1 METHODS AND APPARATUS FOR THE SELECTIVE REMOVAL OF
CONSTITUENTS FROM AQUEOUS TOBACCO EXTRACTS
BACKGROUND Various methods related to making reconstituted
tobacco, by using an aqueous tobacco extract have been disclosed. As
examples, see U.S. Patent Nos. 1 016,844 3,760,815; 3,847,163;
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100éngstiectiorialissdnekira fornte3afitprndatisel foraboThéddSidoasivea such
as poyhiér Aegiiretish as a styrene-divinylbenzene resin that has been

cross-linked 5 in the swollen state and with metal binding functional

groups incorporated in the resin. The functionalized resin can contain

metal binding functional groups such as a chelating moiety. A preferred

type of chelating moiety is an iminodiacetate moiety. The above

methods can also include steps of making an aqueous tobacco extract

such as chopping tobacco plant parts, collecting tobacco plant parts, and

contacting the tobacco plant parts 10 with an agueous solution, such as

water. The above methods can also include a step of concentrating the

agueous tobacco extract The above method steps can be combined as
nart of a nroceccina Mmethnd which inchidec cteance far the calactivie
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-3- It can be advantageous to pass extract simultaneously through a
PhiglibyspisepAtacting vessels, which can be connected in serigs.orin o007
parallel. In such a system, it can also be advantageous to maintain a

number of out-of-service vessels, which can be approximately equal to the
number of in-service vessels, and which can be in a standby or

regenerating mode. 5 Preferably, the aqueous tobacco extract and the
selectiyeadgeiption a@a&b@r@w@m&a@dé BrécAriagingivesselidrying, aadmium)
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C%@@émﬁe the extraction process. For example, the temperature of the
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bogifrerppidoinsolblessetidiierag st sreaitolos et setlasatichnionagrin afdegivessel.
by spinning the mixture such as in a drum, by pressing the mixture, by
centrifugation such as in a bucket-type or basket-type centrifuge, by a
combination or sequence of such steps and the like. A preferred type of 5
centrifuge for the separation of the liquid extract from insoluble tobacco
parts includes a basket-type centrifuge such as manufactured by
Alfa-Laval. After separation, but before concentration of the extract, the
extract can be referred to as pre-concentration extract. In the
methods described herein, the aqueous extract is preferably concentrated.
The amount of soluble tobacco constituents in an aqueous extract prior to

concentration can be affected 10 by various factors, for example the ratio
nf adirieaniic enlirtion t0 tobacco matarial in the eaviraction the realativve
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The degree of concentration in an extract can be measured by a variety of
methogs skeh-as 25 specific gravity and refractive index. For yse |§2tr{1§m(+m
present methods, the extract can preferably be concentrated by a tfactor

about 1.5x, 2x or 3x-5x, for example the extract may be concentrated to a
density of about 1.2 g/ml to about 1.35_g/ml at about 43C to about 60C

(about 110 F to about 140F), for examgle about 1.28 g/ml. 30Selective

Rem@val-ofel 2hareesone & 'Ba%tgkﬁﬁéﬂm&t%&ﬁé?}ﬁf&i HARWRPAMRY of contacting
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reducing the amount of one or more of these TSNAs from an aqueous

tobacco extract can comprise contacting the extract with a TSNA selective
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ih% Om[:!’)oﬂe 9. about 0,35 gr/%mB an artlcle de SJt bout 0.5

rési nb ctgg alve"‘?slc\?(')ﬁ'lt a% (?npoafna%u es’r d‘/ihev?%ﬂagt can be
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preferably such that the Sauter average diameter can be about 0.7 mm

while the number average diameter can be about 0.65 mm and greater

than about 70% of the particles can have a diameter between 0.5 mm and

0.8 30 mm. A preferred example of a resin having the preferred

properties of a TSNA selective adsorption agent is Dowex(tm) Optipore

TM L493, (also denoted XUS-43493 by the manufacturer, and denoted

V493 when prepared for gas phase applications) manufactured by the

Dow Chemical Corporation. Purolite(tm) MN-200 is similar to Dowex(tm)

