efektéw pobierania dymu cygarowego.

Jednym z gtownych celéw tego badania bylo potwierdzenie obecnosci
rtgci w cygarach oraz okreslenie, w jakim stopniu pierwiastek ten pozostaje
zatrzymywany w niedopatku (zatozono, ze pelni w nim funkcj¢ filtra, chociaz
w cygarach czg$¢ ta nie wystgpuje jako wyodrgbniona strefa). Wyniki badan
jednoznacznie wykazaly, ze zawarto$¢ rtgci w popiele byta znikoma w poréwnaniu
z jej zawarto$cig w tytoniu, a w niedopalku wyraznie mniejsza, co dowodzi, ze Hg
transmitowana jest do dymu tytoniowego podczas procesu spalania cygara. Tym
samym potwierdzono, ze dym tytoniowy stanowi zrodlo narazenia konsumentow
cygar na pary rteci.

Hg wybrano jako pierwiastek modelowy ze wzglgdu na jej wysoka lotnos¢
w poréwnaniu z innymi PTEs, i dostgpno$¢ wysoce selektywnej techniki analitycznej
dla tego pierwiastka (atomowej spektrometrii absorpcyjnej sprz¢zonej z technika
zimnych par - CV-AAS, ang. ,,cold vapor atomic absorption spectrometry”).
Wiasciwos¢ ta pozwolita na weryfikacj¢ zatozenia o mozliwej mobilnosci PTEs
w procesie palenia cygar. Analiza rteci okazata si¢ rowniez pomocna w identyfikacji
kluczowych trudnosci zwigzanych z badaniem emisji z cygar, takich jak kondensacja
oleistych frakcji dymu w ukladzie do jego pobierania, ktére uniemozliwiaty
powtarzalne i miarodajne pobrania rteci na ztoze. Na Rysunku 4 przedstawiono
schemat budowy skonstruowanego uktadu do badania dymu tytoniowego. Zawarto
tez zdjecie waty kwarcowej z przewodu tego uktadu. Chociaz system pobierania
dymu byt wilaczony przez chwilg, jak wida¢, jest ona intensywnie zanieczyszczona
kondensatem, co doprowadzito do obstrukcji przeptywu powietrza.
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Rysunek 4. Schemat uktadu typu ,,sztuczne usta” wykorzystywany do pobierania na
ztoze ztota dymu w badaniach wstepnych oraz zdjecie waty kwarcowej uzytej do
filtrowania dymu przed ptuczkami i ztozem zlota (wata ta pierwotnie ma barwe
biala). 1 — cygaro; 2 — filtr z waty kwarcowej; 3 — pluczka z toluenem; 4 — ptuczka
z buforem (pH 7, srodowisko wodne); 5 — ztoze Au; 6 — pompa PS-4 z rotametrem.
Strzatkami zaznaczono kierunek przeptywu powietrza [105].

Wyniki badan wstgpnych jednoznacznie wykazaly, ze rtg¢ obecna
w tytoniu cygarowym jest przenoszona do dymu, co dowodzi, ze cygara moga
stanowi¢ istotne zrodto ekspozycji konsumentdow (i o0so6b postronnych, tzw.
,.pasywne palenie”) na ten pierwiastek. Co wigcej, poniewaz rtgé jest tylko jednym
z wielu PTEs obecnych w tytoniu, wyniki te wskazaty na konieczno$¢ rozszerzenia
badan na inne szkodliwe pierwiastki i inne produkty o podobnym modelu
konsumpcji (zwlaszcza produkty, ktore rzadziej sa przedmiotem zainteresowania
badaczy). Wskazaty na koniecznos$¢ przeprowadzenia szerszego przegladu literatury
i pracy nad procedurg analityczng badania CTPs [105].

-33 .-



22 SR
4P|;~§
Gl+

GDANSK UNIVERSITY
OF TECHNOLOGY

-
FACULTY OF
CHEMISTRY

3.2. Przeglad literatury

Podczas przegladu literatury naukowej skupitem si¢ na analizie publikacji
dotyczacych zawartosci potencjalnie toksycznych pierwiastkow w wyrobach
tytoniowych,  szczegoélnie  cygarach. = Wyraznym  punktem  zwrotnym
w zainteresowaniu konsumentéw tymi produktami byt poczatek lat 90. XX wicku,
kiedy to pojawienie si¢ magazynu Cigar Aficionado [32] przyczynilo si¢ do
znacznego wzrostu popularnosci cygar. Mimo tego, zainteresowanie srodowiska
naukowego ta grupa produktéw pozostato na niskim poziomie w porownaniu do
liczby badan poswigconych papierosom lub wyrobom HNB.

Podczas przegladu literatury zidentyfikowatlem zaledwie 10 prac
naukowych opublikowanych w ciggu okoto 50 lat, ktoére koncentrowaly si¢ na
zawartosci PTEs w cygarach. Poznalem techniki analityczne, jakie autorzy stosowali
do przygotowania probek oraz oznaczania pierwiastkow. Jedng z obserwacji byt
pewien brak spdjnosci metodologicznej w zakresie przygotowania probek (np.
dotyczacy procesu suszenia tytoniu). Zebrane dane zawarto$ci PTEs zestawitem
i omdéwitem w opublikowanej pracy przegladowej [33].

Tabela 2. Zakresy oznaczonych przez autoréw publikacji sktadajacych si¢ na
podstawe przegladu literatury zawartosci PTEs w tytoniach cygarowych.

Pierwiastek | Zakres zawartoSci Odnoénik literaturowy, rok badan
(ng/g)
Zn 14-176 [106] 1972, [107]** 1977, [108] 2010,
[109]* 2018, [104] 2019
Cd nd-19 [104] 2019, [110] 2015, [111] 2015, [108]
2010, [106] 1972, [107]** 1977, [112] 2006
Fe 530-2200 [109]* 2018, [108] 2010, [104] 2019
Mn 100-370 [104] 2019, [109]* 2018, [111] 2015
Ni nd-13 [108] 2010, [111] 2015, [110] 2015, [109]*
2018, [104] 2019
Cu 15-138 [104] 2019, [109]* 2018, [108] 2010,
[107]** 1977
Pb nd-32 [107]** 1977, [108] 2010, [111] 2015, [110]
2015, [109]* 2018
Hg 17,9-24.9 ng/g [55] 2015, [113] 2008
Cr nd-9,8 [108] 2010, [111] 2015, [110] 2015, [109]*
2018
Co 0,65-1,00 [104] 2019, [111] 2015
As nd-0,5 [104] 2019, [109]* 2018, [110] 2015

*Badanymi probkami byly nie tyle cygara, co liScie, z ktérych mogly zosta¢ zrobione
cygara. **W publikacji stosowano jednostke pg/cygaro.

Co istotne, w tych pracach zidentyfikowatem takze brak oszacowania
narazenia konsumentdéw na oznaczane pierwiastki. Chociaz prezentowaly one
oznaczone zawartosci PTEs w tytoniu cygarowym i wskazywano na ich toksycznosc,
autorzy nie dokonywali w jasny sposob oszacowania, jak niebezpieczne sg to
zawartosci. Przyczyny takiego status quo dopatrywalem si¢ w specyficznym
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sposobie konsumpcji CTPs, czyli poprzez inhalacje dymu, co znaczaco
komplikowato opracowanie odpowiedniego podejscia. Wyciagniete z przegladu
literatury wnioski staty si¢ podstawa do ukierunkowania dalszych badan wtasnych
w zakresie szacowania narazenia konsumentow wyroboéw nikotynowych na PTEs
zawarte w tych produktach.

Co ciekawe, zidentyfikowalem roéwniez problem zwigzany
Z nazewnictwem cygar, o czym wspomniatlem wczesniej w tej rozprawie. Niektorzy
autorzy badane wyroby nazywali ,,cygarami” bez doprecyzowania, czy chodzito im
o cygara tradycyjne, cygaretki, czy moze ,little cigars”. Ponadto zauwazytem, ze
réznice w metodologii i podej$ciach analitycznych w znaczacy sposob ograniczajg
mozliwo$¢ pelnej interpretacji dostgpnych danych. Problem ten wzmacniala
niewielka liczba badan oraz ograniczony zakres geograficzny pochodzenia probek,
co wskazywato na potrzebg bardziej systematycznych badan w przysztosci.

3.3. Analiza zawartosci PTEs w CTPs 1 szacowanie
narazenia konsumentow

W oparciu o doswiadczenia zdobyte w trakcie przeprowadzania badan
wstepnych, analizy emisji oraz przegladu literatury, zaplanowalem i zrealizowatem
seri¢ badan wlasnych. Celem tych badan byto nie tylko rozszerzenie wiedzy na temat
zawartosci PTEs w CTPs, ale réwniez opracowanie metod szacowania narazenia
konsumentow na te pierwiastki.

Wykonalem analiz¢ zawarto$ci rteci w tytoniu, filtrze i papierze
papierosowym uzywajac techniki CV-AAS. Dla kazdego z komponentéw
wykonatem rowniez oznaczenie zawartosci wody, stosujac metod¢ grawimetryczna,
co umozliwito uzyskanie wynikow na zawarto$¢ Hg w suchej masie i wygodne
przeliczenie na zawarto$¢ tego pierwiastka w mokrej masie produktu. Na podstawie
uzyskanych wynikow wykazatem, ze zawartos¢ rteci w filtrach i papierze byta
znacznie nizsza niz w samym tytoniu [44]. Wyniki te stanowily podstawe do
dalszych badan dotyczacych oszacowania narazenia konsumentéw CTPs na PTEs
i zostaty opublikowane w osobnej publikacji [52].

Nastgpnie przystapitem do wilasciwych badan, ktérych celem byto
oszacowanie narazenia konsumentow CTPs na PTEs. Dokonalem analizy 51 probek
CTPs, wsrod ktorych wigkszos¢ stanowily cygara, a dodatkowo zbadatem takze
papierosy, tyton fajkowy i bidi. Kazda probka byta analizowana z odpowiednia
liczba powtodrzen, co skutkowato przeprowadzeniem ponad 150 analiz. W badaniach
tych zastosowalem metod¢ opracowana na podstawie przegladu literatury,
inspirowang szacowaniem narazenia konsumentoéw zywnosci na rte¢ [67].

W tej zmodyfikowanej metodzie okreslatem akceptowalng dzienna dawke
danego pierwiastka (ang. ,,acceptable daily dose for the given element” — ADDEgr) na
podstawie ogloszonych (przez wlasciwe organizacje) dla niego poziomoéw ryzyka
(ang. ,,risk levels for given element” — RLg1) w formie inhalowanej z powietrza przy
narazeniu przewlekltym i odpowiedniego wspotczynnika wartosci dziennej objetosci
wymienianego przez osob¢ dorosta powietrza (ang. ,,daily inhalation ratio” — DIR).
Metodg obliczenia ADDEl przedstawitem rownaniem 1. Nastgpnie, na podstawie
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obliczonego ADDEi i oznaczonej zawartosci danego pierwiastka w mokrej masie
tytoniu (ang. ,,content in the wet weight” — Cww) okreslatem maksymalne dzienne
spozycie tytoniu (ang. ,,maximum possible consumption of tobacco” — MPCT).
Wartos¢ wspotczynnika MPCT byla okreslana z uwagi na pojedyncze pierwiastki
inalezy przez nig rozumie¢ mas¢ tytoniu, ktora moze dostarczy¢ dziennie do
organizmu palacza taka dawke danego pierwiastka, ktéra odpowiada dawce
wynikajacej z ogloszonego dla niego poziomu ryzyka (RLg) w formie inhalowane;j
z powietrza. Sposob obliczenia MPCT zobrazowatem rownaniami 2 i 3. W réwnaniu
3 uwzglednitem dodatkowy wspotczynnik przeniesienia do dymu (ang.
Htransmission to smoke” — TS), ktéry modyfikuje wartos§¢ MPCT w oparciu
o rzeczywisty stopien przeniesienia danego pierwiastka z tytoniu do dymu.
W najgorszym mozliwym przypadku wynosi on TS = 100%, jednak, jezeli dostgpne
byty dane literaturowe na temat rzeczywistego przeniesienia PTEs do dymu
tytoniowego, to uwzgledniatem je w obliczeniach.

ADDg; =RLg, - DIR 1)

ADD 2

MPCT = H @

MPCT — ADDy _ RLy - DIR 3)
TS C,y TS

Dla wigkszos$ci pierwiastkow wspotczynniki TS nie byly znane, dlatego
przyjatem zatozenie tzw.: ,,najgorszego mozliwego scenariusza” (ang. ,,worst case
scenario”), czyli np., ze 100% rteci zawartej w tytoniu uwalniane jest w postaci par
do dymu podczas palenia. Na podstawie uzyskanych wynikéw oszacowatem, ze
dopiero konsumpcja ponad 100 g tytoniu dziennie mogtaby dostarczy¢ potencjalnie
niebezpieczng dawke par rteci. Jest to waga odpowiadajaca kilkudziesigciu
papierosom. Nalezy jednak pamigtac, ze nie jest on jedynym zrodltem narazenia.
Ponadto badania te pozwolity na ocen¢ zmiennos$ci zawartosci rtgci mig¢dzy réoznymi
typami produktéw tytoniowych, co uwidocznito potrzebg bardziej szczegétowych
badan niepapierosowych wyrobéw CTPs.

Kontynuujac badania, przeprowadzilem analizy nad innymi potencjalnie
toksycznymi pierwiastkami w tytoniu podczas mojego stazu naukowego
w Department of Applied Chemistry for Environment, School of Biological and
Environmental Sciences, Kwansei Gakuin University w Japonii, pod opieka Prof.
Motohiro Tsuboi. Przeprowadzitem tam tacznie kilkaset oznaczen. W badaniach tych
zastosowatem spektrometri¢ mas sprz¢zong z indukcyjnie wzbudzona plazma (ICP-
MS, ang. ,,inductively coupled plasma mass spectrometry”), przy pomocy, ktorej
oznaczytem 17 pierwiastkow, w tym np. arsenu, kadmu, niklu i otowiu. Otrzymane
wyniki wskazuja, ze w przypadku niektorych pierwiastkow, takich jak na przyktad
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kadm, potencjalnie niebezpieczna dawka moze by¢ dostarczona juz przy paleniu
mniej niz 1 g tytoniu dziennie (przy regularnym paleniu). Moje badania wykazaty
réwniez wyrazne réznice w zawartosci pierwiastkoéw miedzy CTPs. Podwyzszone
zawartosci chromu i niklu zidentyfikowatem w indyjskich bidi.

Przeprowadzone badania pozwolity na wykazanie, ze palenie CTPs
stanowi istotne zrodto narazenia na PTEs. Niebezpieczne moze by¢ inhalowanie
dymu nawet z 0,5 g CTPs. Moje wyniki wskazuja rowniez na konieczno$¢ badania
szerszej grupy produktow na wigksza liczbe substancji toksycznych i doskonalenie
szacowania narazenia konsumentdw na te substancje. Szczegélnie istotne sa
miarodajne badanie dymu tytoniowego oraz okreslenie stopnia transmisji substancji
toksycznych z tytoniu do dymu. Kolejne badania powinny skupic¢ si¢ na opracowaniu
bardziej kompleksowych modeli uwzgledniajacych rozne formy toksycznosci
pierwiastkéw oraz ich interakcje z innymi sktadnikami dymu tytoniowego.

W ostatecznych ~ wnioskach  badan  podkreslam  znaczenie
interdyscyplinarnego podejscia w analizie narazenia konsumentéw na PTEs w
produktach tytoniowych. Uzyskane dane stanowig solidng podstawe i punkt wyjscia
dla dalszych prac nad szacowaniem narazenia konsumentéw CTPs. Co jednak bardzo
wazne, zaproponowane podejscie szacowania, opracowane na podstawie metody
szacowania narazenia konsumentdw zywnosci na substancje toksyczne obecne
w zywnosci prowadzi do ujednolicenia podejs$é¢. Takie ujednolicenie daje mozliwo$¢
doprowadzenia do opracowania metody szacowania catkowitego narazenia ludzi na
toksyczne substancje pochodzace z réznych zrodet.
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Rozdziat 4

Whnioski

W wyniku przeprowadzonych badan i na podstawie uzyskanych wynikow
osiggnatem zatozone w tej pracy cele. Najwazniejsze wnioski i obserwacje plynace
z moich badan to:

1. Literatura dotyczaca zawartos$ci substancji toksycznych, w szczegdlnosci
potencjalnie toksycznych pierwiastkow (PTEs), w wyrobach nikotynowych
innych niz papierosy i nowoczesne systemy podgrzewania tytoniu jest
wyjatkowo uboga. Relatywnie niewiele prac dotyczy zanieczyszczenia
pierwiastkowego cygar, tytoniu fajkowego i bidis, co wskazuje na
konieczno$¢ dalszych badan w tym zakresie.

2. Zaproponowany przeze mnie sposob szacowania narazenia konsumentow
wyrobow tytoniowych na PTEs zawarte w tych produktach odpowiada na
brak w literaturze przejrzystych metod umozliwiajacych ocen¢ ich
narazenia na te substancje. Metoda ta jest nowym podejSciem w analizie
ryzyka zwigzanego z konsumpcja wyrobow tytoniowych.

3. Zaproponowana przeze mnie metoda moze zosta¢ z powodzeniem
ekstrapolowana na inne substancje toksyczne obecne w tytoniu lub dymie
tytoniowym. Dodatkowo moze zosta¢ zastosowana wobec szerokiego
spektrum wyrobow tytoniowych, co podkresla jej uniwersalnos¢ i potencjat
adaptacyjny.

4. Zaadaptowana metoda pochodzi z chemii zywnosci (stosowana dotychczas
do oceny narazenia na toksyny w pokarmach), otwiera wigc droge do
ujednolicenia podejs¢ do oceny ryzyka zwigzanego z substancjami
toksycznymi pochodzacymi z réznych zrodet. Takie podej$cie pozwala na
lepsze poroéwnanie narazenia na toksyny z pokarmow, wyrobow
tytoniowych oraz innych zrédet, przyczyniajac si¢ do kompleksowej oceny
narazenia.

Monitorowanie zawarto$ci substancji toksycznych, w tym PTEs,
w wyrobach tytoniowych ma szczegoélne znaczenie, poniewaz produkty sa
unikalnym zrédtem narazenia z uwagi na droge podania dymu bezposrednio do
wrazliwego ukladu oddechowego. W wyniku przeprowadzonych badan
zidentyfikowatem zawarto$ci PTEs, ktore moga zagraza¢ zdrowiu uzytkownikow.
Opracowatem réwniez metod¢ umozliwiajaca oszacowanie, jaka waga tytoniu moze
dostarczy¢ dawki ekwiwalentnej do tej, ktoéra powoduje negatywne skutki zdrowotne
podczas inhalacji z powietrza. Okreslitem, przy zatozeniu najgorszego mozliwego
wariantu, ze negatywne skutki zdrowotne moze mie¢ palenie juz nawet 0,5 g tytoniu.

Moje badania wykazaly, ze istnieje konieczno$¢ dalszego rozwijania
sposobow pobierania dymu, poniewaz obecne systemy nie w petni odzwierciedlaja
rzeczywistych warunkéw konsumpcji. Przyjatem zatozenie, ze catos¢ PTEs
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w tytoniu podczas palenia jest transmitowane do dymu w postaci elementarnej, co
jest zalozeniem nierzeczywistym. Konieczne jest dopracowanie tego modelu
w oparciu o badania dymu, a w szczegdlnosci badania specjacyjne. Jednak,
pobieranie dymu do badan laboratoryjnych nadal stanowi istotne wyzwanie, a rozwoj
metod analizy emisji substancji toksycznych z wyrobow tytoniowych powinien by¢
rozwijany w przysztych badaniach. Waznym aspektem jest przy tym charakterystyka
poszczegodlnych CTPs, ktore réznia si¢ morfologicznie, wilgotno$cia, zawartoscia
PTEs, itd. W zwiazku z tym uzasadnionym jest rowniez stworzenie profili
emisyjnych z uwzglednieniem charakterystyki produktu i z uwzglednieniem r6znych
indywidualnych nawykow palenia (np. szybko$¢ palenia, liczba zaciagnigg, itd.).

Co istotne, uwidocznilem pilng potrzeb¢ badan nad szeroka gama
wyrobow tytoniowych. Cho¢ skupitem si¢ na cygarach, wyniki wskazuja, ze
konieczne jest rozszerzenie zakresu analiz na inne typy wyrobow. Wykazalem
niepokojaco wyzsza zawartos¢ chromu i niklu w indyjskich bidi. Nalezy pamigtac,
ze rosliny Nicotiana tabaccum L. akumuluja ze srodowiska metale cigzkie, wobec
czego, ich podwyzszona zawarto$¢ w $rodowisku plantacji skutkowaé bedzie
zanieczyszczeniem pierwiastkowym lisci. Nalezy zatem zwroci¢ szczeg6lng uwage
na kontrolowanie zar6wno CTPs, jak i warunkow ich uprawy i produkc;ji.

Podsumowujac, uzyskane wyniki stanowia podwaliny do dalszych prac
i analiz nad toksycznymi pierwiastkami w CPTs. Ponadto zaproponowany model
moze zosta¢ skutecznie zastosowany do szacowania narazenia konsumentow CTPs
na PTEs oraz daje szerokie pole do rozwijania go w oparciu o kolejne wyniki badan
nad profilem emisji lub zawartoscia innych substancji toksycznych. Wyniki moich
badan zostaty opublikowane w czasopismach (publikacje sktadajace si¢ na t¢
dysertacje): Analityka. Nauka i Praktyka, Journal of Environmental Science and
Health, Part C: Toxicology and Carcinogenesis, Monatshefte Fiir Chemie, Food and
Chemical Toxicology i Toxicology.
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ABSTRACT KEYWORDS

The popularity of cigars, growing since 1993, has not gone  Cigars; heavy metals;
hand in hand with the increased interest of researchers in  lobacco; trace analysis
these products. Although the literature widely describes the

harmfulness of tobacco and the content of toxic substances in

tobacco products, the topic is often treated selectively as

relating primarily to cigarettes and rarely extends to other

products of the broadly defined tobacco industry. However,

there is no reason to marginalize the harmful effects of other

nicotine products, (which include tobacco products such as

cigars). The study analyzed the available lit on the con-

tent of selected heavy metals in cigar tobacco. Among the

heavy metals, the following contents of elements in tobacco

were recorded in cigars: Fe (420-2200 pg/g), Mn (100-370 ug/

g), Zn (14-180pg/g), Cu (15-140pg/g), Pb (not detec-

ted-32 ug/g), Cd (nd-19pg/g), Ni (nd-13 ug/g), Cr (nd-10ug/

g), Co (065-1.0pg/g), As (nd-0.66pg/g), Hg (18-25ng/g).

Importantly, the values often differ between cigars of different

origins and types, indicating the need for more extensive

research.
\
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o Despite the increased interest of consumers, research on
the elemental analysis of cigars is rare

CONTACT Piotr Konieczka @ piotrkonieczka@pg.edu.pl e Faculty of Chemistry, Department of Analytical
Chemistry, Gdarisk University of Technology, 11/12 Gabriela Narutowicza Street, 80-233 Gdanisk, Poland.

o Supplemental data for this article is available online at https://doi.org/10.1080/26896583.2022.2052708.
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o Based on the analysis of the literature, it was noticed that
cigar tobacco may differ significantly in heavy metals con-
tent such as: Pb, Cd, Ni, Cr

e The level of metal contamination is likely related to the
origin and growth environment of the tobacco

e Monitoring the level of heavy metal contamination of all
tobacco products is important for the health of
their consumers

Introduction

The oldest tobacco (Nicotiana tabacum) consumption artifacts found are
those related to snuff, and therefore it is believed that ingestion was the first
method of tobacco consumption.' Later, tobacco also began to be smoked,
chewed, drunk as a brew, eaten or smeared on the body (to kill insects)."” Tt
was appreciated for its analgesic, antiseptic and insecticidal properties.'

The globalization of tobacco has contributed to the emergence of a num-
ber of new ways of using this stimulant, and the isolation of nicotine has
allowed the development of non-tobacco products delivering the substance
to the human body. Owing to this, the market now has a wide range of
nicotine products.” Due to their large number, it is worth making the first
division here, concerning the manner of use. In the literature, the term
“combustible tobacco” (CT) can be found in opposition to smokeless
tobacco (ST). One of the CT products is a cigar.

Cigars are cylindrical products made entirely of tobacco leaves. In the
cross-section, three layers can be distinguished: filler, binder and wrapper,
as shown in Figure 1. The quality of the cigar is mostly dependent on the
filler, which is both the core and the main component of the cigar, ie.
about 94% of the weight. The outermost layer, wrapper, is about 2%

Wrapper

Binder

Filler

Figure 1. Cross-section of an Alec Bradley American Sungrown Gordo cigar with a long filler
(handmade) with marked layers.
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(the rest of the mass is contained in the binder, which is between the wrap-
per and the filler). Consequently, the most visible leaf is responsible for the
strength (amount of tar, nicotine, and carbon monoxide®) of the cigar to a
very small extent; thus a very mild cigar may be wrapped in a dark leaf
and vice versa.

As early as 1899, the author of the book Curing and Fermentation of
Cigar Leaf Tobaccos® drew attention to the specific properties that must be
met by a tobacco leaf used to produce a high-quality cigar. First of all, he
emphasizes the importance of taste, aroma and flammability, and then the
nicotine content, which by itself does not determine the quality of a cigar,
just as the content of ethanol does not determine the quality of wine.

It is the climate, soil characteristics and experience of the growers that
make it possible to obtain high-quality leaves, which, however, do not have
a specific cigar smell or taste. For that, the crop requires three-stage proc-
essing — broadly speaking: (1) curing process; (2) fermentation; and (3)
after-fermentation or aging. During these stages, among other things, the
loss of nicotine occurs. The entire leaf preparation process can take up to
several years.”

Cigars can come in a variety of sizes and shapes, and take about one to
two hours to smoke. Three types of products can be classified as cigars:
“large cigars”, “little cigars” and “cigarillos”. Little cigars are defined as a
“roll of tobacco wrapped in leaf tobacco or any substance containing
tobacco (...) and as to which one thousand units weigh no more than
three pounds” (about 1.36 kg). They can also be equipped with a filter and
a mouthpiece. In recent years (in the United States), however, a tax on lit-
tle cigars has been introduced that has become equal to the tax on ciga-
rettes. As a consequence, some producers increased the weight of tobacco
in these products and thus changed their tax category (in the US).
Cigarillos do not have a separate definition (and thus no separate tax cat-
egory in the US). They weigh more than little cigars and less than large
cigars (premium cigars). The latter are tobacco products larger than little
cigars and cigarillos, which can be divided into hand-made (with a long
filler) and machine-made (with a short filler). By comparison, cigarettes are
most simply classified as a “roll of tobacco wrapped in paper” and are often
subject to regulations, such as banning of distinguishing flavors, prohibition
of descriptors such as “light” or “ultralight”. These regulations usually, to a

limited extent, also apply to products referred to as “cigars”."!

Trends in cigar smoking

At the beginning of the 20th century, when cigarette smoking was not yet
very common, cigars and pipes were the most popular forms of
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consumption of CT products. Almost a hundred years later, exactly in
1991, cigars already accounted for only about 1.5% of the tobacco market.”
They had definitely been superseded by cigarettes and never returned to
their former dominance over the CT products market.

In the studies published in 2003, attention was drawn to a clear increase
in interest in cigars in the years 1993-2000. Until 1993, the consumption
of cigars in the US was steadily falling. This trend changed with the arrival
of a “cigar lifestyle magazine” Cigar Aficionado. Smoking cigars in the
United States (US) was previously an obscure activity that was practiced
mainly by blue collar workers smoking inexpensive, machine-made cigars.
By 1995, Cigar Aficionado was already the most popular lifestyle magazine
in the United States with a readership of over 400,000 per single issue. One
of the largest international cigar companies, Consolidated Cigar Holdings
Inc., has credited the magazine with an improved image of cigar smoking,
which resulted in a significant increase in their consumption and sales.'”
The authors of this paper do not specify, however, whether they consider
little cigars and cigarillos as “cigars”.

Similar observations are reported by Baker et al. in the publication from
2000. In it, it was specified that in the years 1993-1997 the consumption of
all types of cigars rose rapidly after a period of decline (in the years
1964-1993). According to that study, however, “premium” cigars accounted
for a small share, compared to “small cigars” or “cigarillos”."?

A study published in 2021 noted that in the following years, ie.
2000-2016, the consumption of cigars in the US doubled (from 6.2 to 12
billion items per year). However, the authors point out that the products
referred to in the US as “Cigar” come in the three forms mentioned. In the
conducted research, large cigars accounted for about half of the con-
sumed products."*

In a 2019 review, the authors showed that cigar smoking among adoles-
cents is a growing problem. These products have been shown to be harmful
to health, albeit to a lesser extent than cigarettes. It was pointed out that in
37 studies a wide range of products (large cigars, little cigars and cigarillos)
were considered cigars, in 7 it was not specified what constitutes a cigar, and
in 4 only cigarillos were examined. This is problematic, since these products
have different characteristics, which should be taken into consideration,”

In fact, cigars are more harmful than cigarettes, and their long-term use
causes cancer of the lung and upper gastrointestinal tract.">'* Consumers
of cigars, constitute a significant and, since 1993, a growing number.

El tal ¢ ination of cigars

Environmental pollution with heavy metals is a serious global problem.
They are not biodegradable and tend to accumulate in the environment.
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They can also accumulate in body tissues (bioaccumulation), and their con-
tent may increase with subsequent trophic levels (biomagnification). Heavy
metals can be classified, in the context of their biological role, as essential
and nonessential. The former are required, in low concentrations, by living
organisms for physiological and biochemical functions, while the latter are
redundant or even toxic.

The concentration of these metals in the body above a certain limit
causes severe health effects. Important metals (biologically active) include,
among others: Fe, Zn, Mn, Ni, Cu, Co and Cr, while non-essential metals,
therefore considered absolutely harmful, e.g. Pb, Hg and Cd.'*""7 Scientists
are divided as to the importance of chromium in living organisms. An
element also classified as nonessential is arsenic (As), which, however, is a
metalloid, therefore calling it “heavy metal” could be considered
erroncous.'®

The possibility of inhalation of these heavy metals is largely dependent
on the temperature of the cigars during smoking. According to Shikata’s
tests from 1926, carried out with an iron-constantan enameled thermo-
couple placed in the middle of a cigar, the average temperature was
646.6 °C. The researcher noted the key role played by airflow in the
achieved temperature, therefore the mean was determined on the basis of
the collected maximum stable measured values without or with slow suc-
tion. Orientales cigars (Japanese Tobacco Monopoly Bureau) were used in
the research.'”

The humidity of a cigar may vary depending on its type and storage con-
ditions. Accounting for the water content is important, as it can reach up
to 10-15% for tobacco stored in a humidor.””*" The determination of met-
als in cigars should always be carried out on tobacco samples with known
moisture content at the time of measurement. These can be lyophilized
samples or, alternatively, part of the matrix samples can be directed for
parallel testing using a moisture analyzer.

Toxicity of heavy metals present in cigars

All heavy metals in sufficiently large amounts are harmful, and when they
enter the body they produce toxicity by forming complexes with cellular
compounds containing sulfur, nitrogen or oxygen. In this way, they inacti-
vate enzyme systems or modify key protein structures, leading to dysfunc-
tion and death of cells.”***

As shown in Figure 2, the contents of the determined heavy metals often
varied considerably. With such a wide range of places and years of research
and sample purchase, when discussing the toxicity of cigar contamination
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Figure 2. Box and whiskers plots with the results of the determination of the heavy metals in
cigars. The boxes contain most of the results for a given element, the horizontal segment inside
them determines the location of the median, and “x" shows the mean,***

with these elements, it is most sensible to refer to the highest marked con-
tents, since for consumers, the highest possible risk is crucial.

Arsenic (classified as a metalloid) is present in cigars in trace amounts.
Compared to other heavy metals determined in tobacco, there was little of
it, the content did not exceed 0.7 ug/g. Arsenic in nature can occur in three
oxidation states: trivalent arsenite, pentavalent arsenate, and elemental
arsenic (nontoxic). It is also present in the form of organic and inorganic
compounds, and also as a gas, arsane, with arsane and inorganic arsenic
compounds being the most toxic. Most cases of arsenic (IIT) oxide poison-
ing involve accidental ingestion of arsenic-containing pesticides. On the
contrary, the main cause of chronic arsenic toxicity in humans is geological
contamination,'*****

Compared to other determined heavy metals, mercury was present in
cigars at approximately one order of magnitude less; therefore, the studies
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gave its content in ng/g of tobacco”. In tobacco products, mercury exists in
inorganic, organic, and elemental forms. The inorganic form is easily
absorbed in many ways: from the gastrointestinal tract, by inhalation or
dermally, while the organic form is very well absorbed from the digestive
system, which may be associated with an increased risk for consumers of
chewing tobacco. The toxic effect of elemental mercury is caused by inhal-
ing its vapors, due to its good absorption into the pulmonary circulation.
The metal is transported in the blood to the kidneys, intestines, lungs, and
brain, where it easily crosses the blood-brain barrier and is deposited.”

Lead has numerous industrial uses, however it has no physiological sig-
nificance and any traces of lead in the human body can be considered con-
tamination. As a consequence, lead contamination of cigars can have
catastrophic health effects, especially in the case of CT products. In the lat-
est publications (published after 2000°*%7) the content of this element
slightly exceeds 3 pg/g, however in 1977 it was measured at 30.80 pg/g. Due
to the harmfulness of Pb, it is necessary to monitor its content in tobacco
products. Furthermore, adults are often exposed to lead poisoning through
the respiratory system,” which only confirms the key role of the men-
tioned analysis of CT products. The toxic effect of lead is related to, inter
alia, disruption of the activity of neurotransmitters and their receptors,
which in turn leads to the disruption of synapse formation and their
destruction.”

Cadmium is one of the most important environmental pollutants, as it
can cause many toxic effects. At the same time, it demonstrates the ability
to accumulate in plant and animal tissues, influencing their growth and
development, and posing a huge threat to human health. Therefore,
tobacco products are naturally exposed to the accumulation of Cd, and
cigar consumers can inhale smoke rich in this element. From all the exam-
ined heavy metals, cadmium was determined in the greatest number of
works, seven out of ten. In the latest publications, its highest recorded con-
tent is 2.24 pug/g;>*** however, similarly to lead, in 1977 the recorded val-
ues were much higher, reaching even 18.80pg/g*’ The most important
mechanisms of cadmium toxicity include changes in gene expression and
inhibition of damaged DNA repair, disrupting apoptosis and autophagy,
causing oxidative stress and interaction with bioelements.”>*®

In cigars, Co occurs in trace amounts, not much greater than As,
although it should be noted that its content was determined only in two
studies: in 2015*° and 2019.* The highest determined content of Cr was as
much as 9.75 pg/g, Chromium and cobalt in trace amounts are needed in
the human body due to their involvement in metabolic processes. The for-
mer is involved in glucose metabolism, while the latter (Co (III)) takes up
the active site of vitamin B12 and is essential for its activity. The toxicity of
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Cr and Co is related to their oxidation state. Cr appears in a wide variety
of oxidation states, the most common of which are Cr (III) and Cr (VI).
Co also occurs in different oxidation states, of which Co (II) and Co (III)
are the most common. While chromium in the sixth oxidation state is clas-
sified by the International Agency for Research on Cancer (IRAC) as a
group 1 carcinogen (carcinogenic for humans), Cr (III) and metallic Cr are
classified in group 3 (impossible to classify due to lack of relevant evi-
dence). Cobalt, on the other hand, is classified as possibly carcinogenic to
humans and it has been shown that occupational exposure to this element
is associated with cardiomyopathy and neurological damage.'®

Nickel is a heavy metal present in the environment at very low levels in
the form of oxides or sulfides. It was noted that vegetables may contain
more nickel than other foods, however it was not specified which vegeta-
bles or where they come from. Environmental sources with lower concen-
trations of Ni are reported to include tobacco, but the authors did not
specify which tobacco. As shown in Table S1, presented in Supplementary
Materials where all data collected during presented review are shown in
detail, the nickel contents in cigar tobacco can be as high as 12.53 ug/g.**
This is approximately three times higher than the upper end of the nickel
concentration range for tobacco indicated by the authors. From the point
of view of the consumer’s health, it is therefore important to monitor the
amount of this element in various cigars. The most common toxicity
caused by nickel compounds is an allergic skin reaction that occurs in part
of the population. Nickel has also been shown to be a potential immuno-
modulatory and immunotoxic agent, independent of its allergic properties.
Nickel compounds have also been classified as carcinogenic to humans and
animals.” Nickel is also an essential element for both animal and plant life.
It has been reported to interact with iron found in hemoglobin to aid oxy-
gen transport, stimulate metabolism, and is considered a key metal in
many plant and animal enzyme systems.'”

Iron homeostasis is an essential biological process that ensures the distri-
bution of this element into tissues for a variety of cellular processes.”
However, iron overload and consequent transferrin saturation and accumu-
lation of non-transferrin bound iron (NTBI) are possible. Uncontrolled
iron deposition in organs leads to progressive tissue damage and conse-
quent organ failure. NTBI is presumed to play a major role in various
pathological conditions that are dominated by iron overload.”** Among
the heavy metals, it is Fe that is present in the cigars in highest concentra-
tions.”**”** The studies reported its content to be as high as 2.17 mg/g.
Although the human body may have a high iron tolerance due to the bio-
logical role of these element, it is still important that compared to other
tested heavy metals. Fe is present in significantly higher amounts in
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tobacco. The effect of iron absorbed from the digestive system can be rad-
ically different from the effect it has on the respiratory system.*

Zinc is an essential micronutrient for human health, especially for the
elderly.”” All major metabolic pathways are regulated by zinc metalloen-
zymes. However, zinc overload is associated with health consequences, e.g.,
damage to neurons. Moreover, the route of administration can make a dif-
ference in toxicity.”” In the works on the determination of selected heavy
metals in cigars, the zinc content was up to 176 png/g.>’ The toxicity related
to Zn overload and the toxicity related to the form of administration (in
the gas fraction, with the smoke) can be taken into consideration.
Although few people are exposed to zinc poisoning due to their diet or
exposure to this element in their environment, there can be some danger
in the growing popularity of additives to, among others, food, supplements,
or drugs.* Zinc additives are used in food preparation, processing and
preservation.”” It is not unlikely that this trend will spread to tobacco
manufacturers.

Manganese is an essential element for intracellular activities, because it
acts as a cofactor for some enzymes and thus plays an important role in
the processes of digestion, energy production, and immune response.”
This metal can be absorbed quickly from the digestive or respiratory tract
and tends to accumulate in organs such as liver and brain. Right after iron,
the manganese content is the highest in cigars (up to 374 pg/g”) The high
content of Mn in tobacco, compared to other examined heavy metals, com-
bined with rapid absorption by the respiratory system, may lead to poison-
ing with this element.*" Patients with such a diagnosis exhibited, among
other, Parkinson’s-like symptoms.*" The source of exposure may be conta-
minated food, water, soil, or air.*** Growing tobacco in soil contaminated
with manganese or in an environment with contaminated air, or watering
it with contaminated water, can increase the content of this element in
cigars due to Nicotiana tabacum ability to accumulate this element.*

Copper is one of the heavy metals essential for the proper functioning of
living organisms due to the role it plays in proteins and other biomole-
cules.”® An excess of Cu can cause oxidative stress in tissues and their sub-
sequent damage."” Inhalation of metal vapors, including copper, can result
in severe respiratory health consequences."® The highest Cu content
recorded in the examined studies was 138 pg/g.”” Compared to elements
such as Hg, As, or Cd, the levels of Cu in cigars are significantly higher.

Methodology

As part of this study, the information available in databases (including
ACS, Nature, Oxford Journals, PubChem, Scopus and Taylor & Francis)
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was analyzed in terms of contamination of cigars with harmful elements.
Keywords such as cigars, cigar tobacco, tobacco contamination, cigar con-
tamination, heavy metals in cigar tobacco and the like were used in the
search. The search was limited to the areas of chemistry and medicine.
Boolean operators such as AND and NOT were also used (“cigar NOT cig-
arette”, “cigar AND heavy metals”, “cigar NOT lake”, “cigar AND elemen-
tal contamination”, “cigar AND tobacco contamination”, “cigar tobacco
AND heavy metals”, “cigar AND contamination”). The results and methods
of sample preparation described in the works published in the years
1972-2021 were analyzed. As the number of studies on the elemental con-
tamination of cigars is small and there is a lack of new scientific reports on
this subject, there is both need and space for further research.

Methods of heavy metal determination in cigar samples

Various analytical procedures were used to determine the heavy metal con-
tent in the tested tobacco. The information mentioned is presented in
Table S1 in the Supplementary Materials section. The content ranges of
selected heavy metals, the determination methods used, countries and years
of research are listed in brief in Table 1.

Menden et al. in 1972 published the results of an analysis of the content
of cadmium, nickel, and zinc in cigarettes, which they compared with the
content of these elements in pipe and cigar tobacco. As reported, they used
one brand of cigar, purchased on the market. The country of origin of this
cigar is unknown; however, research has been conducted in the United
States. Tobacco samples were prepared for testing using dry and wet ash-
ing. No significant differences were observed in the results obtained using
these two methods. Wet ashing consisted of boiling the samples until dis-
solution and oxidation in concentrated HNO;, evaporating to a volume of
1 mL and then dissolving with hot 10% HNO; for analysis. Dry ashing was
performed by placing samples wetted with concentrated nitric acid (V) in a
muffle furnace (400-450°C). What remained was dissolved in 2 mL of con-
centrated HNO3, evaporated, and the residue was dissolved in 10% HNO;
for analysis, which was performed with 10% nitric acid solutions (V) using
atomic absorption spectroscopy (AAS) by aspirating samples directly into a
Perkin-Elmer Model 303.2*

Franzke et al. in 1977 determined the content of zinc, copper, lead, and
cadmium in five cigars or cigarillos. The research was carried out in the
GDR (German Democratic Republic), and the products were also most
likely purchased in this country. It was decided that the method would be
wet tobacco combusting to avoid cadmium losses in dry incineration. The
sample preparation included digestion of 2.0g of tobacco in a mixture of
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Table 1. A list of content ranges of selected heavy metals in the studied works, d ination
methods used, countries and years of research.

Element, content, content

Country range [pg/g) Determination method Years of Research
United States of America In 51* Atomic absorption 1972%
Cd 19" spectroscopy (AAS) )
German Zn 97 - 176 Square-Wave 19777
Democratic Republic Cu42-138 Polarography (SWP)
Pb 16 - 32
Cd79-19
United States of America Cd 03322 Inductively Coupled 2016+
Plasma - Mass
Spectrometry (ICP-MS}
United States of America Hg 21*** Cold Vapor — Atomic 2008*
Absorption
Spectrometry (CV-AAS)
India Fe 530 — 2200 Inductively Coupled 2010
Zn 14 - 56 Plasma - Optical
Ni61-13 Emission Spectrometry
Cu15-38 (ICP-OES)
Cr27-98
Pb 1.1 -31
d029-12
United States of America Mn 140 - 370 Inductively Coupled 2015
Ni15-44 Plasma — Mass
Co 0,65~ 1.00 Spectrometry (ICP-MS}
Cr 0.88 — 6.46
Pb 046 -1.23
Cd 0.752-1.74
United States of America Hg 17.9 - 24.9%%* Cold Vapor - Atomic 2015
Absorption
Spectrometry (CV-AAS)
United Kingdom Nind — 1.4 X-ray fluorescence (XRF) 2015%
Crnd - 34
Pbnd — 12
Cdnd - 17
Asnd — 05
Poland Fe 660 — 420 X-ray fluorescence {XRF) 20187
Zn 50 — 65
Mn 100 - 160
Ni28-3.0
Cu22-29
Cr 1.4 (LOD} — 16
Pb 0.31 - 0.57
As < LOD
Brazil Fe 880 Inductively Coupled 2019
Zn 43 Plasma - Optical
Mn 220 Emission Spectrometry
Ni 8.2 (ICP-OES)
Cu 16
Co 099
Cd 0.96
As < LOQ

*Values per unit [pg/cigar).
**the samples were leaves from which cigars could be made.
***Values per unit [ng/g).

HNO3/HCIOy4 (4: 1) and heating until clarification. The contents of the
examined heavy metals were determined using square wave polarography.*

Lugon-Moulin et al. in the paper from 2006 analyzed 755 leaf samples of
three major types (Flue-cured, Burley and Oriental) obtained from 13
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countries on four continents between 2001 and 2003. The sampling method
involved acquiring leaves from one farmer’s field (s) and from different
plants at random. The samples were oven dried at 60-70°C and 500 mg of
each were digested in 10 mL of concentrated HNO; in a microwave-accel-
erated digestion system. The solution was transferred to 200 mL volumetric
flasks and brought to a final volume with deionized water. To specify the
content of Cd, ICP-MS was used. Although this is not strictly on cigars,
the tested tobacco leaves could have been used in cigar production.*

In Panta et al. research from 2008 on mercury content in tobacco, the
AMA-254 advanced mercury analyzer was used. It included a system for
sample pyrolysis, Hg trapping by amalgamation with gold, and detection by
an in-line atomic absorption spectrometer. Only one brand of cigars was
analyzed, measuring 12.7cm in total length and 1cm in diameter. Whole
cigars, after removing the plastic tip, were simply placed directly into a
quartz pyrolysis tube using Teflon coated tweezers after weighing. The
mean moisture (6.2%) of a cigar was defined as the weight difference
before and after drying it for 3h at 100°C."!

In a 2010 publication, Verma et al. described some heavy metal concen-
trations in different Indian tobacco products, including five brands of
cigars. The research was carried out in Rohtak, located in India. Samples
were purchased in local markets according to their availability and use by
smokers in and around the city. Tobacco samples were taken from cigar
filler and ground to ~200 mesh size using an agate mortar and pestle. One
gram (accurately weighed in the fifth decimal place) of each homogenized
sample was digested using a combination of mineral acids (HF, HNO; and
HCIO,) supported by high temperature. Subsequently, the solution was
evaporated to dryness, recovered with 2mol/dm* HNO; and kept in the
laboratory systematically for elemental analysis using ICP-OES.**

Pappas et al. in 2015 studied levels of content of some heavy metals in
little cigars that were purchased domestically (USA) in 2014. All 17 brands
of cigars were selected based on their availability. Filler samples were dried
for a minimum of 1h at 90°C and then ground for 20s to improve homo-
genous in a Smart Grind coffee grinder. Weighed sample portions
(0.100-0.150g) were digested with double-distilled nitric acid, hydrofluoric
acid and 35% hydrogen peroxide, supported with microwaves. The digested
samples were diluted with ultrapure water to a volume of 100 mL. An S.C.-
DX FAST autosampler was used to eliminate carryover and guarantee high
sample throughput. Metal concentrations were measured with an ICP-MS.*

In 2015 Fresquez et al. studied the mercury content in the same 17
brands of cigars as Pappas et al. The tobacco drying and homogenizing
methods were also identical. However, samples were purchased from online
retail outlets and approximately 0.050+0.010g of dry tobacco filler was



23

7 P|¥ t‘\ "
Sl FACULTY OF
b CHEMISTRY
GDANSK UNIVERSITY
OF TECHNOLOGY

184 (&) P.J. HACET AL

taken for analysis instead of 0.100-0.150g. Mercury concentration was
determined by UV absorption at 253.7nm with a cold vapor - atomic
absorption technique.”™**

Caruso et al. in 2015 analyzed As, Pb, Cr, Ni, and Cd concentrations in
23 filtered cigars. Samples consisted of seven brands and were purchased in
June 2013 from a retail website. The researchers had chosen the products
according to their availability and popularity. Cigars from each brand were
purchased in flavored and unflavored variants for comparison. Cigar packs
were conditioned at 22.0+2.0°C and 60.0+2.0% relative humidity in an
environmental chamber before testing. Metal content testing was performed
at the University of St. Andrews (Scotland, UK). The sample preparation
included tobacco drying, powdering, and pressing into pellets. 25 elements
concentrations were measured with polarized energy-dispersive x-ray fluor-
escence (XRF), but the authors focused on the five most toxic.*®

Majewska et al. in 2018 measured levels of 18 elements in some tobacco
products that had been purchased from local markets (Poland). Cigar fillers
were carefully separated, dried, and ground with the ultrapure mill. 0.2g of
tobacco powder was mixed with high purity HNO; (Merck Surapur 65%,
6mL) and 200 puL of 100ppm water solution of Ga(NOs;), (Merck). The
solution was mineralized in a microwave oven. To measure the concentra-
tions of the elements tested, a S2 Picofox spectrometer was used, equipped
with a 30 W X-ray tube with a Mo anode working at 50kV and 600 A. The
paper does not present the exact contents; however, charts illustrating them
were presented. The data was therefore obtained from the charts using the
GetData Graph Digitizer program.”’

Ferreira et al,, in 2019 studied the mineral composition of some tobacco
products. The authors had bought 22 samples (eight cigars) at the fairs in
the city of Salvador, Bahia, Brazil, from specific tobacco stores. The tobacco
products were cut into smaller pieces and dried by lyophilization (Liotop
Model L10) for 72 h, after which the samples were powdered for 10 minutes
in a ball mill (PM 100, Retsch, Diisseldorf, Germany). Approximately
200 mg of homogenized samples were transferred to polytetrafluoroethylene
(PTFE) digestion vessels and 2.1 mL of HNO; (65%) 1.2mL H,0, (30% m
m ') and 6.7 mL of deionized water was added. The samples were digested
in closed vessels kept at a temperature of 180°C for 2 h. After the process,
a solution was filled to 15 mL with deionized water. An inductively coupled
plasma optical emission spectrometer (model E720, Agilent, Varian,
Mulgrave, Australia) was used for an;«llysi&33

Results

In this work, the content of selected heavy metals was analyzed in ten
papers published between 1972 and 2019 (no data were available between
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Figure 3. Box and whiskers plots with normalized contents of all determined elements. The val-

ues on the vertical axis are not concentration values. The boxes contain most of the results for
a given element, the horizontal segment inside them determines the location of the median,
and “x" shows the mean*~

2020-2021). In some of these papers, other CT products were referred to
as “cigars”, which was noted in the Discussion. For the purposes of deter-
mining the content of the 11 selected heavy metals in this work, no distinc-
tion was made as to exactly which product, referred to as a “cigar”, was
examined by the authors, or whether they were only leaves from which
cigars can be made. The results are shown in Tables 1 and S1 and summar-
ized in the graphs in Figures 2 and 3.

Element content analysis

First of all, it should be noted that most studies used the unit “pg/g of
tobacco’, and only in one, from 1972, the content was defined as
“pglcigar”. Figure 2 presents graphs that compare the content of individual
heavy metals in cigar tobacco from the cited works. Their contents in
tobacco differ from each other and are distributed as follows (according to
average values): Fe>Mn>Zn> Cu>Pb>Ni>Cr> Cd> Co > As > Hg.
When analyzing the values presented in Figures 2 and 3, and in Tables 1
and S1, it can be noticed that tobacco has the highest content of iron and
manganese. Heavy metals such as Pb, Cd, Ni, and Cr are usually found in
small amounts, and Co and As can be regarded as trace elements. Mercury
at cigars occurs in the lowest concentrations, on average around 21 ng/g of
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tobacco. The graphs should be interpreted so that most of the results are
within the boxes, that is, between the first and third quartiles and around
the median (horizontal line inside the box). The points outside the boxes
and whiskers are diverging points.

As evidenced in Figure 2, the reported concentrations of several heavy
metals cover a wide range of values, with some concentrations being
significantly higher than the average value. Analysis of Table 1 shows
that the deviating values often originate from specific works. For example,
in the case of lead, values an order of magnitude greater than in the rest of
the works come from Franzke et al. from 1977.%° The authors of the study
specify neither the place of origin of the tobacco from which the products
were made nor the method of production. A similar observation, relating
to the same work, can be made for copper, cadmium, and zinc. Although
here the values are not always an order of magnitude higher, they are still
clearly higher than in the other works.

A similar situation occurs in the results of the work of Verma et al. from
2010*" where the nickel and chromium content is noticeably higher than in
other studies. However, this relationship cannot be observed for other
heavy metals. The lead content in the results of Verma et al.** is higher
than in later analyzed works of other authors, but lower than in the earlier
work of Franzke et al.*” Copper, on the other hand, occurs here at the low-
est concentration of all studies (except for one result), as does cadmium.
The iron content generally, apart from one significantly different result,
corresponds to the values of the other cited works. In addition, it is not
stated in this paper that the test tobacco had been dried. If the moisture
was not truly eliminated from the sample, the values would be higher when
converted to the dry matter content.

It is interesting that the values from the work of Menden et al. from
1972, which are defined as the content of an element per the whole cigar,
are contained within the boxes. Although the weight of the product tested
is unknow, cigars usually weigh from about one and half to several
grams.” Assuming a similar weight range to convert the content reported
per cigar to the unit of pg/g of tobacco would result in an even
lower value.

When considering why in some studies the content of heavy metals is
higher, two reasons can be taken into account: the impact of year of the
study (the awareness of elemental impurities has developed over the years)
or the type of samples. Although there are few works available, it would
seem that the first factor is not likely to be the cause of such a phenom-
enon. In the case of the heavy metals whose contents are higher, the ana-
lysis of the results from other, both earlier and later works, shows no
dependence on the sampling time. The influence of the broadly understood
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“sample type” is more likely. This includes both the origin of the tobacco
and the method of preparation (machine or manual) and the effect of any
additives. Unfortunately, there have been few works on this subject, which
makes it difficult to determine the cause of this phenomenon with cer-
tainty. There is a probability that random batches of products had been
contaminated. It may even be associated with a limited number of samples
or with tobacco growing in only one season. A broader analysis involving
more products, brands, variants, and countries of origin would provide
valuable information. Regular research would help determine the trend in
the content of the heavy metals in tested cigars.

By analyzing the graph of normalized values (according to Equation 1)
values in Figure 3, it is possible to see how the contents of the heavy metals
in tobacco are distributed in the examined works. In the case of the ele-
ments Zn, Co and Hg, a narrow scatter of the results was observed. In the
case of other elements, some values are much higher than others, some-
times even thirty times.

X—min

S T (1)

max — min

Where:
n — normalized value,

- value subject to normalization,
min — minimum value in the data set,
max — maximum value in the data set.
The work of Verma et al.** presents a summary of the the results of
elemental analyses of 22 studies and the results of the elemental analysis of
cigarettes from the authors’ own research. These and other®”?* results from
the analyzed works are shown in Figure 4 and the results obtained for ciga-
rettes are summarized.

Discussion

Analyzing the literature data on cigars, it can be concluded that despite the
growing popularity of these products since 1993, they have not been as
widely described by researchers as cigarettes. This is confirmed by the com-
parison in the work of Verma et al,** in which the authors compared the
results of their own research on selected products with the data in the lit-
erature. The authors cited as many as 25 references for cigarettes, 2 for bidi
(a cigar-like product, but the wrapper is made of Tendu leaf), 4 for chew-
ing tobacco, and 3 for snuff. However, they did not cite any work on the
content of the tested metals in cigars.

Often such studies are not strictly focused on cigars. In two of the stud-

ies”™*! they were tested only for comparison with the results obtained for
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Figure 4. Box and whiskers plots with the results of the determination of the selected heavy
metals in cigarettes. The boxes contain most of the results for a given element, the horizontal
segment inside them determines the location of the median, and “x" shows the mean. The val-
ues are from the works of Verma, Menden and Majewska et al.**?"%®

cigarettes, and in another one™ it was not finished products that were

tested, but leaves from which cigars could be made. In the oldest of the
cited works, the authors wrote: “For comparison, we determined the metal
content of one brand of cigar and one brand of pipe tobacco, which were
purchased on the market.” When choosing a cigar for comparison, the
authors do not state that they were guided by the origin of the leaves or
other factors that may have turned out to be crucial for the content of the
heavy metals being determined.

The relatively small number of items and often secondary importance of
cigars in the literature prove that these products are not a popular subject
of research and that they are not given due attention, despite their
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popularity growing for almost thirty years. Thus, it can be concluded that
further research on cigars will be scientifically valuable.

Another piece of evidence of the lack of proper attention to cigars is the
issue of inconsistent naming, as noted by researchers.”'*!'* There is a dis-
tinction between traditional, premium quality large cigars, smaller little
cigars and cigarillos. The works often refer to them all generally as “cigars”,
which is unjustified and confusing as these products differ in the way they
are made, and often also in the type of tobacco. When starting research,
the tested material should be defined as precisely as possible, not only clas-
sifying it, for example, within the scope of tobacco products but also, if
possible, specifying the place and time of purchase, the origin of leaves, etc.
Calling various products collectively cigars in the works makes it difficult
to compare them with each other.

Expanding beyond the scope of this work the issue of nomenclature, it is
worth noting that some inhaled nicotine products no longer contain
tobacco, thus it is worth implementing the term nicotine products to which
tobacco products belong. It is also worth noting that some new systems
have been developed to heat tobacco instead of burning it.””>* The men-
tioned feature makes it impossible to qualify such systems as combustible
tobacco - CT. It is interesting to note that the so-called “hookah™ or
“shisha”, which has been known for a long time as popular “wet” tobacco
products, cannot also be called a CT because the tobacco in it is heated
instead of burned. The use of the correct nomenclature is essential for the
correct description and comparison of the nicotine products tested.

The authors of one of the works on nickel toxicity” report that environ-
mental sources of lower levels of nickel include, inter alia, tobacco.
However, smoking cigarettes has been found to be a non-occupational
source of nickel exposure due to the fact that each cigarette contains
1.1-3.1 pug of nickel and up to 20% of it may occur in the gaseous phase.
The authors summarized this paragraph with the words: “pipe tobacco, cig-
arettes and other types of tobacco products do not greatly differ from one
another in terms of nickel content”, following Cempel and Nikel,** whose
study they refer to. At the same time, however, they note that: “(...) vege-
tables usually contain more nickel than do other food items”, and that the
element in question can be leached from pipes and containers for drinking
water and carbonated drinks. The authors provided imprecise information,
as it is not known what plant products (when and where they were taken)
were compared. However, it should be noted that the indicated range of
nickel content in the products generally corresponds to the values collected
from the analyzed works. Nevertheless, as can be seen in Table S, in the
work of Verma et al*! the nickel content is at least two and sometimes
even three times higher. This could confirm the importance of the origin
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of the samples, their preparation and the growing environment of the
tested plants.

Heavy metals have been shown to be taken up by tobacco plants and
accumulated in them.™ Although in the conducted studies the transfer of
nickel to plants was the lowest among the examined heavy metals, in gen-
eral terms, the content of nickel in plant tissues always increased along
with the increase in the content of metal in the soil.**

Proper preparation of samples for elemental analysis is crucial. For
example, it is worth noting that while tobacco was dried in the other
works,”>** in the work of Verma et al.** - it was not. Cigar tobacco has a
certain amount of moisture that ensures flexibility of the leaves and thus
prevents them from crumbling when stored or used. A crumbling cigar is
practically unfit for consumption. Not taking into account the influence of
water makes it impossible to compare the test results. Good practice, as
evidenced by the authors of other publications,”® ** is to determine the
content of heavy metals in a dried or lyophilized product. Despite the lack
of such information, it can be assumed that Verma et al. had dried the
tested tobacco some extent, which is supported by the fact that they homo-
genized the sample in a mortar. This would have been very difficult with
moist tobacco. However, it is necessary to dry the tobacco prior to wet ash-
ing. Alternatively, it is possible to perform a parallel water content analysis
for a statistically significant number of samples to provide the data needed
for calculation adjustment.

Menden et al.*” stated in their description of the preparation of analytical
samples: “The samples of tobacco, ash, or TSC (tobacco smoke condensate)
were either wet ashed or dry ashed. The two methods were used as con-
venience dictated, since no evident difference in results could be associated
with these procedures.” However, there is no information that researchers
had optimized mineralization methods, which would clearly show whether
it was possible to observe differences between the methods used. For dry
ashing, the authors moistened the sample with concentrated nitric acid.
These conditions appear to be sufficient for the quantitative sequestration
of nickel and cadmium, consistent with the researchers’ finding of no
apparent difference in results associated with the use of different ashing
procedures. Franzke et al* expected cadmium losses during dry ashing
and therefore only used wet ashing.

Elemental analysis requires attention to every detail that could constitute
a potential source of contamination of the sample with the tested heavy
metals. Ferreira et al.” report that the tobacco was homogenized in a ball
mill (PM 100, Retsch, Diisseldorf, Germany). A ball mill with metal balls
can contaminate the sample with metals that the balls are made of. For
comparison, Verma et al.** precisely indicated that an agate mortar and
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pestle were used to homogenize the samples. Careful preparation of sam-
ples reduces the possibility of their contamination, and precisely describing
the optimal procedure allows others to apply it in their research.

In some studies, the tested products were compared with each other. For
example, in the work of Panta et al.’ it is easy to notice that the tested
cigar contained on average significantly more mercury than the tested ciga-
rettes. In another publication, seven years prior,”* the determined mercury
content was of a similar order of magnitude.

Conclusions

In studies comparing the content of tested metals in cigars and ciga-
rettes”**** or cigarillos,” in most cases the cigars were characterized by a
higher content of the toxic heavy metals. This may indicate a greater harm-
fulness of cigars than of cigarettes, as mentioned before. Smoke, whether
exhaled or sidestream, pollutes the atmosphere around the smoker.
Therefore, regardless of the product and the smoking method, passive
smoking is always a source of exposure. In this approach, the exposure can
be estimated regardless of the smoking method. After analyzing the avail-
able literature on heavy metal content in cigars, the following directions of
future research have been identified:

First, due to the small number of studies on the content of heavy metals
in cigars and inaccuracies related to the nomenclature of these products, a
need for a wide range of research on this subject has been identified. It is
necessary to improve analytical procedures and perform basic tests for sam-
ples from different regions. Thanks to extensive research on cigars, but also
on other nicotine products, it will be possible to compare product groups
and, consequently, exposure of their consumers to the toxic substances
contained in the products.

Secondly, based on the literature data collected from 1972 to 2019, it is
not possible to clearly determine trends in the content of determined heavy
metals in the discussed tobacco products. Therefore, there is a pressing
need for long-term analyses of cigars for selected heavy metals. Although
the lack of a noticeable trend in the literature to date in the content of the
selected heavy metals over time does not exclude the existence of such a
relationship, the time factor may be less important than the origin of the
leaves. In addition, consumers of cigars attach great importance to the ori-
gin of the leaves from which the cigar is made, unlike, for example, cigar-
ette consumers. Therefore, sellers present such information in the product
specification, thanks to which cigars can be treated as a probe for testing
the degree of contamination of tobacco crops in individual countries of
leaf origin.
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Thirdly, the analysis of the collected data shows that the concentrations
of one analyzed heavy metal may vary vastly within different origin sam-
ples. Therefore, it is impossible to fully agree with the authors**® who
indicate that tobacco belongs to environmental sources of lower levels of
nickel. This is a generalization, and when analyzing Table 1, it is not diffi-
cult to notice that the nickel content in the work of Verma et al* is higher
than in the other works. The metal content in tobacco can be determined
by the tobacco growing environment and the environment and method of
cigar production. Important information can be provided by testing sam-
ples that differ in terms of their production and country of origin (tobacco
growing). The problem may also concern other elements from a wide spec-
trum of those potentially harmful to consumers.

Fourthly, as can be seen in Figure 4, the average marked content of
selected heavy metals in cigarettes in the works selected by the authors gen-
erally corresponds to the content of these elements in cigars (presented in
Figure 2). However, when comparing these values with the data presented
in supplementary materials, it turns out that some of the heavy metals con-
centrations in analyzed cigars could be considered as higher. Therefore it is
advisable to develop research into cigars, cigarillos and little cigars.
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5.2. Oznaczenie rteci w tytoniu cygarowym jako
wyzwanie analityczne

Pawet Ha¢, Bartlomiej Michat Cieslik i Piotr Konieczka
Analityka: Nauka i Praktyka iss. 3 (2020) 44-51

-67 -



FACULTY OF
CHEMISTRY

GDANSK UNIVERSITY
OF TECHNOLOGY

FORMY'SPECIACYINEAR:

na arsenu jest niezwykle istotna’z puriktu widzenia roznic w toksycznoSci roznych

Analiza specjs
form tego pierwiastka Ofaz ciaglym jego dostarczaniu do Srodowiska wskutek dziatalnosci czlow

i
Obecne w probkach srodowiskowyeh'sladowe iloSci zwiazk6w arsenu moga byc 2 powodzeniem
oznaczone z wykorzystaniem roznorodnych metod separacji/wzbogacanmiai oznaczania.
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Oddajac w Paristwa rece poprzedni numer ,Analityki”, mialem nadziejg, ze jesienny
bedzie juz bardziej optymistyczny. Epidemia jednak nie odpuszcza i coraz bardziej
przyzwyczajamy sie do pracy zdalnej i spotkar internetowych, czekajgc na spodziewang
druga fale koronawirusa.
Nie poddajemy si¢ jednak | kolejng Anamyke odddn my w Panstwa rece.
Godny polecenia jest artykul przedstawiajacy problt ¢ analityki zwiazh
zapachowych Zywnosci, Identyfikacja zwigzkow odpaw:edya/n)«ch za zapach danego
produktu jest niezwykle wymagajacym obszarem chemii analitycznej, gdzie granice
wykrywalnosci determinuje ludzki nos.
Czytelnikéw zainteresowanych metodami chromatograficznymi zaciekawi zapewne
material 0 metodach oznaczania aminokwasow tiolowych w wybranych plynach
biologicznych czlowieka. Material ten powstal na podstawie rozprawy doktorskiej
dr Justyny Piechockiej nagrodzonej w 2019 roku przez Komitet Chemii Analitycznej PAN.
Artykul omawiajgcy zaleznosci kalibracyjne — od modelu do praktyki laboratoryjnej
2wrdci na pewno uwage wszystkich zainteresowanych metrologia. Celem opisanych
rozwazaf jest pokazanie, jak wazne jest wlasciwe dopasowanie wzorcow sluzacych do
wyznaczania zaleznosci kalibracyjnej wzgledem zawartosci analitdw w badanych probkach.
W dziale , Praktyka” awraca uwage ciekawy artykul napisany przez autorke z wieloletnim
doswiadczeniem o roli badar fizykochemicznych w analizie Sladéw kryminalistycznych.
Oczywiscie w drugiej czesci Analityki” brakuje sprawozdari z konferencji, sympozjow
i mnych wydarzert zwykle integrujacych Srodowisko chemikdw analitykdw.

Zycie konferencyjne zamarlo i nadziefe, ze odzyje jesienia, sq nierealne. Kolejni
organizatorzy przenosza spotkania na przyszly rok. Zycie nie znosi jednak prozni
i wszyscy starajq sie dostosowad do sytuacji
Komitet Chemii Analitycznej PAN ukonstytuowal si¢ | rozpoczal nowq kadencje,
Obszerny material 0 KChA, jego strukturze i dzialalnosci mozna przeczytac w tym numerze.
W wydawnictwie powolalismy nowa Rade Prog 3. O jej roli i zadaniach postaram sie
napisac w kolejnym numerze.
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ktére moga doslownie zatyka¢ uklad pomiarowy.

analityczne

Wielu jest znanych milosnikéw cygar, lecz jednym
z najbardziej rozpoznawanych z pewnoscia byl premier
Wielkiej Brytanii | laureat literackiej Nagrody Nobla
— sir Wington Churchill. Zwigzek polityka z cygarami
zostal w szczegdlny sposGb uhonorowany przez pro-
ducentow, ktorzy jeden z najwiekszych formatow cygar
nazwali na fego czes¢. Sam Winston Churchill palenie
za$ traktowal jako czynnos¢ sakralng, o czym $wiad-
czy¢ moze znana anegdota, kiedy to dowiedziat sie, ze
zasady refigijne kr6la Arabii Saudyjskiej, Ibna Sauda, nie
toleruja tak cygar, jak | whisky. Niezrazony powiedzial
wiwezas wladey: PoniewaZ religia Waszej Wysokodci
nakazuje powstrzymanie sie od palenia i picia alko-
holu, musze podkreslic, ze moje reguly zycia nakazu-
fa mi z absolutng Swigtoscia traktowal palenie cygar
oraz picie whisky przed i po, a jeshi jest to konieczne,
réwniez w trakcie positkow ", Churchill palit 8-10 cygar
dziennie, co nie przeszkodzilo mu dozy¢ 90 lat.

Zarbwno dawnie], jak i dzié, eygara majg licznych entu-
Zjastéw. Jak padaje Statista, rynek cygar od 2016 roku
systematyeznie rosnie. Wedlug najbardziej aktualnych
danych (sprzed wystapienia pandemii COVID-19), przy-
chody w tym segmencie wynoszq 17 558,8 min dolaréw
rocznie | szacowano 2,8-procentowy wzrost w latach
2020-2023 (warto podkredlic, ze przez wzglad na kry-
2ys spowodowany zaistnialy pandemiy, dane mogg byd
nieaktualne). Odpowiada to oczywiscie na Swistowe
zapotrzebowanie, w ktérym rosnie grono cigar aficio-
nado, czyli ;miloénikow cygar”. Liczba produkowa-
nych cygar wysokogatunkowych siega setek milionGw
sztuk rocznie, Ich roczna konsumpeja w samych Sta-
nach Zjednoczonych podwoila sie w latach 2000-2016
{z 6,2 min sztuk do 12,0 min sztuk). Skale rynku tyto-
niowego dobrze odzwierciedla roczna liczba zgonéw.

I44 ANALITYKA - NUMER 3, ROK (XXI) 2020

Szczegblny problem stanowi oznaczenie zawartosci rteci w dymie cygarowym, cygaro bowiem rézni sig
od papierosow wielkoscig, fakturg, wilgotnoscia, ale takze emituje znaczng ilosc oleistych substancji,

Oznaczanie rteci w tytoniu
| cygarowym jako wyzwanie

Tych spowodowanych paleniem bylo w samym 2017
roku okolo 7,1 miliona. Jak podaje WHO, wedlug stanu
na 2019 rok, palaczy wyrobow tytoniowych jest okolo
1,1 miliarda (z czego 80 % w krajach nisko i Srednio
rozwinigtych), a rocznie w wyniku uzywania tytoniu
umiera 8 milionow ludzi, Nie sposob wiec zignormwad
wagl wyrobdw tytoniowych i ich wplywu na organtzmy
Zywe.

Tytori i dym tytoniowy zawierajq wiele kancerogendw
toksyn i substancji uzalezniajacych. W samym dymie
zidentyfikowano ponad cztery tysigee zwigzkéw, w tym
wiele szkodliwych, Wszystkie one mogq prowadazic
u konsumenta do szerokiej gamy chorbb, od nowotwo-
rowych po uzaleznienie (ujete w systemie klasyfikacy
choréb ICD-10 International Statistical Classification
of Diseases and Related Heaith Problems jake FI7.
czyli zaburzenia psychiczne | zaburzenia zachowanis
spowodowane paleniem tytoniu), Wérdd zwigzkém
rakotworczych wyr6zni€ mozna; nitrozoaminy, wies
lopierscieniowe zwiazki aromatyczne, lotne swigess
organiczne i metaie, wirdd ktorych odnalezé moana
rte¢ wystepujaca w Srodowisku pod trzema postaciams
(elementarng, organiczng | nieorganiczng).

W 2015 roku opublikowano wyniki badaf wigzacyeh
émiertelnos z paleniem cygar (publikacja dotycayta
riwniez $mientelnosci zwigzanej z paleniem papies-
sow). Zestawiono palaczy wylqcznie cygar (bes episs-

dow wezedniejszego palenia papierosow lub fajki se
Smiertelnosciy mu‘zanq z ich patemem Pmy sﬂﬂyd
tendencjach do cygar dzi

dymem zauwazono zalezno$¢ z ryzykiem ‘rnm
&i z powodu raka jamy ustnej, pezelyku, ketani § plac
Wir6d as6b deklarujacych niewdychanie dyme wagied
ne ryzyko Smiertelnoéci bylo nadal podwy. =
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wzgledu na nowotwér jamy ustnej, przelyku i krtani. Na
podstawie wynikéw przeprowadzonych badafh mozna
bylo wywnioskowaé, ze palenie cygar niesie ze sobg
wiele podobnych zagrozen dla zdrowia jak palenie
papierosdw. Ryzyko Smiertelnosci, wynikajace z pale-
nia pierwszych wymienionych, rozni sie w zaleznosci
od wielkoSci narazenia, mierzonego w liczbie palo
nych cygar dziennie i tendencji do wdychania dymu
W zaleznosci od tych czynnikow, ryzyko Smiertelnosci
moze by¢ réwnie wysokie lub wyzsze niz w przypadku
palenia papierosow. W pracy z 2009 roku zauwazo-
no, ze istnieje zaleznos¢ pomiedzy zawartobcia rteci
w ludzkich wlosach a paleniem lub przebywaniem
w atmosferze dymu papierosowego. Brakuje jednak
f CYgAr
Z racji skali rynku cygarowego, nieporowr

podabnych badan dotyc

zacych palacz

ywalnie

wprawdzie mniejszego od papierosowego, jednak
weigz znacznego, badanie tych wyrobéw pod katem
zawartosci lub emisji szkodliwych substancii jest wska-
zane. Ponadto, dotychczas powstato niewiele prac
dotyczacych jako takiego badania cygar czy tez dymu
cygarowego. Nie ma tez podstaw, by z jakiegokolwiek
powodu ignorowad czy pomijac konsumentow tej gate-
zi rynku tytoniowego, ktora obok palenia tradycyjnej
fajki i zazywania tabaki jest duzo starsza anizeli najpo-
pularniejsze dzisia papierosy. Bostwo (Cod L) palace
przedmiot bardzo przypominajacy cygaro znajduje sig
na

na reliefie (rys. 1), datowanym na 684-702 1. n
framudze drzwi w wewnetrznym sanktuarium Swiatyni
Krzyza w Parku Narodowym Palenque w Meksyku

Uprawa tytoniu i produkcja cygar
Przyblizajac proces produkdji, wyrozni¢ mozna kilka
waznych etapow: uprawe | zbior, suszenie, fermenta

mieszanie i zwijanie. Na kazdym z nich moze dojs¢
do zanieczyszczenia riecig lub innymi toksycznymi suby
stancjami

Wysokogatunkowe cygara wykonuje si¢ z najwyzszej
jakogci tytoniu najlepszych gatunkéw — zdaniem kone-
ser6w, est on nadal uprawiany tradycyjnymi metodami,
stosujac sig do surowych wymogow stawianych produk-
cji. Sprawia to, ze tak wyhodowane liscie znajduja sze-
rokie uznanie, jednak jest ich niewiele, przez co cena
wysoka, Czynnikami wplywajacymi na jakosé produktu
sq: zyznos¢ gleby, naslonecznienie, stopien opadow
w ciggu roku oraz wilgotnos¢ i temperatura. Uwaza sig
jednak, ze sq one jedynie dodatkiem do najwazniejsze-
go — profesjonalizmu plantatorow.

Od przeszlo stu lat uprawie tytoniu na Kubie towarzy-
szy ten sam klimat. Przyémione $wiatlo, aromat roélin
i charakterystyczny podest dla lektora. Legendarne;
jakoscl tytof uprawiany jest na zachéd od Hawany
w prowingji Pinar del Rio, gdzie najstynniejszy jest
rejon wokdl miejscowodci San Juan y Martinez oraz
San Luis. Tam znajduja sie stynne plantacje (hiszp,
vega): Hoyo de Monterrey, El Corojo czy Vegas Roba-
ina, Uwaza si
do wegetacjl tytoniu: odzywcza i czerwona gleba,

e panujace tam warunki sq idealne

FACULTY OF

Rys. 1. Kopia z 1822 roku rysunku reliefu wykonanego przez Ricarda
Almendariza okoto 1786 roku, znajdujaca sie w zbiorach Biblioteki

Johna Cartera Browna na Uniwersytecie Browna w Providence
w stanie Rhode Island. Tytul rysunku: Palenque relief, God L
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Papierosy Cygara Tyton do 2ucia
Suzukillaponia 708+ 11,7 - 1976
Swukifpozalaponia | 305+ 106 = 1976
Panta/UsA 130513 208=10 6306 2008
ol I VT ERTET = 2009
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do Zucia, za pomocq atomowej spektroskopii absorp-
cyjnej z wykorzystaniem amalgamatu zlota wykazal,
7e w cygarach zawartodC rteci (20,8 = 1,0 pg/kg) jest
wyZsza niz w papierosach (13,0 = 1,3 pg/kg). Najniz-
sz3 Zawartos¢ odnotowano dla tytoniu do zucia (6,3 =
0,6 p/kg). Badacze w tym przypadku nie badali dymu
z papierosbw ani cygar.

Jak podali Kowalski | Wiercidski w pracy z 2009 roku,
ktorzy oznaczali rie¢ w filtrach, dymie i papierosach
dziesieciu marek, zawarto$¢ w samym tytoniu zawie-
rata sie w przedziale miedzy 5,19 pg/kg a 11,28 pgkg
i praktycznie nie byla zalezna od zawartosci substan-

(AL LA LILA TN

uklad do pobierania dymu ,mechaniczne usta” stosowa-
ny przez autoréw w ramach ich badan, W tym wariancie
dym byl najpienw zasysany do strzykawki, a nastgpnie
uwalniany po przekegceniu zaworu | badany z wykorzy-
staniem techniki zimnych par. Zawartos€ rteci calkowitej
w dymie miecita sie w wiekszosci przypadkéw w prze-
dziale od 6 ng do 10 ng/papieros, Oszacowano na tef
podstawie, ze biorgc pod uwage dwadziescia papiero-
stw jako érednig liczbe wypalarvych sztuk dziennie przez
jedng osobg, organi wystawiony jest na
dzialanie 60 ng — 200 ng neci. Riet wd\lome(.l przez
dmﬂ oddt'thowe jest we knwi, jednak czed¢ w postach

Gi smolistych lub nikotyny, W popiele p o od
0,02 pgkg do 0,19 ugkg. Jz0n0, ze wiekszos¢ fil-

portawana jest do mozgu, gdzie moze
dklad ‘s»e po przekroczeniu bariery krew-mézg.

trbw nie zatrzymywala rteci. Na rysunku 3 przedstawiono

Rys. 3. Zasady dziatania ,sztucznych ust” 2 eksperymentu Kowalskiego

i Wiercifiskiego. Objasnienia: A — papieros, B —lédeczka na prébke do zbierania
popiotu, C - pluczka wodna, D — obrotowy zawor pompy, E - strzykawka pompy,
1 - pozycja zaworu i ruch tloka przy zasysaniu powretrza, 2 — pozycia zaworu

i ruch tloka przy uwalnianiu zassanego powietrza.

Fresquez ze wspOipracownikami w pracy z 2013 roku
podial si¢ okredlenia zawartoci toksycznych metali
w tytoniu papierosowym ze Stanow Zjednoczonych.
Przeanalizowano pod tym katem papierosy piecdzie-
sieciu marek zakupione w sprzedazy detaliczne] w aglo-
meracji Atlanta, w stanie Georgia w 2011 roku. Do
oznaczenia reci wykorzystano analizator rteci MA 3000
firmy Nippon 7 Sci rteci w badanych
lach zawieraly sie w przedziale migdzy 12 ugkg
a 23 pg/kg. Ten sam autor w pracy z 2015 roku, podwie«
conej badaniu zawartosci rtgei w malych cygarach,
wykazal wigkszq jej zawartos¢ w stosunku do wezesniej
badanych produktow, mieszczaca sie w przedziale od
17,1 ug'kg do 24,9 pg/kg.
Tabela 1 zawiera ienie wynikéw z przy
prac. Uwage zwraca wyrazny spacek zawartodci rteci
od lat siedemdziesigtych.
Do badan wlasnych zamdwiono siedem cygar, ktore
odpowiednio r6znily sie krajami pochodzenia, co
przedstawiono w tabeli 2. Przy wyborze poszcze-
golnych cygar starano sig, by te zrobione byly z lisci
pochadzacych z konkretnego regionu, a nie zas blendu,
czyh mi ki tytoniow z roznych regi
Jak mdac cygara uzyte do badaf s nie tylko wysoko-
gat ale ia teZ przekroj uznanych pmdu-
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centéw z rdznych regiontw Morza Karalbskiego | Zato-
ki Meksykariskiej.

Podst ym bad lzonym wezesniej
w ramach oznaczefi fteci w papierosach bylo bacla-
nie tytoniu i fillréw przed paleniem oraz filtrow po
paleniu. W przypadku cygar, ktore jako takiego filtra
nie maja, nie ma potrzeby badania go przed pale-
niem, poniewaz jego role spetnia sam tytori w gowie
cygara (czes trzymana w ustach, skladem identycz-
na z korpusem), Po jednym cygarze kazdego rodza-
ju podwiecono wigc na analize jego skladu, drugie
zaé spalono, pozostawiajac do badania niedopalek.
Probki w obydwu przypadkach utarto w mozdzierzu
i odwazona do l6deczek pomiarowych po mnie] wig-
cej 50 mg — 65 mg. Te pochodzace z niepalonych
charakteryzowaly si¢ jasnobrazowym kolorem, nie-
dopatkdw natomiast byly ciemnobrazowe. Do analizy
uzyto analizatora rteci MA3000 firmy Nippon Instru-
ments Corporation.

Pogladowo wykonano réwniez pomiary zawarodci eci
w dymie cyga . Jednym z najwaz ych ele-
mentw badan bylo zmi je sie z zaaday i
warunkéw laboratoryjnych do specyficznego i rzadkie-
go w pracowni produktu, jakim jest cygaro. Okazato
sig, ze specyficzna faktura, rozmiar, format, wilgotnosc
i emisja olejkow wymagaja wyjatkowego podejicia
faboratoryjnego, co stanowilo duze wyzwanie ana-
lityezne, W celu analizy dymu wykonano uklad typu
Lszuczne usta®, skonstruowany na wzor tych z przy-
toczonej literatury, kirego schemat przedstawiono na
rysunku 4. Po zaabsorbowaniu rteci na zlozu zlota do
analizy wykorzystywano analizator rteci MA2000 firmy
Nippon Instruments Corporation z przystawka do ozna-
czenia rtect w probkach gazowych.

W wyniku przeprowadzonych badan wlasnych wyka-
zane, e zawartodé rtect w wigkszosci badanych cygar
miesci sie w przedziale migdzy 11,04 ugkg a 13,75
pgkg. Dwa wyniki odbiegaly od tej tendenci, kubari-
skie cygaro Cohiba i meksykariskie Te-Amo, w ktdrym
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Rys. 4. Uklad typu .sztuczne usta” testowany przez autorow. Objasnienia: 1 - cygaro, 2 - filtr z waty kwarcowej, 3 - pluczka
2 toluenem, 4 — pluczka z buforem (pH 7), 5 - ztoze ztota selektywnie pochlaniajace rtg¢, 6 — pompa PS-4 z rotametrem.
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Zawartos¢ rigd [ug/kg)
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ALB(NI) LFD(DO) BOL(CU) ALB.TH(HN) DAV (DO) COH (CU) TAM (MX)

Badane cygara z kodem kraju pochodzenia W Niepalone  ® Niedopalek

Rys. 5. Zawanoit rteci w 1g/kg w cygarach mepalonych i medopaﬂzach wraz z mepewnosdama okre$lonymi na
podstawie trzech p Cygara (i kraje pochodzenia) i kodami: AL.B - Alec Bradley
American Sungrown Gordo; LFD — La Flor Dominicana Double Ligero cmsel Natural; BOL - Bolivar Coronas Junior;
ALB.TH — Alec Bradley Thempus Honduras Natural Genesis; DAV — Primeros by Davidoff Dominican; COH — Cohiba

Siglo I; TAM — Te-Amo Aniversario Piramide Cristal Tubos.

zawartodC neci przekraczata 50 pg/kg. Udowodniono,
ze we wszystkich badanych cygarach zawartos¢ rteci
w niedopatku byla wyraznie mniejsza wzgledem jej
zawartosci w niepalonym cygarze. Stwierdzono tez, ze
w popiele stezenie rteci jest znikome.

Na wykresie przedstawiono wyniki zawartoSci nteci
w cygarach poszczegélnych marek. Przedstawiono
wyniki dla tytoniu zaréwno z nieuzywanego wyrobu,
jak i niedopatka. Ujeto tez kraj pochodzenia cygara,
by zobrazowa¢ zalezno$¢ zawartosci rieci do marki
i rejonu,

I 50 ANALITYKA -~ NUMER 3, ROK (XXI) 2020

Podsumowanie

Analizujac literature dotyczaca oznaczania rteci w wyro-
bach tytoniowych (z naciskiem na papierosyl, zauwazy(
mozna znaczacy spadek jej stezenia miedzy latami sie-
demdziesigtymi XX wieku a latami 2008-2015. Moze
to wynika¢ z nalozonych chostrzen i bardziej odpowie
dzialnego gospodarowania tak rtgcia elementarng, jak i je|
zwigzkami. Autorzy w ramach badaf wiasnych udowod-
nili, ze e w cygarach wystepuje na poziomie od kilkuna-
stu do kilkudziesieciu pg/kg. Wskazane jest dalsze badanie
postaci, pod jakimi wystepuje w tych wyrobach. Wartc
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riwniez skupic sie na rozwijaniu ukladéw typu  sztuczne
usta” stosowanych do pobierania dymu z cygar.
Analogicznie do filtréw, ktére, jak zauwazyli autorzy
Kowalski i Wiercifiski, w wigkszodci przypadkdw nie
zatrzymywaly oznaczanej rteci, stwierdzi¢ mozna,
ze niedopatek cygara pelniacy rowniez funkcje filtra,
takze rteci nie zatrzymuje, 3 wrecz uwalnia jg podczas
palenia. Przypuszczalnie dzieje sig tak za sprawq zaru
i gorqeego powietrza, ktore rozgrzewaja glowke pod
koniec palenia, co moze powodowaé uwolnienie rgci.
Wikazane jest zbadanie zmian temperatury poszczegol-
nych czeéci cygara w miare palenia.

Nalezy zwrdci¢ uwage, 2e w pracy autorstwa Panta 2 2008
roku zawarto$é rteci w cygarach jest wyraZnie wieksza ani-
zeli w papierosach. Potwierdza to takze analiza wynikow
badan zamieszczona w przytaczanych publikacjach Fres-
queza z 2013 i 2015 roku. Uzyskane w niniejsze] pracy
wyniki dla wigkszosci cygar mieszezg sie w przedziale
blizszym tytoniowi papierosowemu 2 prac ostatnich lat
anizeli cygarowemu. Od trendu tego adbiegaja dia bada-
ne wyroby, marki Cohiba i Te-Amo. Obie rznily sig 162
ceng od pozostalych | mokna przypuszezad, ze do upra-
wy tytoniu zawartego w tych wyrobach uzyto érodkéw
zawierajacych red. Wynik badania siedmiu cygar na ten
moment nie wigze wyraznie regionu pochodzenia tytoniu
2 rawartoscia rteci, co jednak takiego zwiazku nie wyklu
cza. Tego typu rozwazania wymagajq jednak analizy duzo
wigkszej liczby probek raznych marek, tytoniu z réznych
regiondw i wreszcie o roznych cenach. W ramach badar
wlasnych udawodniono, ze meksykadski wyréb firmy Te-
-Amo wyraznie odbiega od pozostalych pod wzgledem
zawartodcl fteci, co moze wynikac ze stosowania &odkdw
ochrony roslin, nawozdw zawierajgeych rec lub uprawy
tytoniu na glebach w nig bogatych. Warto przeanalizowac
inne cygara z meksykafiskiego tytoniu, tym bardziej ze
historycznie znane sq przypadki zatrucia rtgcia obecng
w roslinach pochodzacych 2 Meksyku.

Co wazne, zawartosci reci w cygarach Cohiba | Te-Amo
nie tylko sq podwyzszone wzgledem pozostatych bada-
nych produktow, ale tez sa wyzsze niz w wigkszosci
badanych wyrobdw tytoniowych z ostatnich kilkudziesie-
ciu lat. Szczegding problem stanowi oznaczenie zavar-
toéci rteci w dymie cygarowym, cygaro bowiem rézni
sie od papierosiw wielkodcia, faktura, wilgotnoscia, ale
takze emituje znaczng ilos¢ oleistych substandji, ktre
mogq doslownie zatyka¢ uklad typu ,sztuczne usta”.
Oprécz oznaczenia reci w gotowych wyrobach cie-
kawym kierunkiem jest pelna analiza zawartoéci tego
pierwiastka w glebie, urzadzeniach, Srodkach achrony
| nawozach stosowanych przy uprawie tytoniu. Co jed-
nak najwazniejsze dla konsumentow cygar, ich nara-
Zenie na rte¢ w zwiazku z paleniem jest podobne lub
wigksze niz konsumentow papierosdw.

Pawel Jacek Ha¢, Bartlomiej Michat Ciedlik,
Piotr Konieczka

Katedra Chemii Analitycznej, Wydzial Chemiczny,
Politechnika Gdariska
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5.3. Evaluation of mercury content in combustible
tobacco products by employing cold vapor atomic
absorption spectroscopy and considering the
moisture content: a comprehensive study
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Evaluation of mercury content in combustible tobacco products
by employing cold vapor atomic absorption spectroscopy
and considering the moisture content: a comprehensive study
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Abstract

Plants are mainly made up of water, which constitutes between 80 and 90% of their weight. Moisture factor comes across as
one of the most important in tobacco products. Rapid determination of moisture content in tobacco products comes at neces-
sity in any tobacco management plants (before and after production). Therefore, the concern has been raised in this study to
evaluate the moisture content in four kinds of combustible tobacco products using the gravimetric method. In addition, a total
mercury content using cold vapour atomic absorption sp opy has been eval i in all chosen combustible tobacco
products in this study. Determining moisture content in four types of tobacco products does not show significant differences
within a product group, Moisture content ranged from 7.9% in bidis to 25% in pipe tobaccos. Mercury content in tobacco
ranged from 13 pgrkg to 32 pg/kg while in cigarette wrapper paper and filter from the limit of detection (LOD) < 1.3 pg/
ke 10 8.2 pyg/kg. As evidenced, cigaretie wrapper paper and filters alone are unlikely to be a significant source of consumer
exposure to mercury, However, the proposed sample preparation method provides good results for the preparation of specific
material, such as tobacco products.

Graphical abstract

Keywords Cigarette - Heavy metals - Mercury - Moisture content - Tobacco - Contamination

Introduction

Nicotiana tabacum L. has been cultivated and used by man-
Kkind for over 5000 years (in various forms, e.g.. combustible
tobacco products, snuff, infusion, chewing products, etc.),
but for most of that time, it was limited only to the American

Pawel Haé
pawelhac @pg edu.pl

Faculty of Chemistry, Department of Analytical Chemistry.

Gdarisk University of Technology, 11/12 Gabricla
Narutowicza Street, 80-233, Gdassk, Polund

Published online: 23 August 2022

region and native Americans | ). The discovery of tobacco
by Europeans initiated & process of scientific investigation
of its properties. The discovery eventually turned in conse-
quences as a harmful addiction, Therefore, in the last few
decades, there has been a tendency to promote smoking ces-
sation [1]. One of the well-known adverse health effects of
tobacco smoking is lung cancer. However, overall global
tobacco consumers were 1.337 billion in 2018 according to
WHO Global report on trends in prevalence of tobacco use
2000-2025 [2].

2] Springer
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In the market, the availability of tobacco products is
categorized into two types: smokeless and combustible
tobacco products. Historically, combustible tobacco prod-
ucts are considered one of the cult 1ools and products with

transportation process from an industrial warehouse to com-
mercial inventory.

Recently revised standard, ISO 6488:2021 specifies 4 pro-
cedure of water content determination by the Karl Fischer

a health benefits [1]. As its name implies, high
ture, and especially b is needed to

bustible tob products [3]. Combustible tobacco
products can reach temperatures as high as 950 °C, as
explained by Mallock et al. [3].

Unfortunately, researchers often seem to forget how
complex the subject of the combustible tobacco products
typology is. A broad spectrum of combustible tobacco
products should be supported by an equally broad analy-
sis. Combustible tobacco products differentiate based on
the types of products, countries of origin and methods of
production [4, 5]. The names of the same tobacco products
are described in an inconsistency way, whereas it could be
deceptive to readers. The specification and characteristics
of tobacco products are also considered prior, such as used
materials and methods for manufacturing the products.
There is, therefore, a selective interest among h

[12]. It is applicable to raw tobacco as well s final
products within the moisture ranging from at least 2% up to
55% [12].

The gravimetric methods are another possible approach
for determining the moisture content of materials. Gravimet-
ric methods provide an advantage over Karl Fischer titra-
tion as they do not require any reagents and there is no risk
of side reactions [13]. Coulometric Karl Fischer titration
is more suitable for sampl small of
moisture content and larger amounts may overwhelm the
reagent capacity and yield false results [13, 14]. Moreover,
Karl Fischer titration method needs the material to be more
accurately homogenized to perform the analysis.

Mercury is one of the present in
tobacco products, The toxicity of mercury has been proven
and widely described [5, 15]. Exposure to Hg can result in

in cigarettes, so in this research, it was decided to examine
a broader spectrum of wbacco types in order not to dis-
criminate against the exposure of their consumers.

diseases depending on the degree of exposure and
the route of administration [ 16], Moreover, the high toxic-
ity of Hg is observed even at its low doses [17]. Mercury
vapours are particularly poisonous due to their ability to
bioacct

Combustible tob. fucts can be distinguished

late in body tissues 18], Elemental contamina-

based on how they are manufactured, materialized and
their way of consumption, which includes products, such
as bidis, cigarette tobaccos, cigar tobaccos, and pipe
tobaccos [6, 7|. Cigarettes are, in general, one of the most
popular combustible tobacco goods. The world production
of cig: prod reaches of tons and this
proves a large group of consumers [8]. Consumer expo-
sure to mercury in cigarette smoke is directly related to
the p of this el in cig; as such, These,
however, are made of three components. In general, the
most important one is certainly the tobacco. However,
the paper wrapper is also burnt and the high temperature
affects the filter as well. The latter is made of “cotton-like™
plastic—cellulose acetate [9]. In contrast, other combus-
tible tobacco products, such as cigars and pipe tobaccos
made of only tobacco leaves, bidis are wrapped with tendu
leaves [10].

The moisture content is one of the crucial properties of
tobacco due to its influence on the brittleness of the prod-
ucts. It is almost impossible o smoke a dry cigar, Moisture
content must be maintained in tobacco products from the
time when tobacco leaves are harvested until they reach
end . The ioned differentiates in
variety of tobacco products to maintain the quality of prod-
ucts, such as cigars, cigareties, pipe tobaccos, or bidis. The
sealing process of any tobacco products mostly influence
the moisture content and other parameters, such as volatile
comy [ 1], Humidity must be maintained during the

h 1

4 Springer

tion of cigars (little cigars which are also sometimes called
filtered cigars) is well explained by Fresquez et al. [19]. The
plant material constituting the first link in the chain deserves
special attention in this context, as there are known cases
of using protective preparations containing Hg. It has also
been noticed that organic material, such as bacco, usually
contains mercury in form of organic compounds | 18].

Another crucial issue of combustible tobacco products
toxicity is the interaction of toxins, elements and com-
pounds between tobacco and the environment. Regardiess
of their type, combined toxicity effects are, therefore, being
observed [20, 211, Thus, although the concentration levels of
individual constituents of tobacco smoke may be nonlethal,
they must be placed in the context of the high environmental
pollution burden worldwide [22]. We can distinguish three
types of such combined toxicity effects: synergistic, antago-
nistic, and additive [21]. There is evidence of greater than
just additive effects seen in people coexposed to tobacco
smoke and arsenic [20]. This applies to both: active and
passive smoking [20]. It might be considered to call this
interaction a synergistic effect [23].

One of the goals of this study was 1o evaluate the mois-
ture content in a variety of combustible tobacco products
using the gravimetric method, The gravimetric method was

ployed to det ine the content in combustib
tobacco products due to its high efficiency over other meth-
ods. The presented study could show the proper approach
for the | i content during

urers 1o
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the storage period of tobacco products. In addition, another
aim of the study was to evaluate the total Hg content in a
variety of combustible tobacco products. This study provides
the proposal that total mercury content can be determined
based on dry weight and evaluating consumer exposure 1o
chosen combustible tobacco products. A similar approach
was proposed by Milatou et al. [24] to evaluate total mer-
cury content in tuna fish samples, The change applied in this
study concerned the used drying method. A Iaboratory dryer
was employed instead of Iyophilizator used by Milatou et al.
[24] This study fulfils the need for the study on the total Hg
content in various combustible tobacco products and com-
bustible tobacco products that are rarely studied for total
Hg content and moisture content, such as pipe tobaccos and
bidis, to determine consumer exposure,

Results and discussion

Tobacco moisture is one of its crucial properties which is
important for specific product preparation processes [25].
The used gravimetric determination method of moisture
content provided an ad ge over the b of the
material. The obtained results arc presented in Fig. 1. In the
case of the pipe tobacco, since the lower quartile is at 20.5%
moisture content, about 75% of the pipe tobacco consists of
more than 20.5% of moisture content. Moisture content in
pipe tobaccos is significantly higher than in the other group
of products,

It can be clearly seen in Fig. 1, in the case of cigar
tobacco, where 50% of the cigar tobacco contains more
than 14% of moisture. Cigar tobacco products are more
variable in moisture content, which could be seen from the
long upper whisker which means that the moisture content in
cigar tobaccos are varied amongst the least positive quartile,

Fig.1 Box chart of the deter- 01
mined moisture content in four
kinds of CT tobucco products
(pipe tobacca (4 brands), cigar
tobacco (34 brands), cigarette
tobacco (5 brands). and bidi

While very similar moisture content for the most positive
quartile.

The obtained results for cigarettes and bidis show that
moisture content in both products are highly precise, Espe-
cially in the case of bidis, it has been observed that all the
products showed similarity in means of moisture content.

On the other hand, the moisture content is also deter-
mined in the five of different branded cigarette products
(separately in wrapper paper and filters) as well as total mer-
cury content. Each contained materials from nine cigarettes
randomly selected from the package. For each brand of ciga-
rette, nine cigarettes were taken into account to differentiate
filters and wrapper paper. It is worth mentioning that their
weights are significantly lower in comparison to tobacco
weight in each cigi Determined moi s in
cigarette filters and wrapper paper are shown in Fig. 2.

As can be seen, cigarette filters have significantly higher
water content than wrapper paper. It would be impossible
10 determine mercury contents in undried samples of these
components, Performing analysis from dry samples and sub-
sequent conversion of the concentration results to wet weight
concentrations is the desired approach, Although presenting
the resulls in units of dry weight concentrations does not
generate any amendments and still allows comparison of
results between samples, it limits the ability to estimate con-
sumer exposure o mercury, Combustible tobacco p
contain a certain amount of water when they are consumed.
Therefore, the moisture content should always be considered
while estimating consumer exposure,

Toxin distribution from tobacco (e.g., nicotine) has
been proven to be moisture-dependent [26]. Although
manufacturers process products under specific moisture
conditions, the moisture content begins to vary with ambi-
ent temperature and humidity as soon as the package is
opened. As a result, the ISO 3402:1999 standard specifies

tobacco (5 brands)) §
£
2 S
€ |
815!
8
E | [——]
0 o
1 [————1
5|
)
Pipe tobacco Cigar tobacco Cigarette tobacco Bidi tobbeco
Tobacco Prodcuts
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(only in filters and wrapper 80
paper). The ranges of expunded
uncertainties arc also presented %
as an error bars for ull sumples
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x Paper mFllters
the conditions and time for conditioning tobacco samples Total mercury content has been determined in four dif-

[27]. This would imply that results should be presented  ferent groups of combustible tobacco products as shown in
in dry weight units or conditioned in accordance with the  Table 1. It should be noted that only five of cigar tobacco

d ISO requi The objective of this paper,  products have been taken as representative samples for
however, was not to analyze the distribution of mercury — analysis of total Hg content. Total mercury concentrations
from combustible tobacco, but rather (o estimate consumer  range from 17 to 30 pg/kg in bidis, 25-33 pg/kg in cigarette
exposure. Therefore, the chosen approach imitates the  tobacco, 16 to 24 pp/kg in pipe tobacco, and 14-27 pg/kg in
real-world conditions under which tobacco is unpacked  cigar tobacco. Calculated uncertainties for specified values
and consumed, The water content of the products clearly  are presented in Table 1.

varied, as shown in Fig. 1, Determining exposure by pre- The itude of bustible tobacco expo-
senting results in wet weight units, seems to more closely  sure to mercury is the result of several factors, One is the
simulate real-world conditions than using dry weight or ¢ ion of Hg in the prod 1, but equally

identically conditioned samples. It is worth noting that an  important are consumption habits, such as the frequency
analogous approach is also used to analyze food samples  of smoking. This correlates directly to the total weight of
[24). products consumed in a given unit of time. It follows that

Despite drying, cigarette paper was so fibrous that  exposure is, among other things, proportional to the total
homogenization with an agate mortar and pestle was not  weight of combustible tobacco smoked, Thus, it is important
possible. The wrapper paper was, therefore. cut into pieces  to determine what are percentages of the wrapper paper and
and the filters were torn, the number of repetitions of Hg  filter in the total weight of the cigarette. Such information,
analysis was increased in comparison to tobacco analysis.  together with the determined Hg content of these compo-
In future research, it would be advisable 10 use ball mill — nents, provides an estimate of whether analyzed cigaretie
with ceramic or glass balls for the sample h i are likely to have a significant effect on con-

purpose. sumer Hg exposure.

A major advantage of the proposed approach is that the Each cigarette was divided into individual components,
a determination of the actual water content of the sample  which were then weighed. The weight of the tobacco ranged
> b inently less imp . Only the repeatable dry-  from approximately 4.7-5.3 g, the wrapped paper weighed
N ing of the material is needed. The most important thing is — from 0.32 t0 0.38 g, and the weight of the filters ranged from
(o) 1o dry the ples so that b genization is possible and 096 10 1.3 g, as shown in Table 2. The obtained results cor-
E to know the difference in weights before and after drying.  respond with those present in the literature [ 28].
; This makes it possible to calculate the ion in the First, the weight fraction of the analyzed materials in the
. “wet weight” of the sample. Paper and filters were treated in-+ cigarctte should be determined. These products, however,
wv the same way as tobacco 1o keep the approach as identical as  have a certain moisture content [11]. Solid sample analy-
(o] possible for all samples. sis should take this effect under consideration. It is most
=
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Table 1 Determination of Product Brand Mercury contentpg/kg
total mercury content in the
wet weight of four different Cigarette tobaceos Camel 32892086
combustible tobacco products P&S 28Ae1d
L&M 25414061
Chesterficld 30024
Mirlboro 272z1.1
Pipe tobuccos Amphora Full 235:258
Peterson wild Atlantic 16412043
Ma¢ Baren Virginia No.1 2264x1.3
Poniatowski sungold 16902087
Bidis Rajkamal bidi 300216
Bharuth special beedies 177z 1.1
G gulab bids 28.353 0,091
Charabhai BIDI works 29912057
Sambhaji BIDI 22842034
Cigar tobaccos Ofiva Sene V Lancero 1386081
A Turrent traditional robusto satural 18.58+0.20
Te-Amo clasico magnificos. 2683 +0.62
Romeo y Julicta Cedros de Luxe No.2 19.67 £0.62
Principes corona caribbean 18822018
:::;u;‘:; ‘,:“n‘i‘:“:":fmmm Cigarette brand  Weight/g of Total weighty  Weight Percentage/' of
in different elements of Tobacco Paper Filter Tobacco Paper Filter
cigareties caleul, based on
the weight of it Camel 526 038 0,96 659 79,70 1459
P&S 4490 0.35 0.96 6.21 78.88 1547
L&M 478 032 133 6.43 7437 2067
Chesterticld 4.69 032 131 6,33 7417 2070
Marlboro 475 032 107 6.14 77.41 17.35

convenient to relate concentration in dry weight, but, as
d, while it is p 0 pare p s, iLi§

difficult to estimate actual consumer exposure. Therefore.

it is advisable to convert the concentrations to wet weight,

As can be seen, the combined weights of paper and filter
are almost three times lower than the weight of tobacco. In
this study only cork-tipped filtered cigarettes were analyzed;
however, there are more different product features (unfiltered
cigareties, white tipped filtered cigareties ete.) [29],

One of the filter samples stood out from the others,
because the filter consisted of two components. While the
first p morphologically bled the others, the
second component contained small granules of a black, hard
substance in addition 1o fibers. These were probably pieces
of carbon [30]. Importantly, there may also be differences
within one product category, i.e., filtered cork-tipped ciga-
rettes. This applies also. to the material from which the fil-
ters are made.

As shown in Fig. 3, the determined mercury content of
cigarette paper and filters is lower than 11 pg/kg of wet

weight, Compared to tobacco [31], the water content of the
samples was significantly lower so in the end, its effect on
the mercury content was not so analytically important. Nev-
crtheless, it should always be considered during the calcula-
100 Process

In two out of five cases of cigarette brands the deter-
mined Hg content exceeded the specified LOQ. In the case
of L&M, Chesterficld, and Marlboro cigarettes, the deter-
mined content of Hg was below the LOQ and sometimes
even below the LOD.

The determined measurement uncertainties shown as
error bars have a wide range, as presented in Fig. 3. The
obtained results show low precision due to Horwitz effect
(low concentration might decrease precision drastically).
Therefore, an acceptable coefficient of variation factor of
not more than 40% was assumed. Among the factors affect-
ing such a low precision of the measurement are: the use
of small sample weights for measurement and the influ-
cnce of the Horwitz trumpet cffect [32] (for low concen-
trations). Limit of d (LOD) was calculated using a
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Fig.3 Determined mercury 10
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calibration curve. While the limit of quantification (LOQ)
was calculated using the following equation:

LOQ =3+LOD o

Conclusions

The study, which employed four different types of com-
bustible tob products, p d information on the
high level of risk of mercury exposure following con-
sumption of such products. Cigarettes (Camel cigarettes
with 32.89 pg/kg) show a high level of total Hg content in
comparison with other combustible tobacco products, The
proposed research will allow to widen the knowledge and
provides data allowing to evaluate the total Hg content and
moisture content in the wider range of tobacco products,

It is worth remembering that one of the proven anthro-
pogenic sources of mercury is the manutacture of paper, in
which, a cig is pped. In summary, this
study demonstrates that it is unlikely that cigarette paper and
filters could be a significant source of total human Hg expo-
sure, particularly in comparison to tobacco. The exposure
to this metal from combustible tobacco must be placed in
the context of the total consumer exposure from all sources
as the toxic effects might be combined (additive, synergetic
or antagonictic). Relatively high Hg toxicity indicates that
climination of its every source possible is desired. It is also
advisable to further test paper and cigarette filters for heavy
metal content, on a wider range of samples.

4 Springer
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Experimental

Four different kinds of combustible tobacco products were

dertaken for d ination of moi content. Ciga
and pipe tobacco used in the study were purchased from the
local store (Gdansk, Poland), and represented a spectrum of
popular brands chosen randomly. The cigars, on the other
hand, were purchased from a Polish online tobacco shop.
Bidis, not available in Poland, were imported from the ran-
dom “Paan shop” (Rajkot, Gujarat, India).

All kinds of samples were dried in a laboratory dryer
until a constant weight was obtained (with an accuracy of
0.001 g). Although all samples were homogenized, it was
difficult to homogenize filter and wrapper paper with agate
mortar or impact mill. Chosen analytical echnique allows,
however, solid samples analysis, so homogenization is pre-
ferred but not datory. Instead of homc paper
and filter samples its number was increased. Paper samples
measurements were repeated for seven times, while filter

ples were d for eight times.

Sample prep for analysis included sampling by cut-
ting a slice of the product or taking tobacco from the pack-
age. Sliced pieces were then dried on watch glasses. Prior
to analysis, the water-free samples were homogenized by
hand with an agate mortar and pestle, and stored. Powdered
samples were placed directly into the instrument’s ceramic
measuring boats. No additional solvents were necessary. To
determine the total mercury content a cold vapor atomic
absorption spectrometry technique was used. Each sample
weighted approximately 100 mg in 3-4 repetitions.
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Calibration of the equipment was performed prior to anal-
ysis. All calibration solutions were diluted in L-cysteine.
After being weighed to 10 mg, crystalline L-cysteine (pro-
vided by Merck) was transferred 0 a 1000 cm® volumetric
flask. Afterwards, to create a 0.001% L-cysteine solution,
to the proper volume of stock solution, 2 em* of the certi-
fied reagent grade concentrated nitric acid was added and
then filled with deionized water. The reagent was stored in
a cool, dark location. Hg standard of MS grade purity at a
concentration of 100 mg/dm® was purchased from Merck.
By adding 1 ¢cm’® of a 100 mg/dm’ solution to a 100 cm®
volumetric flask and diluting it to the proper concentration
with the L-cysteine solution, 1 mg/dm® solution Hg was
achieved. Sub: 1 of ¢ 0.1 mg/
dm* and 0.01 mydm were prepared as described above,
From these standards, the calibration curve was created
by the direct introduction of proper volumes of prepared
solutions mto measurement ceramic boats. With such an
approach, the proper correlation coefficient was achieved
(0.9989). The calibration curve was obtained between the
range of 1.0 to 200 ng.

The total Hg in tobacco samples was determined using
cold vapour atomic absorption spectrometry. The samples,
measured with at least three repetitions, were heated under
controlled conditions (7= 850 “C/4 min) to cause thermal
decomposition. A tube with gold filling (gold furnace) was
used as a collections system (o create Au-Hg amalgam)
to ahsorb and pre-concentrate free Hg vapour after further
atomization of the metal. To release atomic Hg, the gold
furnace was heated (7=600 °C/1 min). Free Hg analysis,
after described pre-concentration, was performed with the
use of sp ic analysis ( length 253.7 nm).

Instrumentation

Moisture content was determined by a gravimetric methad
using the analytical scale Radwag® AS 220.X2 (accuracy
of 0.0001 g) under the atmospheric conditions: temperature
244:2°C, atmospheric pressure 104,7 £ 10 kPa and humid-
ity 80+ 1%, Each sample was dried u\mg a laboramry dryer
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ABSTRACT

Handlire: Editor: Dr. Beynn Delaney

Smuoking has been known to mankind for centuries, but it is only in recent decades that much attention bas been
patie to the harmfulness of this habit. Mercury inhalation is particalarly dangerons in this respect and smoking

Keywurds: creates extremely favorable conditions for the emission and targeted delivery of this element into the lings.
Tebiwco Dvspite this fact, w lack of # clewr method for estimating the exposire of 10DHETD CONSIMETS 1 MRy Was
itk goaisinent identified. This work shows justifl to transfer the approach of esti food peoduct * exposine
B:;“ 10 estimite the exp { tobeceo produet 1o this element. In sddition, it was noted that
Pipe tok Tesearchers’ attention is mainly focused oa cigarettes, while the tobaceo mirket has i wide range of combustible
Cigarette products, Therefore, in this work, the mereury content of cigars (845 & 0.18-41.02 1 0.20 ag/kg), pipe
tobaccos (B.03 £ 0.52-25.48 = 0,50 pg/kg), bidis {1493 £ 0.47-31.79 = 0.26 pg/kg) and cigarette tobaccas
(14.22 £ 0.71-34.5 & 1.4 pg/kg) was anadyzed. This stody demonstrates that smoking can contribute significant
total mercury exposire to consimens’, althaogh it is unlikely to canse meroury poisaning regardless of other
EXPOSITY SuliFees.
1. Introduction work (0.2-1.0 pg/m®) (Beate et al, 2010; Fresquez et al, 2015;

Richardson et al, 2008), Furthermore, its vapor pressure increases

Mercury poisoning is a well-known issue that has been detailed and
described in the sclentifie literature (Ibsalim et ul.. 2006; Langford and
T 1999; Mielcarel et al,, 2022; Rouda et al,, 2022; Rutkowsk
et al, 2014). The toxicity, biochemical properties, and cycling of mer-
cury in th depend on th d chemical form
of this element (Ibrahim et al., 2006; Neathery and Miller, 1975; Rut
lowska et al, 2014), It has been discovered that in general, organo-
mercurials are more harmful than inorganic forms (Ruthowska et ol |
2014). Mercury vapors ave also highly poisonous (Beate et al, 2010).
Although Hg is a liquid under normal conditions ([brakim «f al, 2006;
Langford and Ferner, 1999), it has a high vapor pressure, to

exponentinlly rather than linearly with increasing temperature (it
roughly doubles every 10 “C) (Langfosd and Ferner, 1999).
Environmental mercury sources can be both natural (e.g., voleanic

2 L, 2020).
An example of an anthropogenic source of mercuty is the use of plant
products i y comp {Amin-Zaki
et al, 1974; Domeron and Harrison, 1998; Elhassanl, 1982; [brahim
3 Neathesy and Milles, 1975). It must be mentioned that not
of this metal and its compounds are a great danger, but

other metals, of up to 1.71 - 107" Paat 20 °C (Huber et al., 2006), This
vapar pressure corresponds to a mercury content of 14,09 mg/m” in
ambient air under set temperature conditions (applying ideal gas law)

(Rorda et al, 2022; Rutkowska et al, 2014),
This effect is amplified as the trophic level increases, in a process known
as biomagnification (Langford and Ferner, 1999; Rutkowska et al,
2014).

(Huber et al, 2006). This value is far beyond recommended maximum

volatile Hg

Tobacco (Nicotiana Tabacumn L.) and other plant products (which are
cited in this

I by the the first link in the food chain) are the primary sources of exposure to

* Comesponding anthar. Department of Analytical Chemistry, Faculty of Chiemistry, Gdansk University of Technotogy, Naturowicza 11/12 Sir, 80-233, Gdansk,

Poland.
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mercury. It has also been observed that Hg is mostly found in plants in
the form of organometallic compounds (Ruthowska eral, 2014) so it ds
expected that the organic form of Hg is the most prominent one in to-
bacco. Therefore, the risk of mercury contamination of food products
should not be underestimated, especially given the number of recorded
cases of severo poisoning and death {(Amin Zaki ot al . 1974; [brahim
et al,, 2006; Langford and Ferner, 1999; Rutkowskn ot al., 2014), A
example ls the inf: “Iraq polsoned grain disaster” of
1971, in which over 6000 people were poisoned by methylmercury after
eating bread produced from contaminated wheat flour (Amin-Zaki et al,
1974; Bakir et al., 1980; lbmhim et al,, 2006),
Tobacco is one of the most ivel Juced plants. ding to

Food and Chensical Toxicology 182 (2023) 114053

ofa outlining mercury in
tobaceo, uaedln{nod di dilaton et al | 2020). This
justifies a into the ination of mercury

concentrations in these products,

The study aimed to apply the food-product Hg exposure estimating
method to evaluate the mercury exposure from cigars which are
becoming increasingly popular among smokers (Corey ot al., 2014;
DeSantis and Morgan, 2003; Kowitt et al., 2020), and other tobacco
products, i.e.: pipe tobaccos, cigatettes and bidis. The analyses of rare CT
products that have been carried out are extremely important and pro-
vide new Information. ln addition, an approach was applied for est-

the “Statista” website, the annual workd production of tobacco ranged
between 6 and 8 million tons from 1990 to 2019 (M. Shahbandeh,
2021). Such level of production stays in response to equally great market
demand (Le Foll ot o, 2022). Every year, millions of tons of tobacco are
being smoked in a variety of places (corresponding to the dispersion of
consumers) (L« Foll er al, 2022). As mentioned above, combustion
processes (e.g., lossil fuels or forest fires) are significant sources of
mercury emissions into the environment (Hutkowska ot al, 2014;
Somiar et al, 2020). Therefore millions of tons of bumt tobacco can be
idy to have a to natural sources of Hg
to the (Le Foll =t ol, 2022). In
addition, human exposure as a result of smoking combustible tobacco
(CT) products is likely to be significant because it is divect and targeted
at the lungs, where volatile mercury is well absorbed (Heate et 0l , 2010;
Ibeahim et al., 2006; Langford and Ferner, 1999),

Native Americans smoked tobacco centuries before Europeans
discovered it in the 15th century (Mush and De Elesl, 2003). It was
rapidly globalized (Musk ond De Klerk, 2005) and is popular in
numerous countries (Le Foll et al., 2022) and vast spectrum of forms to
this dav. Among those, traditional pipe tobaccos, cigarettes, and
bidis/biris/beedis (common in India filter-free tobacco products com-
parable to cigarettes wrapped in tendu (Diospyros melanoxylon) (Lol
2012) leaves instead of tobacca or tissue paper (Verma ef al | 2010),
knwn under, at least, three different names (Lal, 2012; Le Foll et al,
Verma et al, 2010; Watanabe et 1l., 1987)) were studied in this
wndt Even though the market offers a wide range of tobacco products,

! attention is ly drawn to selecti (Verma
et al., 2010). Gomumexs ofall cr pmducm ure exposed (o a wide range
af b il y. Its

toxicity results mainly due to its ability to accumulate in body tissues
(Ibrahim et al, 2006; Langford and Fern 1999; Rurtkowska er al,
2014) particularly the brain (Ibralil et al., 2006; Lasgford and Fernes,
1999), Poisening can cause diseases such as Minamata disease (caused
by MeHg) (Inoue et al., 2012; Vosgborio and Akagi, 2007) or mad hatter
disease/erethism (caused by free Hg vapor) (Ibralim et al, 2006,
2011).

Noteworthy is the sensitive route of tobacco smoke delivery, i.e.
through the respiratory system, which is highly vulnerable to mercury

Steckling et al.,

mating exposure to mercury, which has so far only been used
for food products (Milatou et al , 2020),

2. Materials and methods

2.1. Sampling

The cigars used in this study were obtained from two Internet re-
tailers available in Poland. Pipe tobaccos and cigarettes were purchased
in Gdansk (a elty in northem Poland) at a Jocal tobacco store. Bidis were
bought in Rajkot, located in the western province of India, Gujarat. To
compare cigar tobacco and other CT products the analyses from a pre-
vious paper was extended, and all results were used to test suggested in
this research approach. For that, 37 cigars, 4 shredded pipe tobaccos, 5
bidis, and 5 cigarette samples were analyzed. The previous research was
extended with additional 4 shredded pipe tobaccos and 6 cigarette
tobaccos. All samples were purchased in 2021-2022.

Cigars represented four origins (The Republic of Nicaragua, The
United Mexican States, The Dominican Republic, and The Republic of
Cuba) and reflected the whole range of varieties (small cigars, cigarillos,
large machine-made cigars, and large handmade cigars) and prices. It
makes them the most varied tobacco samples in this study. Since cigars
are frequently made from “blends” (a mixture of tobaccos from different
origins), only those whose tobacco had a homogeneous arigin (accord-
ing to information provided by the store) were chosen for analysis.
Eleven brands of cigarette tobaccos, eight pipe tobaccos, and five bidis
were also analyzed. During the process of selecting samples for analysis,
0 lack of information on the origin of the tobacco used in the preparation
of cigarettes, bidis, and pipe tobaccos was observed. The explanation for
this status quo might be that producers keep their recipes for tobacco
mixtures secret, Expect cigarettes with cigarette filters and papess (and a
few small filter cigars), all of the tested products were fully made from
plant leaves and just this material was used for the analysis.

2.2, Sample treatment
Prior to mercury analysis with the use of the cold vapor atomic ab-

sorption y [CV-AAS) some v steps for
sample preparation were applied. It Included sampling, drying, ho-

vapor absorption (Langfond and Feiner, 1599). Other aspects
are the conditions in CT products during consumption. Mallock et al.
discovered that tobacco embers can reach temperatures of 700-950 'C
(Maliock etal, 2019), and it must be remembered that smoling requires
air circulation inside the products. Similar conditions are found in
Mercury Analyzer MA3000 supplied by Nippon Instruments Corporation
(NIC Japan), employed In this research, where the temperature In the
decomposition furnace reaches 850 “C for Hg release. This condition
promotes Hg release into the smoke stream.

CT products contamination is important for medieal and environ-
mental sciences according to its adverse health effect and vast number of
consumers globally {Le Foll et al, 2022), The approach described in this
paper suggests an already y issue in the field
of food chemistry, as thete are similarities in tobaceo and food product
consumption. Furthermore, the lack of new studies on the total Hg
content in non-cigarette CT products was identified. There is also a lack
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of water content, and proper storage. The
entire procedure was carried out while the unique characteristics of the
evaluated matesial were kept under consideration.

Since tobacco leaves are wrapped concentrically around the cigar
axis during manufacturing (Langer et al, 1971), greater sample varl-
ability is expected to be in the cross, rather than the longitudinal, sec-
tion. As a consequence, for the analysis, a “cigar slice” weighing 1-2 g
was cut from the open part of each eigar (cigar foot). Each sample thus
collected was dried in a laboratory dryer and homogenized in an agate
mortar. Other products sampling was performed analogously and
included respectively pleking for each brand: 4.5 random bidis, about
2.5 g of shredded pipe tobaccos, and three random cigarettes,

The next step was to determine the moisture content of the prepared
samples. For this purpose, it was decided to choose the gravimetric
method. As the determination of mercury content using the CV-AAS
technique is carried out on dried samples, the determination of con-
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sumer exposure to toxic mercury on this basis is not correct. This is
related to the fact that consumers smoke products containing a certain
amount of water. Therefore, a conversion of the mercury content to the
weight of the tobacco before drying (Cy.,.) was applied using equation
(1) used in comparable studies in the lterature (Mojewsha et ul, 2015;
Milatou et al., 2020),

Crw. = Cue. 022

Mg

)

Where Cy,, Is the mercury concentration in the dry tobacco (pg/kg), my
w and m,, . are dry and wet sample weights (g).

2.3, Instrumentation

Mereury Analyzer MA3000 supplied by Nippon Instruments Corpo-
ration (NIC Japan), which uses the technique of Divect Thermal
ition - Gold ion ~ Cold Vapors -Atomic Absorption
Spectrometry (CV-AAS) was used for the analysis, and purified dry ox-
Ygen was uud as the carrier gas.

Wwas p with solutions diluted in L-
cystelne. 0.001% L Lyuelne solution was made with the use of 10 mg of
Lecysteine (Merck), 2 ent® of the certified reagent grade concentrated
nitric acid, and deionized water. Hg standard of MS grade purity (Mcrck)
at a concentration of 100 mydmJ was used By diluting 1 em” of
standard solution to 100 em”® with the L-cysteine solution, 1 mg/dm*
stock solution Hg was achieved, Next, 7 calibration solutions were
prepared and analyzed in 3-4 resulting linear
cutve between the range of 1.0-8.0 ng (R* = 0,9972). Caleulated from
the curve slope the limit of detection (LOD) and the limit of quantifi-
cation (LOQ) were as follows, LOD = 1.5 pg/kg, LOQ = 4.8 pg/kg.
Actually this values are method detection limit (MDL) and method
quantification limit (MQL), as calibration curve was prepared in units of
mass, and then calculated to units of content.

The analysis were d with at least th Samples
wiere heated in a decomposition furnace to T - 850 °C for 4 min to cause
thermal decomposition and release Hg from the sample. Glass tube with
a gold deposi, called a “gold furnace", was used to selectively absorb
mercury from generated fumes (Au-Hg amalgam generation). The
release of mercury occwrred due to the decomposition of Au-Hg
amalgam at temperature T = 600 "C carried out for 1 min. Hg analysis

was performed with the use of analysis g
253.7 nm).
This method is characterized by high sdectMly (due to amalgam
and at the ¢l mercury
and bility. Among the tages of the empl method, itis
worth its “itis ily sol free and does

not need any agsreulve additves). Millipore's MIlli-Q¥ water purifi-
cation system (USA) was used for the standard solution prepatation.

‘The powdered samples were covered with “additive B” (Wako Pure
Chemical Industries Led.; NIC Japan) in ceramic cuvettes.

Various drying methods for plant samples are proposed in the sci-
entific literature (Fioc of al., 2022; Ma et al,, 2022; Polat et al, 2022). In
this study, it was decided to use a laboratory drver Redline by Binder.
The Radwag WPS 30s moisture analyzer, the Protherm Furances PAF
120/12 muffle furnace, the freeze dryer (provided by Labconco), the
deslccaror, and a laboratory dryer were used. Kail Fisher titration was

with 831 KF C by

Bidis homogenization was performed with an impact homogenizer
instead of agate mortar because of the fibrousness of the wrapping tendu
leaf that persisted even after the drying process. The powder samples
obtained were kept at room P in Falcon® p
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L-cysteine was obtained from Sigma-Aldrich {Germany}, nitric acid from
J.T.Bakerw, and Karl Fisher reagent for coulometric water determina-
tion from Aquastarf.

2.4, Calcularion of health risks from consumption

Due to the lack of of total Hg in CT prod-
ucts, It was declded to use various maximum mercury level (MHgL)
standards. In the present study, three cases were considered, as they may
correspond to toxic mercury exposure due to the consumption of CT
products, and these are as follows: dietary intake, occupational and non-
occupational exposure.

The provisional tolerated weekly intake (PTWI) of inorganic mercury
is one of the dedicated indicators for this element. It was established by
the Jolnt FAO/WHO Committee on Food Additives, which had reduced
its limit from 5 pg/kg body weight (bw) to 4 pgskg bw at its 72nd
meeting in 2011 (Joint FAO/WHO Expert Committee on Food Additives.
Meeting 74th : 2011 : Rome, 1, 2012). It means that a PTWI = 280 pg/70
kg bw per week can be established for an adult. The maximum limits of
average dietary exposure to total mercury from foods other than fish and
shellfish were even four times lower (1 yug/kg bw per week) than PTWI
(Joint FAO/WHO Expert Comunittes on Food Additives. Mesting (74th :
2001 : Rowme, 1, 201 2; Milaton et al,, 2020), This index is applied mainly
to food products, ie, dietary intake,

There are some similarities between food and CT consumption. Not
only do the respiratory and digestive tracks share a first stage, but also
the substances from consumed products in both cases eventually enter
the blood: b step is anal to the digesting step
in the process of i T
products do not meet all the criteria for food products, which could limit
the use of the PTWI index in their case.

According to the WHO's “Air Quality Guidelines — Second Edition™ the
lowest observed adverse effect limit (LOAEL) for volatile mercury occurs
within o concentration of 15-30 pg/m’, and the established time-
weighted average (TWA) for mercusy is 1 pg/m” within annual aver-
aging time (World Health Osganization, 2020). In the document
“Recommendation from the Scientific Commitree on Occupational Exposure
Limits for elemental mercury and tnorganic divalent mercury compounds™ an
exposure level of 0.02 mg/rns for an 8:h TWA meets the criteria for a
health-based occupational exposure limit (OEL) (Scivntific Committes
on Occupational Exposure Limits, 2007).

Assuming MHgL ~ OFLg _ gy) ~ 0.02 mg/m”, an estimate equivalent
to the PTWI index for inhaled mercury vapor — an acceptable daily dose
of mercury vapor (ADDy, ) - can be established. It is required to as-
sume a daily inhalation ratio (DIR) {m”] for this purpose. Although the
DIR value varies depending on age, gmdzr. and other factors, the sci-
entific literature indicates DIR = 20 m” for an adult (Eurozean (.he:u
feals Ageacy, 2012). Itisalso to note that sa%
{or more) of Hg vapor is absorbed by the lungs (Heate ot al | 1
Langford and Ferner, 1999). It must be remembered, that MHgL ls
caleulated using standards for a specific time, therefore ¢ in the following
equation is the time established for the uset standard, Conscqutnlly. the

estimated ADDyg, . value was using the q
(2) and (3).
ADDy,, =MHzL o "”;; L (2
prIL
ADDa,, =002 myy, 0 "”;’4 n“ « 08 = 0.106(6) mny @
ioa (2),th

ADDyyg s, In this example

All weight were taken with a p

case, app 0.107 mg. The use of this approach, however, has

analytical balance with a repeatability of 0.01 g (Radwag). A mercury
tandard—MSHG—at a ion of 100.10 + 0.43 pg mL-1 in
10% HCI was purchased from Inorganic Ventures, INC (USA). N-acetyl-

several limitati To begin with, as previously mentioned, DIR is
influenced by a variety of factors. Furthermove, the toxicity of mercury
vapor is significantly greater for the developing brain of a fetus and a
small child than for an adult, hence MHgL would be lower in these cases
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(Beate et ol 2010). Caleulation in this study does not take into account

the lnﬂuence of octumng passive smoking or any susceptible aub—
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It is important to note that at higher temperatures, tobacco products
emit several volatile chemieals (WHO Study Group on Tobacco Pro

For i like children or duction Regulation, 2012). Water contents reported by moisture
sepumte sinuld be it the spec)ﬁc nnnlyur. muffle furnace, or laboratory dyer might be overvalued. The
toxicity Lmpact on thelr pems and dm'uenl i could th also affect the

(such as different DIR), Mercury vapor comes across one of its most toxic
Bes 7 M10; Langford and Ferner, 1999), therefore, Table 3
includes calcuhwd ADDyy , for other possible alr permissible limits than
the OEL.

A second indicator, the of to-
bacco per day (MPCT), defined by equation (4), is required for further
investigation and analysis of the data In the scientific literatwre on
mercury exposure in fish consumers, an analogous approach is used
(Milatou et al,, 2020),

Annm :

MPCT = (4)
protect comp
ADDygg v depmds an the chosen MHgL (e.g. OEL; . ).
The maximum daily allowed ion of tobacco is in by using a d

of mercury
from the sample, but it should b remembered that Hg is not expected to
be present in the form and the range

with drying does not correlate to that used in mercury analyzers. The
drying process is therefore not expected to have a significant impact on
the loss of Hg from the sample, but this has been verified in the example
of one cigar. As evidenced in iy, 1, the determined mercury contents of
the samples dried within different methods, vary, but are in the range of
their uncertainties,

Methods that do not use high temperatures are more reliable for
estimating the water content of these kinds of materials. Lyophilization,
which employs low pressure, 15 one of these, Akhmlgh such conditions

from and this que also
does not remove water from the sample selectively. This limitation is

units of weight of tobacco that can be safely consumed daily to not cause
Hg poisoning. It might be tough to utilize in its raw form; howeves,
evaluating exposure in terms of burned tobacco weight seems to be the
most practical and adaptable alternative.

3. Results and discussion

Due to the current lack of information In the literature on the
preparation of cigar tobacco smmples for elemental analysis, this area
was given special attention in this study. The analyzed material does not
meet the criteria of a (fresh) plant as it contains substantially Jess water.
Neither is it a dried or a predried product. The specific CT product
qualities, as well as the smoke quality, are determined by the tobacco
processing methods employed, such as curing or fermenting {(Jerzen and
Parmele, 1950),

The water concentration in CT products varies, as shown in Table 1.
Elemental analysis should be performed by comparing the results to a
common velerence po{nl for all samples, Le., diy weight. As a result, the
drying p an il step in sample ion, in this case, to
determine mercury concentration. Several different methods of drying
samples were tested in this study.

Moisture which are used in
appear to have limited utility as they usually can only dry one sample at
a time, The aim of testing several drying methods was to determine
which of the possible drying procedures gives the most similar results to
these abtained using the moisture analyzer. The laboratory drier most
closely met the expectations in this respect, and it also enabled the
drying of several dozen samples simultanpeously. As a result, it was
decided to use this method, which was run for 24 h at 105 “C (until a
constant weight was obtained ~ 0.01g). A muffle furnace set to the same
temperature as the labotatory diver drie! the tobacco samples with less
efficiency. The inertia of a fumnace at 105 °C might be large since it is
typically employed at higher temperature ranges. As a result, the actual
temperature at which the samples were dried was probably different.
Furthermare, the laboratory drier has the advantage of supporting high
temperatures in the drying process with air circulation,

Table 1
Water content in cigars, determined within the gravimetric method using &
variety of drying methods. All presented values are expressed in percentages.

Sunphe Desiceator  Freeze Muffle  Moistare  Laboentory
diyve frnsee  analypr deyer
s 0z 1os']
La Proeha No. 2 761 124 124 129 142
LaPruebaNo. 3 7.00 122 127 146 151
Guantananern 542 928 .86 143 123
Parites
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that uses a selective water sorbent. Thn

process takes place at room P but is very
Chromatographic methods are also used for determining moisture con-
tent (Zhou et al,, 1998), although they are better applicable to liquid

es.

It should be noted that the results of the selecting optimum drying
canditions process do not reflect the real water content of the tobacco,
Other substances may also evaporate during drying, which is a trivial
point. The goal, however, was to select the best, repeatable procedure of
sample preparation for elemental analysis. Although the Kasl Fisher
Titration (KFT) method is recommended in the case of tobacco products
(Intemational Otganization for Standasdization, 2021) it was decided
not to use it in all samples, due to two reasons. Firstly sample prepara.
tion included grinding, which had to be performed on dry samples, and
drying is also used in gravimetric moisture analysis, the use of gravi-
metric methed allowed to use same samples for elemental analysis and
moisture analysis (dried within the same method). Secondly, the expo-
sure calculating method in this study does not require the determination
of real and precise water content in the sample. It was decided to
perform o few diagnostic KFT using two cigars, two pipe tobaccos, and
two cigarette tobaccos. All six samples were freshly purchased in April
2023 In Gdansk, Poland. Results obtained with KFT are presented in
Table 2 and as can be seen, they are similar to those obtained with the
gravimetric methad, It was decided to present results in Table 2 as
ranges, as it was observed that individual parts of cigars or individual
tobaceo ribbons from packages had different content of water.

While it is usual practice in food chemistry to convert the mercury
(or other heavy metals) content in a sample's dry weight to the con-
centration in the wet welght (using eq. (1)) (Milatou et al, 2020), it was
also successfully applied to tobacco (Majewska et al . 2018). This
demonstrates the scientific literature’s attempts to un- or consciously
recognize CT as food products (to estimate consumers’ exposure to
toxins). In the context of its selective i ion of
these products as food would allow for a more accurate assessment of
consumer exposure. The main advantage of the suggested approach is
that determining the precise moisture content becomes secondary.
However, owing to the lack of data in this field, it is nonetheless useful

In the scientific literature, consumer expeosure to mercury from food
products is stated as the maximum safe weekly intake, which is com-
parable to the proposed MPCT index derived and follows from the
adopted standard. Previously, the OEL index wae cited as an example of
MHgL. Because the result appeared to be significant, it was decided to
pursue the more stringent non-occupational regulatory exposure level
(REL) (Richardson et 1l . 2008). The standards referenced in numerous
publications (Beate et al, 2010; Fresques et al., 2015; Richardson et al,,
2008) were chosen and collected in Table 3, along with the calculated
ADDy, ,, values (for t = 24h and DIR = 20 m® (Ewropean Cheinleals
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Fig. 1. Comparisan of mercary contents in La Prochi No.3 cigar, dried with four drying methods (the crror bans result from mensurement repetition expanded

umcertainty).

Table 2
Water content In diagnastic tobacco samples was determined using Karl Fisher
Titration,

Table 3
Summary of the various RELs their official names and calenlated ADDyy, |
cors,

Sampho Product Witer contont (3]
Vi Cigar 64112
s dhe Greim Cigar 6.00-123
Ansghocn Full Pipe tobacca 190-187
Peterson Wild Atlaatic Pipe ohacco 145183
w Clgareate twhaceo 7.42-9.28
Camned Cigarette fobaccy 11.1-121

Agency, 2012)).

Tig. 2 llustrates the results of the MPCT values as a boxplot for the
ATSDR REL values. It must be remembered, that calculation was per-
formed only for the adult smokers population, for who DIR = 20 m®, and
REL level was assumed as presented in Tuble 3. The samples were
divided according to tobacco Kind and (for cigars) country of origin,
Four cigar ash samples were also analyzed, but the obtained results were
scattered and on the borderline of LOQ and even LOD. LOQ = 0.35 pg/
kg LOD = 0.11 pgrkg were caleulated from the different, lower cali-
bration curve, Based on these results, the ash was found to have negli-
gible mercury content.

Based on the results of the study, It can be concluded that to exceed
the p level of Hg i ion, a signil mass of tobacco
would have to be consumed. To date, there have been no reports in the
lterature about smokers commonly showing mereury polsoning symp-
toms, The i ! ination pi is used to confirm
that the element content in CT, is in practice insufficient to directly and
Independently significantly expose smokers. To overcome the most
stringent ADDyy ., it would be necessary to consume at least

Ovganlzation Autbar Stancard nunse REL  ADD
e e
w'l Iigl
United States Beate et ol (leste  Reference Air 03 48
Evircauuental et al, 2010) Cancesaration
Protectian [Ric)
Agency (US EPA)
2007
Agency for Taxic  Fresspows a1 al ( Minliis] Risk 02 32
Substaneos and  Presjues ot ul Lol
Diswsse Rogistry — 201%)
(ATSDR) 1999
Californin Richrdson et al. ( REL 09 144
Ensironmental Richunrdhass o ol
thom 20mm)
Agency (CalEPA)
005
World Healtly Richuardson et al. Alr Qualiey L0 100
Organtzation Michardan ot ok, Guidelines as to
(WHO) 2000 005 Warlil the Anml
Henlth Average
Organization, Conecotution

200)

approximately 75 g of tobacco per day (equivalent to about 130 eiga-
rettes). It is unlike that anyone, from a considered subpopulation, would
smoke such an amount of tobacco. Therefore it is unlike that tobacco
smoking, separately from other potential sources, would cause mercury
poisoning.
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Toibwsco types

B Cigeticn 3

Fig. 2. The maximum daily allowsble weights of tmbaoco consamption sccording (o its mereiry content, were calenlated nsing ATSDR REL values.

As can be seen in ¥ the three types of tobacco are characterized
by elevated mercury content. These are bidi, cigarette tobacco, and
Mexican cigars, The mercury results for these samples are concentrated
at higher values. It is worth mentioning that these tobaccos are repre-
senting the cheapest groups among collected products. The greatest
differentiation in Hg amount is observed for Nicaraguan cigars and pipe
tobacco samples. Moreover, some pipe tobacco samples contain the
lowest amounts of mercury among all samples in this study, however,
simultaneously the sample with the highest mercury content was the
Nicaragua cigar. Nevertheless, the last results might be considered an
aberration.

As can be seen, the proposed approach is convenient to use because it
allows a quick estimate of customer exposure based on their smoking
habits. Therefore, the consideration of CT product consumers” Hg
exposure, analogous to food product consumers, is justified. The lack of
a standard or index of tolerable highest concentration for volatile mer-
cury In Inhaled products is, however, currently a significant disadvan-

impacts on humans when they react together than when they occur
alone. This is exemplified by the established stronger than just additive
adverse health effects of tobacco smoke and arsenic in humans (Fer
recclo et al, 2013).

The necessity for the establishment of an index for the maximum
permissible mercury content in CT products, as previously advocated, is
made even more urgent by the fact that smoke is an additional source of
mercury exposure for consumers. Although the concentration of Hg in
the environment varies, tobacco contributes to total exposure for
smokers and those around them (passive smoking). As a result, it is
reasonable to expect that the value of such an index should be lower
than the RELs used in this study, Moreover, the suggested approach
gives the possibility to standardize mercury exposure and use it to es-
timate total exposure, Such gives also the bility to
estimate a budget for exposure and verlfy contribution of each
component.

It should be noted that the results presented In this paper represent
actual data, but are used as a model to demonstrate the implementation
of the proposed tobacco consumers” exposure estimation approach, It is
u:umed in tMs work that full thermal decomposition of mercury com-

tage and In this study, caleul were based on limits for
allowed air that were adapted.
the establishment of official Indices of acceptable Hg concentration in
CT products Is necessary for the correct of

exposure using the suggested approach.
Although the concentration of mercury in tobacco may not be life-
to it should be in the context of the
high environmental pollution burden worldwide (Landsipan et sl
2015) and the diverse variety of substances contained in tobacco smole
(WHO Study Group on Tobaceo Production Regulation, 2012), to which
smokers are exposed to. There are three types of combined harmful ef-
fects in the li i and addi-
tive (Meynard et al 21). This indicates that toxins can have different

_9] -

ing smoking and that the Hg is fully emitted as a vapor
u:m the smoke, However, it has been proven that in tobacco products,
the temperature of the tobacco changes gradiently as it is smoked,
resulting in an occurrence of a distillatlon 2one (Mallock et al, 2016).
Some mercury likely before they with
the release of Hg, and the evaporated mercury compounds show
different adverse health effects than mercury vapor alone (Langlord aod
Fesner, 1999). Nevestheless, the approach propased in this study can be
applied to various elements as well as their compounds to calculate
proper ADD. However, as afomentioned, it is important to always
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remember that the adverse health effect of various toxins is not neces-
sarily additive.

Human usine, blood, and hair have been reported to be used as
biomonitors for air contamination with Hg vapor (Beate et al | 2010),
This fact was applied to calculate the conversion facters for Hg air
contamination to its level in the urine/blood/hair of exposed humans.
Also, an in vitro exposure to mercury vapor increased levels of this
element in cut human head hair (Beate et al., 2010; Hac and Keechnlale
1993). 1t should be noted that smoking was considered an influencing
factor in the population analyzed in the study by Beate et al. on reference
concentrations of mercury vapor (Seate et al, 2010),

Approach pesented and applied in this study uses estimated ADD Hyv.

Food and Chemsical Toxicology 182 (2023) 114053

literature, which must be performed and developed. As a result, further
research is suggested in this aea,

It is also advisable to extend the verification regarding the possible
influence of the drying method on the Joss of elements from the sample.
For that purpose different drylng methods can be used or different ho-
mogenization methods, ie. eg. cryogenic grinding, Such an approach
would eliminate possible Hg loss during drying and would eliminate the
step of recaleulation mercury content from dry weight to wet welght. In
further research, it is advisable to perform optimization of the diying
method and if the i would b astandard
addition method might be useful. An important step towards estimating
consumer exposure lo toxic elements contained in CT is also to estimate

values for only one group of that can be o5
standard smokers. Meanwhile, there is a vast number of subp: i

their real di: pathway to the human body. For this purpose, it is

that differ within, exposure (eg. ! of some in-
dustry branches), physical workers whase DIR factor may differ, ado-
lescents and children, who might be more toxicologically sensitive, and
possibly others. Therefore it Is advisable to take into account sub-

and their ch i while exposure (Eu
ropean Chemicals Agency, 2012), For that purpose suggested approach
can be used,

Despite numerous efforts to promote smoking cessation (L= Foll
et al, 2 WHO Study Group on Tebacco Production Regulation,
2012), tobacco (M. Shahbandeh, 2021) and a
high number of smoking-related deaths persist worldwide (Le Foll et ul,
2022). In addition to attempts to reduce the number of tobacco users,
the use of each cigarette as an air filter could be considered. Using
mercury as an example, by placing a health-neutral agent in the filter
(Pauly et al, 1997), effectively immobilizing Hg vapor (Langtord and
Fermer, 1990), smoking would decontaminate (from this element) not
only the smoke but also the ambient air. This would both relieve
smokers' organisms and have a positive impact on the environment. The
problem of collecting used contaminated filters could be obtained with
any motivation system, such as deposit system. Price of cigarette pack-
age could be discounted for consumers giving back in settlement used
filters. A single cigarette would have little impact on decontaminating
the atmosphere, but a large number of them could help to elimi; Hg

worth o smoke analysis, which however is associated with
some technical laboratory difficulties.

The method in this study enabls imation of 3
exposure to mercury from combustible tobacco products using the
method used for food products consumers. Such computational method
is however limited, so it ndvmxnhle is lo up:lnd research including
population studies with veri of ility by the i
speciation studies, and using it with a wider spectrum of elements.

T ing the exposure method used for food con-
sumers to tobacco consumers has another key advantage. Applying the
same estimation method to food and smoking allows further convenient

of total Such d provides new op-

portunities for further research,
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of ing interest

from the and reduce its from CT products. This
approach can be considered inspired by a similar path occurring in na-
ture! filtrating water mussels (Elliotr et al . 2000). On the scale of a lake
or sea, a single organism does not have a significant meaning, but
thousands and millions of them do (Vaughn, 2018).

4. Conclusions

The study demonmls that nnplgmenmu the same method to

y exposure from food is

feasible and cou\ulum to use. Simultaneously, this is the first tme such
an approach has been used with CT. Its employment requires the use of
an appropriate standard or Index for the maximum permissible inhala-
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tion dose of volatile mercury for a specific a
basis for its application. Because there are none, the most restrictive REL
for airborne Hg pollution was adopted as an alternative strategy.
Therefore, the urgent need to define a suitable index for combustible
tobacco products, for a variety of subpopulations of smokers was
identified,

Based on research, CT products alone are believed to be unlikely 1o
cause mercury poisoning in smokers themselves (for standard, adult
smokers p ion which was in this study), ing to
the MRL index provided by ATSDR. It should be noted, however, that
more Hg sources in the human also affect thelr

hould be added up. F a known as
the comlmwd toxicity effect was in the scientific Ii
suggesting that the adverse health effect of volatile Hg could be exac-
erbated when it is mixed with other components of smoke. There is a
lack of baseline studies of noncigarette CT products in the scientific
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20  Abstract
21  Smoking-related diseases represent a substantial global health challenge, particularly given the
22 direct inhalation of smoke into the vulnerable respiratory system. This method of consumption
23 presents a challenge in classifying smoking in terms of exposure to toxins, in comparison to
24 other forms of environmental contamination, such as food or air pollution. Combustible tobacco
25  products (CTPs), including cigars, pipe tobaccos, bidis, and cigarettes, are therefore among the
26 most toxic materials with a wide range of adverse health effects. The majority of studies on
27  toxic elements in CTPs concentrate on cigarettes, with other forms of tobacco receiving
28  comparatively little attention. Furthermore, there is currently no established methodology for
29  estimating consumer exposure to these elements regarding smoke inhalation. The aim of this
30  study was to estimate the exposure of consumers to potentially toxic elements (PTEs) in various
31  CTPs, utilising a model adapted from food chemistry but considering air pollution exposure
32 levels and the distinctive characteristics of smoking. The findings indicate that the inhalation
33 of smoke from less than 0.5 g of tobacco can deliver hazardous doses of elements, such as Ni
34 (noncancer risk) or As (carcinogenic risk). This suggests that inhalation of toxic elements in
35  cigarette smoke significantly contributes to tobacco-related health risks.
36
37 Statement of Environmental Implication:
38
39 1. The analyzed tobacco and the determined potentially toxic elements themselves are
40 contaminating materials and compounds as they have hazardous effects on the
41 environment and humans.
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42 2. The results of the study represent environmentally relevant conditions, as the analysis
43 was made on real tobacco product samples and the calculations were appropriately
44 modelled to estimate actual human exposure conditions.
45
46  Graphical abstract
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47
48 List of abbrewiations:
49  AAS - Atomic Absorption Spectrometry
50 ADDe - Acceptable Daily Dose for the Element in question
51 ATSDR - Agency for Toxic Substances and Diseases Registry
52 CRM - Certified Reference Material
53 CTP - Combustible Tobacco Product
54 CV - Coefficient of Variation
55  Cww - Content in the Wet Weight
56 DIR - Daily Inhalation Ratio
57 FCTC - Framework Convention on Tobecco Control
58 ICP-MS - Inductively Coupled Plasma - Mass Spectrometry
59 ISO - Iternational Standards Organisation
60 ITER - International Toxicity Estimates for Risk
61 LOD - Limit of Detection
62  LOQ - Limit of Quantification
63 MDL - Method Detection Limit
64  MIP-OES - Microwave Induced Plasma Optical Emission Spectroscopy
65 MPCT - Maximum Possible Consumption of Tobacco
66 MQL - Method Quantification Limit
67 MRL - Minimal Risk Level
68 NA - Not Applicable
69 PP - Polypropylene
70  PTEs - Potentially Toxic Elements
71 RIVM - Rijksinstituut voor Volksgezondheid en Milieu
72 RL - Risk Level
73 RLm - Risk Levels for element in question
74 TERA - Toxicology Excellence for Risk Assessment
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75  TobReg - Tobacco Product Regulation
76 TS - Transmission to Smoke
77 U.S.EPA - US Environmental Protection Agency
78  WHO - World Health Organisation
79 1. Introduction
80  Smoking is one of the most important issues in human health worldwide. Chronic obstructive
81  lung disease is expected to become one of the leading causes of death globally (Pappas et al.,
82  2014). (Pappas et al., 2014)The number of smokers and, respectively, high mortality and
83 morbidity reaching few million cases annually reflects the formidable global need for debate
84  and general research on the issue of tobacco (Le Foll et al.,, 2022). Certainly, suggested
85  prevention of starting smoking, promoting smoking cessation and protecting society from the
86  passive smoking are right pathways delimited by the World Health Organisation (WHO)
87  Framework Convention on Tobecco Control (FCTC) and Tobacco Product Regulation
88  (TobReg) (Burns et al., 2008; Hac et al., 2023; Le Foll et al., 2022). Simultaneously, regulations
89  should take into consideration toxicant yields attributed to tobacco consumption, which requires
90  a proper analytical monitoring of the tobacco products and constant search for improvements
91  in estimation of the consumers exposure.
92 (Chen et al., 2018)The respiratory system and the gastrointestinal tract are among the most
93 vulnerable ways of releasing toxins into the organism (Ha¢ et al., 2023). The epithelial cells of
94 the alveoli and the walls of the gastrointestinal tract functions are absorption processes due to
95 their roles in the organism. A major difference between human exposure to toxins through the
96  digestive and respiratory systems is the duration of exposure. Inhalation of, for example,
97  contaminated air is continuous, while ingestion of contaminated food occurs regularly, in doses.
98 A special exception is smoking tobacco products (Ha¢ et al., 2023). The addictive nature of
99  smoking habit, nicotinism, leads to the regular consumption of smoke doses by consumers
100 (Burns et al., 2008; Khlifi and Hamza-Chaffai, 2010; Le Foll et al., 2022). Therefore, the issues
101 of toxicity from food and tobacco consumption are partly related.
102 For this reason, in previous work, for the purpose of estimating the consumers exposure to
103 mercury vapour from combustible tobacco products (CTPs), we have adapted the approach
104 used to estimate the mercury exposure of food products consumers (Ha¢ et al., 2023). Some
105  new assumptions were made, appropriate to the sensitivity of the respiratory system, the rate of
106 adsorption, the toxicity of the toxin, etc. (Ha¢ et al., 2023). It is just sufficient to mention some
107  historical examples of mercury poisoning (Minamata disease, 1971 Iraq poison grain disaster,
108  erethism (‘mad hatter disease’) or Karen Elizabeth Wetterhahn accident) to state that Hg
109  metabolism and toxicity are well known (Bakir et al., 1973; Hac¢ et al., 2023; P. J. Ha¢ et al.,
110 2022; Ibrahim et al., 2006; Langford and Ferner, 1999; Steckling et al., 2011). In case of
111 smoking, it can be assumed that mercury compounds are decomposed and emitted into the
112 smoke. The absorption process, accumulation and toxicity are known for Hg vapour, and it was
113 possible to apply the suggested exposure estimation method (Langford and Ferner, 1999;
114 Milatou et al., 2020). Extending tobacco research to other elements is a natural further step, but
115 research in this field cannot follow equal assumptions as with Hg vapour. Unlike Hg vapor,
116  some trace elements may be carcinogenic. (Burns et al., 2008; Talhout et al., 2011).
117 Characterisation of CTPs use enforces that the direct source of exposure is tobacco smoke and
118  the toxins it contains. Common methods of collecting smoke constituents for analysis use
119 cigarette-smoking machine and dedicated smoking conditions regimes by the Iternational
120  Standards Organisation (ISO 20778:2018; ISO 3402:2023, ISO 4387:2019; and ISO
121 3308:2012) or Health Canada Intense (Burns et al., 2008; Margham et al., 2016; Pappas et al.,
122 2014; Pelit et al., 2013; Talhout et al., 2011). These methods assume, for example, different
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123 ‘artificial smoking' regimes, e.g. 35 ml puff volume, 2 s puff time and a 58 second pause
124 between puffs, or, preferred, 55 ml puff for 2 s, bell-shaped puff profile and intake for 2 minutes
125  (Burns et al., 2008; Margham et al., 2016). However, the methods of smoke intake is subject of
126 debate, as no regime will sufficiently reflect actual and individual smoking habits (Burns et al.,
127 2008; Margham et al., 2016; Pappas et al., 2014). One of the greatest limitations seems to
128  remain unnoticed, i.e. standardised smoking approach and usage of cigarette-smoking machine
129 concerns almost exclusively, namely- cigarettes.
130 CTPs represent a wide range of products, but a lack of literature on the elemental analysis of
131 non-cigarette products was identified (P. J. Ha¢ et al., 2022). Only ten publications on the
132 potentially toxic elements (PTEs) content in cigars were found between 1972 and 2019 (P. J.
133 Ha¢ et al, 2022). Meanwhile, a significant change in the trend of cigar smoking was
134 documented in the 1990s with the introduction of the lifestyle magazine 'Cigar Aficionado'
135  (DeSantis and Morgan, 2003). The increasing number of cigar smokers has not resulted in an
136  equal increase in the number of publications on the toxic element content in these products
137 (Baker et al., 2000). Cigars usually have the highest weight of a single product, in comparison
138 to cigarettes, which may also indicate a higher dose of toxins delivered during cigar smoking.
139 Therefore, this study is mainly concerned with cigars, but few pipe tobaccos, cigarettes, and
140  bidis (popular in India CTPs) were also analysed.
141  The ongoing lack of research on the contamination of the contamination of cigars, pipe
142 tobaccos, and bidis with toxic elements reflects the the lack of regulations or dedicated testing
143 regimes. Therefore regardless conducting research in this field (and potentially initiating
144 debate), it must be clearly noted, what formidable challanges must be considered while
145 adjustments approaches for wider spectrum of CTPs, as they come in various shapes, sizes, and
146  have different manufacturing methods.
147 During the literature analysis, only a dozen papers concerning the contents of toxic elements in
148  cigar samples were found. Researchers have analysed the content of 11 elements, i.e.: Fe, Mn,
149  Pb, Cd, Ni, Cr, Zn, Cu, Co, As, and Hg separately (Ferreira et al., 2019; Fresquez et al., 2015;
150  P.J. Ha¢ et al., 2022; Pappas et al., 2014; Verma et al., 2010). In present work, authors have
151  followed the model of previous studies, both in the choice of sample preparation methods and
152 in the choice of elements. Therefore, contents of 17 elements: Al, V, Cr, Mn, Fe, Co, Ni, Cu,
153 Zn, Ga, As, Se, Cd, Sb, T1, Pb, and Bi were analysed. This work expands on our previous studies
154 on the mercury content in tobacco (Ha¢ et al., 2023; P. Ha¢ et al., 2022).
155  As it was evaluated, some of these elements have emerged as formidable air toxicants,
156  polluting, e.g. urban areas (Majewski et al., 2023). These PTEs are represented by highly dense
157  elements, posing toxicity to organisms even at trace levels, like heavy metals (Majewski et al.,
158 2023). Its releacement is related, among other sources, to combustion processes (Majewski et
159 al, 2023). Therefore, smoking seems to create favourable conditions for decomposition and
160  targeted emission of these elements to the lungs of smokers. After being inhaled and absorbed,
161  PTEs have the ability to accumulate in body tissues and thus cause chronic issues. Some of
162 these elements, more specifically As, Cd, Cr, Co, Pb, and Ni, are considered carcinogens when
163 inhaled (Majewski et al., 2023). Alongside those carcinogenic, other element contents were
164  also determined in this study, as non-carcinogens or just to provide valuable data in the
165  identified lacking field of research.
166  Furthermore, tobacco plants are well known for their affinity for absorbing heavy metals from
167  contaminated soils (Yu et al., 2021). This makes tobacco a product that is not only potentially
168  rich in PTEs but also consumed in the most harmful way. At the same time, consumers use it
169  regularly due to its addictive nature, and there is a lack of research in the field of a broad
170 spectrum of CTPs. All this makes tobacco considered one of the most hazardous commercially
171  available and globalised consumable material in the human environment.
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172 This study aims to investigate contents of 17 element contents in CTPs, with particular attention
173 paid to cigars and other non-cigarette products and to estimate consumers' exposure to these
174  elements determined in CTPs. The second aim of this research is to test an established
175  estimation method similar to that used in food chemistry. The results obtained were converted
176  to the potentially toxic weight of CTP meeting the assumptions of this approach. This study
177  also meets the lack of research in this field and allows a narrow spectrum of PTEs possibly
178  occurring in non-cigarette tobacco smoke for future studies. Therefore, the determined contents
179  allow to predict the potential scale of certain CTPs toxity and shows the need for regular
180  monitoring of PTEs in these products.
181 1.1.  Risk Levels for PTEs Inhalation
182 The risk assessment of the human adverse health effect caused by the toxins present in tobacco
183  smoke must include several influencing factors. First, due to the specific method of
184  consumption of CTPs, only exposure to inhalation should be considered. This narrows the usage
185  of the range of risk value parameters of the elements studied established by several
186  organisations exclusively to the risk of inhalation. In particular, attention should be paid to these
187  elements of known toxic effect within such a route of distribution.
188  The risk value parameters for inhalation exposure are established by several organisations, such
189  as the Agency for Toxic Substances and Diseases Registry (ATSDR), the US Environmental
190  Protection Agency (U.S. EPA), Health Canada, Rijksinstituut voor Volksgezondheid en Milieu
191  (RIVM) (Talhout et al., 2011). A convenient summary of the risk value parameters is provided
192 by the Toxicology Excellence for Risk Assessment (TERA) organisation within a useful online
193 tool, that is, the International Toxicity Estimates for Risk (ITER) (Talhout et al., 2011;
194 Toxicology Excellence for Risk Assessment, 2024). In ITER Database, planty of various
195  parameters is presented by way of exposure, but for the purpose of this work, it was decided to
196  focus only on ATSDR, U.S. EPA, Health Canada and RIVM inhalation parameters, if provided.
197  Table S1 presents both carcinogenic and noncarcinogenic risk level (RL) parameters for chosen
198  elements, established by four, mentioned organisations, provided by ITER Database by TERA.
199 It must be remembered that shown evaluations for RLs concerns listed elements in general,
200  mostly concerning inorganic form. There are a vast number of different compounds containing
201  listed elements, of different toxicities and thus different RLs. The combustion process of
202  tobacco products applies an increased temperature, so compounds may evaporate, decompose,
203  and undergo various reactions.
204  The values presented in Table S1 and the relevant literature references are reflected in the
205  standards established by the above organisations. This standards for inhalation RLs provide
206  also information on the type of harmfulness (carcinogenic, non- carcinogenic) (Agency for
207  Toxic Substances and Disease Registry, 2023a, 2023b, 2022, 2020, 2019, 2012a, 2012b, 2012c,
208  2012d, 2008, 2007, 2005, 2003, 1992; Baars et al., 2001; Health Canada, 1996; RIVM, 1995;
209  Tiesjema and Baars, 2009; U.S. Environmental Protection Agency, 2009, 2005, 2004, 1998,
210 1995, 1991a, 1991b, 1989).
211 2. Materials and Methods
212 2.1.  Sampling
213 The current study extends the previous one with a wide range of elements analysed; therefore,
214  the same set of samples was used. The population included 141 tobaccos of four product types,
215 among which 72 were cigars (over 30 brands), 33 cigarette tobacco (11 brands), 21 pipe
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tobaccos (7 brands) and 15 bidis (5 brands) (Hac¢ et al., 2023). Except bidis, which were
delivered from Rajkot, (western province of India, Gujarat), all samples were purchased in
Poland in years 2021-2022, cigars via two online stores, and the rest stationary in Gdansk
(northern Poland). Some of the products in this sample population consisted of additional
materials, i.e. paper and filer in cigarettes (and few little cigars with filters), and short thread in
bidis. However, it was decided to analyse only plant-based material.
Cigars come as the most differentiated in the respect of origin, as they represent: The Republic
of Nicaragua, The United Mexican States, The Dominican Republic, and The Republic of Cuba.
Attention was paid to choosing samples of homogeneous origin, based on information provided
by the store. Bidis are produced exclusively in India. Pipe tobacco and cigarettes consist of
tobacco of different origins or types. For example, a cigarette blend can be composed of Flue-
Cured, Burley, Maryland, or Oriental tobaccos (Bell and Mulchi’, 1990).

2.2.  Sample Preparation
In the previous study, cold vapour atomic abstorption spectrometry was used to determine Hg
content in CTP samples (Ha¢ et al., 2023). Pre-prepared samples were made with the same
methods as in the last study, ie. dried at approximately 100 °C temperature for 24 h,
homogenised, and stored in polypropylene (PP) centrifuge tubes.
Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) employed for the purpose of
determining elements in this study requires application of dissolved samples. Therefore,
grinded samples were digested. To choose optimum digestion acid mixture, a series of
measurements was performed with different mixtures of HNO3, HCI, and H202, and the content
of few elements was determined with the use of Microwave Induced Plasma Optical Emission
Spectroscopy (MIP-OES).
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7 ml HNO,

7 ml HNO,

7 ml HNO,

7 ml HNO; ; 1 ml HCI
7 ml HNO; ; 1 ml HCI

7 ml HNO; ; 1 ml 30% H,0,
7 ml HNO, ; 1 ml 30% H,0,
7 ml HNO; ; 2 ml 30% H,0,
7 ml HNO; ; 2 ml 30% H,0,

Figure 1. Heatmap showing the relation between the determined elemental content and the
composition of the digestion mixture. The results have been normalised from -1 to +1, where
values below 0 are shown in blue, and those above are shown in red. The components of
digestion solutions are presented on the right side of the heatmap, the symbols of the elements
are above it, and on the left side is the strip with the average colour of each row. The purple
loop represents the normalised results for the digestion mixture, which exhibited the highest
concentrations.
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248  Based on the results, it was observed that the highest element content was obtained for the
249  mixture of 7 ml of concentrated nitric and 2 ml of hydrochloric acids. This is demonstrated in
250  Figure 1, which illustrates that the highest values for the content of the elements under
251  examination were obtained for this mixture of acids. Precise results were not significantly
252 different for all of the measurements, however, it was decided to employ this acid mixture,
253 supported with microwave digestion system.
254  The mineralised samples were diluted with deionised water (ISO 3694 Grade I, 0.05 pS/cm
255 [25°C]) to 25 ml in polimethylpenten volumetric flasks and filtered (to avoid the presence of
256  silica particles during the analysis) in centrifuge tubes of PP in which they were stored.
257  Before analysis with ICP-MS, from each sample solution, an appropriate portion (1 ml or 10
258 ml) was taken and transferred to a polytetrafluoroethylene container, and evaporated at
259  approximately 100 °C. The residues obtained were dissolved in approximately 10 ml of 2%
260  nitric acid matrix solution. The mentioned 2% nitric acid was also used to prepare calibration
261  solutions and was treated as a blank sample during the analysis.
262 Theresults obtained were recalculated to the content in wet weight of tobacco, and are presented
263 in Table S3 in the form of raw data after general preprocessing. Limits of detection (LOD) and
264  limits of quantification (LOQ) were determined on the basis of calibration curves for each
265  sample analysis set and, using the same recalculation method, were used to determine method
266  detection limits (MDLs) and method quantification limits (MQLs). Table S2 presents all MDLs
267  and MQLs.
268 2.3.  Apparatus
269  All samples were dried in laboratory dryer Redline by Binder at approximately 100 °C for 24
270  h. The grinding was performed with an agate mortar and pestle to avoid any elemental
271  contamination. Samples were digested with the use of a Microwave assisted digestion system
272 Multiwave GO provided by Anton Paar. For the purpose of checking the optimum digestion
273 acid mixture, a MIP-OES technique was applied (Agilent - 4210 MP-AES). Standards for
274  calibration solutions were purchased from Merck, ICP-MS purity. As mentioned above, based
275  on the results obtained, it was decided to use a mixture of 7 ml of suprapure 69.00-70.00%
276 nitric acid by Baker® and 2 ml of suprapure 36% hydrochloric acid by Baker®. Bottle dispensers
277  were used for the acid dosing: Dispensette® S Organic Analog 1-5 ml and Mikrolit BEATUS
278  1-10 ml. The diluted sample solutions were sorted in PP centrifuge tubes, protected with
279  Parafilm®. The prepared sample solutions were transferred to PP containers suitable for the
280  autosampler mechanism then forwarded to analysis. The content of other trace elements in
281  digested solutions was determined using ICP-MS model, 7700 Agilent Technologies, using He
282  mode. All reagents used for samples and calibrations preparation were ICP purity.
283  Calibration solutions were made from standard solutions of each element, atomic absorption
284  spectrometry (AAS)-grade, KANTO Chemical. The assumed range of calibration solutions was
285  between 0.1 ng/g and 500 ng/g and included 8 points. It was decided to use extrapolation of the
286  calibration curve for results exceeding the range, as they fit properly to the curve.
287  An auxiliary certified reference material (CRM) was also used in the study. This was the Polish
288  reference material Oriental Basma Tobacco Leaves (INCT-OBLT-5) prepared by the Institute
289  of Nuclear Chemistry and Technology in Warsaw, Poland, 2011 (material prepared in 2008).
290 2.4.  Quality control tools
291  In order to ensure the accuracy and precision of the results obtained in relation to the actual
292 values of elements content in tobacco, a CRM determination was conducted using the same test
293 procedure applied to the actual samples. The certified values for elements listed in Table 1
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294 represent the content of those elements in the CRM material, and were exclusively determined
295  using ICP-MS.
296  Table 1. The results of the determination of selected elements in the certified reference material
297  (CRM) are presented herewith.
No. |Tre | Al Cr Mn | Fe Co |Cu [Zn |As |[Cd |Sb Pb
of data
1 48 £ | 179 £+ [ 1490 £ | 091 = | 891 £ | 514 =] 070 £ |276 +| 507 + | 1.93+0
1.3 14 110 0.16 0.12 4.7 0.12 0.22 12 16
[ng/e]
2 2891 £ | 169.5 + [ 1304.1 0.5886 17.09 = | 51.60 £ | 0.432 + | 1.698 + | 47.4 + | 1.2578
0.018 1.3 +7.6 + 0.14 0.50 0.028 0.049 29 +
0.0094 Inglel | 0.0068
3 992.13 345 — | 1654 — | 1305.08 | 0.54 — [ 878 — | 3693 — | 0.57 — | 240 - | 495 — | 1.65 —
- 8.22 198.83 - 1.16 9.04 56.90 0.90 3.16 51.8 2.08
1860.40 1643.83 [ng/e]
4 1027 £ | 6012 | 944 + | 877 = [ 644 = | 192 = | 100 = | 80+26 | 61.5 = | 99+12 | 656 =
79 3.9 8.8 6.4 34 26 5.0 38
298  The recovery values for Al, Mn, Fe, Zn, As and Sb indicated in Table 1 are satisfactory with
299  the established principle that recovery should be within the range of 80-120%, including the
300 inherent uncertainty of the result. The results for Cr, Co, Cd, and Pb are deemed unsatisfactory,
301  with recoveries of approximately 60%. Similarly, the recovery of Cu is approximately 192%.
302  For this purpose, it is advisable to use a CRM made from a tobacco sample, which are limited
303 in number on the market or have been made a long time ago. To increase the quality of future
304  studies, it is also advisable to prepare a dedicated tobacco CRM, both containing PTEs and
305  potentially toxic organic compounds.
306  Itis particularly noteworthy that the recovery of copper is almost twice as high as the certified
307  value for this element in the CRM. It is likely that this is due to the presence of interfering
308  polyatomic species in the sodium-containing samples (Lyon and Fell, 1990). The agglomerate
309 ion of the most common isotope, ArNa', has a total mass-to-charge [m/z] ratio equal to that of
310  the m/z copperion (Lyon and Fell, 1990).
311  The comparatively lower recoveries of Cr, Co, Cd and Pb may be indicative of a systematic
312 error. This can be readily rectified by applying an appropriate correction factor when converting
313 the results of the content of these elements in tobacco.
314 2.4. Risk Assessment Evaluation
315  Risk levels were established for 9 of the 17 elements in question, but as evidenced above, a lack
316  of RL value does not mean they are safe to inhale. However, Table S1 presents values in ng/m?
317  units what implicates additional problems in the context of assessing tobacco consumption risk.
318  Itis difficult to estimate the volume of inhaled smoke, and it would require smoke elemental
319  analysis. Instead, it is possible to calculate the acceptable daily dose for the element in question
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320  (ADDgL), based on the risk levels for this element (RLE1) listed in Table S1. It is necessary to
321  determine the daily inhalation ratio (DIR), following the approach used in previous work (Ha¢
322 etal., 2023). In Europe, this factor is established on the DIR level = 20 m? (European Chemicals
323 Agency, 2012; Haé et al., 2023). It should be emphasised that the use of 20m? as the average
324 volume of air inhaled per day does not mean the inhalation of 20m? of smoke per day. At this
325  step, we calculate what dose of a given inhaled PTE is harmful and, for this purpose, we convert
326  the concentrations defined in RL [ng/m®] into dangerous-to-inhale doses of PTEs [ng].
327  Equation 1 presents the calculation of ADDEg1, while Equation 2 presents an example calculation
328  for the chromium(VI) hexavalent, non-carcinogenic U.S. EPA RL (8 ng/m?).
ADDg = RLg, " DIR (1)
ADDgryy =8 "9/, 5-20m® = 160 ng @
329  Based on the data presented, it can be assumed that the daily inhalation dose of approximately
330 160 ng of chromium(VI) hexavalent corresponds to noncancer inhalation exposure. To
331  calculate the amount of tobacco containing this amount of Cr, ADDcx(viy should be divided by
332 the content of chromium in the wet weight of tobacco sample Ccrww. This is how a maximum
333 possible consumption of tobacco (MPCT) is calculated, and is shown in Equation 3. A similar
334 approach was already used in a previous study on the exposure of smokers to mercury (Ha¢ et
335  al., 2023). Equation 4 shows an example substitution into the equation content of Cr in Turrent
336  Tradicional Robusto Natural cigar, which is Ccrww = 1083 ng/g.
ADDyg,
MPCT = —— 3)
CWW
MPCT = L,?j =015g @
1083 "9/
337  Equation 4 can be considered to be extended by two additional factor, transmission to smoke
338  (TS). Therefore, it is justified to multiply Cww by the TS factor representing part of element
339  content emitted to the smoke from the solid sample, an effective content. It is achievable to use
340  the highest known value of TS, and if it was not specified, to assess TS = 100%, as it is the
341 ‘worst case scenario’. The transmission value to smoke for some elements is empirically
342 determined and can be found in the literature (Pelit et al., 2013).
ADDg,  RLg - DIR
MPCT_CWW-TS_ Copw " TS ®
343 This study concerns consumers of CTPs’ exposure only to toxic elements of these products, but
344  quation 5 can be applied for any toxins ocurring in tobacco, appropriately changed if necessary.
345  The only requirement is the substitution of any RL for the studied toxine.
346  Once lit, CTPs reach high temperatures, respectively, of up to approximately 750-900°C of the
347  embers (Mallock et al., 2019). Combustion might support decomposition of any metaloorganic
348  compounds and releasment of the elements to the smoke, targeted directly (or indirectly in case
349  of sidestream smoke) to the exposed lungs of smokers. Furthermore, if an element occurs in the
350  tobacco sample in a metaloorganic form, it may also undergo an evaporation process as behind
351  the embers there is a ‘distillation zone” with temperature range of 200-600 °C, where for
352 example nicotine is expected to evaporate (Mallock et al., 2019). This study does not concern
353 smoke analysis or speciation, however, provides a method, expressed by Equation 5, to estimate
354 the exposure of consumers to any toxicant in question. More precise determination of in what
355  form the elements analysed occur in tobacco smoke would allow one to calculate more genuine
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356  MPCT. Since then, the current approach suggests and tests it for the hypothetic scenario of
357  releasment to the smoke elements only in elemental or simple inorganic form.
358  Further studies should also consider additional factors for risk assessment. There are two types
359  of smoke: mainstream smoke and sidestream smoke, and it is possible to determine its split
360 ratio and use it in calculate MPCT. Various smoking habits should also be analysed, one of
361  them is the puffing frequency, which is individual (Burns et al., 2008).
362  Tobacco material, considering the above risk assessment, is a highly hazardous source of
363  exposure to PTEs. The increased temperature used for smoking can favour decomposition and
364  the release of elements contained in the leaves. At the same time, relatively high levels of heavy
365 metals are expected in tobacco, in reference to the fact that tobacco has a good capacity to
366  accumulate them (Yu et al., 2021). Moreover, inhalation of toxins is one of the more dangerous
367  routes of exposure, so the risk of exposure should be assessed as: very high.
368 3. Results and Discussion
369  The detailed results of the main aim of this study are presented in Table S3, which shows the
370  values of the content of the 17 elements in the wet weight of tobacco, and the uncertainties
371  expressed as coefficient of variation (CV). The Indian Motorcycle Maduro Toro cigar was
372 excluded from the sample population because the sample was contaminated during the
373  preparation process.
374  Among the 17 determined elements, tobacco contained minor amounts of five of them, i.e. Ga,
375  As, Se, Tl, and Bi. In their case, not only were many results below the method quantification
376  or even detection limit, but significant relative standard deviation values were noticed. In
377  particular for selenium, the CV sometimes exceeds up to 80%. Such results are obviously not
378  representative and should be discarded, or a new calibration and new determination should be
379  performed for these elements. However, it was decided to leave them in Table S3, as
380  confirmation of the negligible content of these elements in the tobacco samples analysed.
381  Special attention should be paid to arcenic, as its levels are low in tobacco samples; however,
382 its adverse health effect to humans is significant. It is one of the most toxic elements and, when
383  inhaled, is hazardous even at extremely low doses. Therefore, despite the low content in the
384  tobacco samples, it was used to prepare the box plot in Figure 3.
385  To estimate consumer exposure to toxic elements in tobacco, the approach previously described
386  was used, modelled on methods used to estimate food consumer exposure (Ha¢ et al., 2023;
387  Milatou et al., 2020). The more restrictive values from Table 1 were used in Equation 5,
388  resulting in the calculation of the maximum tobacco weights. The box plots shown in Figures
389 2 and 3 represent these weights of tobacco, whose smoking provides the body with the
390  equivalent of the daily dose of toxic elements specified in Table 1. This means that by smoking
391 0.5 g of tobacco, consumers risk delivering the same dose of inhaled chromium, manganese or
392 nickel to the body that causes non-cancerous diseases. Some of the values require multiplication
393 or division, which is mentioned in the figure legends.
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Figure 2. Box plot chart showing MPCT values for noncancer risk of tobacco consumption,
what is a weight of tobacco that delivers hazardous dose of toxic element. It is important to be
aware of the potential for the copper content to be overestimated due to the formation of
interfering polyatomic species, as discussed in section 2.4.
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Figure 3. Box plot chart showing MPCT values for cancer risk of tobacco consumption, what
is a weight of tobacco that delivers hazardous dose of toxic element. In interpreting both figures,
it is important to consider that lower recoveries of approximately 60% were obtained for Cr,
Co, Cd and Pb, which may indicate the presence of a systematic error. This indicates the
necessity for the introduction of appropriate correction factors into the calculation for these
elements. It is of paramount importance to note that the hypothesis that the actual content of
these elements in tobacco is higher than previously assumed indicates that the MPCT for them
for both risks is only lower, which, from the consumer's perspective, implies a higher level of
exposure.

As can be seen, calculated values of noncancer risk generally do not exceed 10 g of tobacco.
The exceptions are vanadium and cobalt. On the other hand, for cancer risk, smoking less than
0.5 grammes of tobacco can cause carcinogenicity. However, when analysing these figures, it
should be remembered that the TS factors values were only applied to manganese, copper, and
cadmium, as only for these elements the relevant data was found (respectively: TSwn = 0.42,
TScu=0.74, TSco = 0.77) (Pelit et al., 2013). It must be emphasised that these values concern
only cigarette data but were used for all products in this study (Pelit et al., 2013). Determining
the levels of transmission for other elements into smoke would allow for a more precise
estimation of consumer exposure. Moreover, it is particularly remarkable that this estimate
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418  relates to the very specific assumption that smokers inhale all the smoke that is produced during
419 smoking. During smoking, the smoke is divided into mainstream and sidestream smokes, which
420  was not taken under consideration. The extent of this division depends on individual puffing
421  habits (Burns et al., 2008). Furthermore, the volume of smoke inhaled varies according to
422 individual circumstances, both anatomical and subjective preferences.
423 The most important assumption of this study is that the emission of the determined toxic metals
424  follows in inorganic form. Without speciation studies of the smoke, it is impossible to determine
425  the exact form in which an element is present in it. Migrating along the length of a cigarette,
426  cigar, pipe insert or bidi, as they are smoked, the embers gradually raise the temperature of the
427  tobacco, leading to the emission of compounds such as nicotine. Therefore, it is possible that
428  PTEs, which occur in organic forms, may evaporate from the tobacco before they are exposed
429  to the embers. The toxicity of other forms of these elements can vary, and therefore the RLs
430  can also vary for, eg. tetracthyllead. Approach proposed in this study allows these other RL
431  values to be substituted in Equation 5 to calculate the relevant MPCTs.
432 The sample preparation method could also influence the results, since before homogenisation,
433 drying of tobacco was necessary. Such a drying process, lasting 24 h under 100 °C conditions,
434 could influence the content of elements, possibly resulting in loss of elements before analysis.
435  This effect can be reduced by drying samples without using increased temperature or by
436  conducting homogenisation under cryogenic conditions.
437  When analysing the results, it should also always be remembered that the calculated MPCT
438  wvalues refer to individual elements. No consideration has been given to any additive,
439  antagonistic or synergistic toxic effects that may occur during simultaneous exposure to all of
440  PTEs, particular matter, or toxic compounds. Meanwhile, exposure of consumers and those
441  around them occurs to the mixture of toxins in smoke, which can amplify the hazardous effect
442 on health.
443 The last factor influencing consumer exposure is related to the diversification of exposure
444 sources. In this study, the only exposure source considered was tobacco. Meanwhile, the human
445 environment is abundant with various sources of toxin emissions. Workers in certain industries
446  may also be exposed to occupational pollution. Tobacco smoke is only an additional and very
447  direct source of exposure. Moreover, this is only exposure to inhalation, and the total toxicity
448  budget is still contributed by exposure, for example, to food constituents. The effect of
449  environmental impact would further reduce the MPCT values presented. As the approach used
450  was modelled on the approach used in estimating exposure in food, this opens the way to
451  unifying approaches and estimating total exposure.
452 In addition to providing a method to estimate the exposure of consumers to some PTEs, this
453 study also provides valuable information on the content of certain elements in various tobacco
454  products. Therefore, among the elements analysed, the contents determined ranged for,
455  respectively: Al from 187.5 mg/kg to 1.26 g/kg, Fe from 184.6 mg/kg to 4.72 g/kg, Zn from
456  15.0 mg/kg to 1.0 g/kg, Mn from 4.16 mg/kg to 56.19 mg/kg, Cu from 3.47 mg/kg to 43.86
457  mg/kg (as previously stated and as the validation demonstrates, it is probable that these values
458  are approximately twice too high), Cr from 0.15 mg/kg to 15.90 mg/kg (as mentioned in
459  paragraph 2.4, this may be an underestimated), Ni from 0.25 mg/kg to 6.20 mg/kg, Co from
460  80.8 pg/kg to 4.97 mg/kg (as mentioned in paragraph 2.4, this may be an underestimated), V
461  from 0.17 mg/kg to 2.26 mg/kg, Pb from 72.2 pg/kg to 2.03 mg/kg (as mentioned in paragraph
462 2.4, this may be an underestimated), Cd from MQL to 1.71 mg/kg (as mentioned in paragraph
463 2.4, this may be an underestimated), Ga from MQL to 0.37 mg/kg, As from MQL to 0.44 mg/kg
464  and Se, Sb, Tl and Bi in small quantities. These values generally correspond to the scale content
465  of'the elements determined in tobacco, obtained during the review of the literature on elemental
466  analysis of cigars (P. J. Ha¢ et al., 2022). The exceptions are cobalt, which determined content
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467  was even approximately 7 times higher, and arsenic, which content was 2-3 times lower in this
468  study (P.J. Ha¢ et al., 2022).
469 1t is particularly noteworthy that bidis contain significantly more chromium and nickel than
470  other tobacco products. Mean Cr content in bidis was 4.8 mg/kg while for rest of the products
471 it was considered lower (0.57 mg/kg), while for Ni it was respectively 3.2 mg/kg and 1.1 mg/kg.
472 Simultaneously it contained significantly less Mn (average for: bidis 5.7 mg/kg, other products
473 16.7 mg/kg), Cu (average for: bidis 8.7 mg/kg, other products 13.8 mg/kg, as previously stated
474  and as the validation demonstrates, it is probable that these values are approximately twice too
475  high) and Zn (average for: bidis 17.5 mg/kg, other products 50.6 mg/kg). It is more likely that
476  this fact is related to the origin of the products (and related to this fact soil/air pollution or
477  constituents of fertilizers used) rather than its type, however, bidis are wrapped in ‘tendu leaf’
478  (Diospyros melanoxylon Roxb.) which may influence the result (Hunter, 1981). An origin factor
479  should be identified as the most likely cause of the increased Cr and Ni content in the bidi
480  samples. Tobacco plants used to produce bidis are more likely to be grown in India, so it is
481  expected that the soils in the growing areas are more abundant in these elements, farmers use
482 pesticides or fertilisers containing these metals or the environment is contaminated. The last
483  issue seems to be the most probable. There are reports, even very recent, of contamination of
484  chromium and nickel soils and ground water in India (Gupta et al., 2024; Kumar et al., 2009).
485  Environmental pollution may have had a significant impact on the elevated levels of these
486  metals in the bidi. As previously stated, incomplete recovery may result in an underestimation
487  of'the labelled content values for Cr, Co, Cd and Pb, thereby increasing the exposure of tobacco
488  consumers to these elements.
489  In contrast, the highest cadmium content was found in cigars, with no clear differentiation by
490  country of origin. There was less of this element in pipe and cigarettes, and usually the least in
491  bidi. Arsenic was found in the highest amounts in cigars and cigarettes (although the highest
492 result was obtained for a single bidi sample). It is noteworthy that the products of Principes
493 Corona Caribbean, Principes Corona Original, and Principes Red contained increased amounts
494 of arsenic, relative to other samples. The same products were among the samples that contained
495  the most cobalt. Tobacco is considered a plant that accumulates heavy metals well (Yu et al.,
496  2021). Together with the way inhaling the smoke produced by combustion (up to 700-950°C),
497  this makes it very hazardous to health. Therefore, all methods that reduce PTEs uptake by
498  tobacco plants deserve special attention (Yu et al., 2021).
499  As can be seen from the elemental composition analysis, there are, therefore, some trends that
500  could allow product types to be distinguished from each other. For example, bidi is
501  characterised by an increase in Cr and Ni content and a lower Cd content. However, such
502 correlations should be questioned whether such correlations constitute a 'chemical fingerprint'
503 for the origin, type of product, or method of production. Tobacco accumulates PTEs well, so
504  the elemental composition is more a reflection of environmental pollution or the cultivation
505  method (Yu et al., 2021). Thus, grown in many parts of the world, tobacco is a good sonde to
506  monitor potential environmental pollution. The results also show the importance of monitoring
507  the content of PTEs in tobacco products, which can sometimes contain increased levels of
508  elements with significant toxicity.
509  The results obtained in this work can be used to develop new tobacco smoke testing methods
510  and allow one to determine the toxic element content in non-cigarette smoke. However, this
511  mustinclude a variety of individual smoking habits, such as different puffing frequency, smoke
512 enlishment rate or intensity speed of inhalation, so factors that may influence the distribution
513 of elements between smoke, ash and tobacco butt filter (Burns et al., 2008). Interestingly, the
514  usage of cigarette smoking machines with confidence in ISO was already described as
515  ‘unsatisfactory’ for valid estimation of human exposure and also its use for product regulation
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516  (Burns et al., 2008; Hammond et al., 2007; Pappas et al., 2014). Currently discussed exclusion
517  of non-cigarette products seems to be an additional limitation of these machines.
518 3. Conclusions
519  The MPCT values obtained in this study illustrate that regular smoking of even one gram of
520  tobacco per day is extremly hazardous, even fatal, as even 0.5 g is delivering carcinogenic dose
521  of several toxic elements to the respiratory system. The results of the elemental analysis
522 obtained revealed PTEs at relatively high levels, confirming the literature reporting significant
523  elemental species accumulation by tobacco plants. Admittedly, the sensitive route of smoke
524  administration and the addictive nature that makes exposure on a daily-base, makes smoking
525  remarkably toxic. The fact that the MPCT values determined in this study reflect well the
526  maximum weight of tobacco that delivers a dangerous dose of a given toxin is confirmed by
527  the significant annual mortality caused by smoking. The results obtained in this work are
528  confirmed by real observations of the effects of smoking globally.
529  With the exception of Mn, Cu and Co, the calculation assumes a TS value of 100%. It is evident
530 that this is an unrealistic value, as it reflects a ‘worst case scenario’. It is therefore essential to
531  further develop the proposed model for estimating consumer exposure. This should be achieved
532 by investigating actual TS values depending on the combustion conditions (air flow rate,
533 combustion temperature, humidity, type of product, etc.). Such a profiling of the emission of
534  PTEs into smoke is a natural subsequent stage of research, as is the speciation of metals present
535  in smoke. The findings from such studies can be effectively integrated into the proposed
536  exposure estimation model.
537  Simultaneously, there is a lack of appropriate data in the field of permissible content of PTEs
538  in tobacco. Current study should be considered as a starting point for establishing permissible
539  content levels of PTEs in combustible tobacco products. This study demonstrates that such
540  standards are lacking and that toxic elements are present in tobacco at dangerous levels.
541  The proposed method for estimating exposure provides results that are consistent with actual
542 observations of the dangers of smoking. Therefore, it can be developed and used more widely,
543 considering more toxins, like hazardous organic compounds. Unfortunately, studies of non-
544  cigarette products and methods for testing such products are lacking. It is worth developing
545  suggested approach and test analysing methods for non-tobacco products, e.g. by introducing
546  appropriate techniques to analyse the smoke generated from any kind of CTP.
547  Inevitably, combustible tobacco products are hazardous materials, and cessation of smoking is
548  the only guaranteed way to reduce mortality related to tobacco. However, any method that
549  reduces the adsorption of PTEs by tobacco plants can have a positive impact on the health of
550  smokers and should be implemented in parallel. One of such would be reduction of total
551  contribution of these elements in the process of tobacco plantation, like fitoremediation of fields
552 prior to tobacco plantation or prohibiting the use of contaminated fertilisers, plant protection
553 products and water. However, any such activities must be preceded and supported by
554  appropriate environmental monitoring. Similarly, the introduction of additional legal standards
555  and additional regimes for tobacco production, which would reduce the content of PTEs in
556  CTPs, could have a positive health effect for smokers.
557
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759  Table captions:
760
761  Table 1. The results of the determination of selected elements in the certified reference material
762 (CRM) are presented herewith.
763
764  Table S1. Values of inhalation risk levels for the four organizations ATSDR, Health Canada,
765  RIVM and U.S. EPA.
766
767  Table S2. Method detection and quantification limits calculated on the basis of LOD and LOQ.
768
769  Table S3. Determined contents of potentially toxic elements for individual tobacco samples
770  with coefficient of variation factors.
771
772
773  Figure captions:
774
775  Figure 1. Heatmap showing the relation between the determined elemental content and the
776  composition of the digestion mixture. The results have been normalised from -1 to +1, where
777  values below 0 are shown in blue, and those above are shown in red. The components of
778  digestion solutions are presented on the right side of the heatmap, the symbols of the elements
779  are above it, and on the left side is the strip with the average colour of each row. The purple
780  loop represents the normalised results for the digestion mixture, which exhibited the highest
781  concentrations.
782
783  Figure 2. Box plot chart showing MPCT values for noncancer risk of tobacco consumption,
784  what is a weight of tobacco that delivers hazardous dose of toxic element. It is important to be
785  aware of the potential for the copper content to be overestimated due to the formation of
786  interfering polyatomic species, as discussed in section 2.4.
787
788  Figure 3. Box plot chart showing MPCT values for cancer risk of tobacco consumption, what
789  isaweight of tobacco that delivers hazardous dose of toxic element. In interpreting both figures,
790 it is important to consider that lower recoveries of approximately 60% were obtained for Cr,
791  Co, Cd and Pb, which may indicate the presence of a systematic error. This indicates the
792 necessity for the introduction of appropriate correction factors into the calculation for these
793  elements. It is of paramount importance to note that the hypothesis that the actual content of
794  these elements in tobacco is higher than previously assumed indicates that the MPCT for them
795  for both risks is only lower, which, from the consumer's perspective, implies a higher level of
796  exposure.
797
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