Optipore TM L493 in some ways and is another 35example of an
arcantahle TQSNA calactivie adenrntinn aneant Ac a fiirthar evamnle an
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Haas XAD-7. Among the exemplary polymer resins, a resin having the

characteristics of DowexTM Optipore TM L493 is preferred over Rohm

ana HABEYMAD-7 for the selective removal of TSNAs. In consiBEratienenois21

the foregoing, additional preferred properties of a TSNA selective

adsorption agent can be determined by examining the physical

characteristics of these products. 5Witheut intending to be bound by

q f%@)%the mechanism by which reduction of TSNAs takes place is
“helidlt o 158 B Ry A SEHEBIR IHtTALTH IO sRYRRAPRTDIE N PSRty the fiauid
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ba%@é%%tﬁ@%’enﬂ?&@a By %ﬁ@%ﬁ%@cﬂ%&%@@u@ﬂ %Bésa%%@fiﬁg Iya preferrad type of
oen@?@e@&%%&&%@? o”nsc?f?hp?crﬁfierre Cfig_}[ o%znr?sg lb%e \{)eacga rPc?i"tS mciudes | [?asket -type

cules oregoing pr characteris ICS and comm

cepiSdeR RV sas et diriarah ey Mot g Srexeraife DAl ’T@Nﬁ@é‘@tﬁﬂﬁ?@on of the
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adsor acity o ectlve a t|0n al tS HOWGVG
e
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as argicslgtng:Relntion-eREMiZalions A eRIMYLAMIREEBIIR 6858 C 1o about
60%@%??%@‘@5@5{”@% Isaf{]% P&Q&K/ gg&ﬁﬂ%@ %Cto{%ugﬁn%h of tpar cteristics of

extract and arrangement o apparatus to ba nce requirements o
AR TRATG 2R #b?&ﬂﬁﬁfé%d&@?ﬁ%%?&ﬁ%ﬁd Wﬁﬁ@’ﬁ%‘&\ﬁﬂﬁ‘i&mﬁ’@*’ﬁ“fes s
thag yerpgoweaparatyay imomhe gitiest The enersineanidiirondieniverselectizatpstanty
stiohd SNAtssleet vaigasanptienragenish Higher pHsgenasadlrdavotsparatus may be
ad@gﬁggegey efiareanic RaseR SULR ARAMIRGS LW HREJAYRI S IR 8 act and is
& (iy tlon of or anic aC|ds uch %sc h?nols A pH range of about 5 to
P % gsf 16 A ou yplcaWy preferred. A TSNA
selebrﬂ@é’%%%Pbﬁ?ﬂ?%ﬁ@ﬁ?“é“&é‘fﬁ%@Cégaaﬁ%@éﬁ%‘ff?é’ttéﬁé@ﬂww@ﬂ?&%mh as
spTEN Aredmpulmittsdhanindeto bac cecaxtimaifeand restiove steSNAct can preferably be

cof@inpALaBFdGadiaateuexBnt thandisemauesmphek compauadse EQlcentrated to

a o%%welleab%tl $I§| %/rﬁﬁ’ég gg&?t @%g%ﬁﬂﬁ' gpa%gﬁ%ipﬁetfoe ggbLX &3(1(56(%01_.{391 0°F io about

14 f reater extent than other organic components present in
%@e%‘% e84t @Bkemplary compounds against which selectivity
_in tobacco extract can be measured are alkaloids, reducing sugars, and
Sohsble smnoonias Tobadbospastrerpbiametectivenessnl amaleriabaico extract

D S PR R CH I S0 SRR BePociscively
R Sh e e A DR T herein, TSiAs

'“G&&%Tﬁd}%ﬂ RegrEGISIEY i syREenTratiBridY h@wﬁmwm&%wﬁm@mﬂne
{(Niggimdevinasasabdsend i netiNAndrssompleiahe\WAT). Thus, for example, a method of
sciRONBIPROAGAR EJQMQ& 04 B2dard of %t@ @?@A%(?FH}@ %H@&%g_o%g WHUASo extract
extract usi ni uantitative procedure

gt ALt A R e e S

g/cm3) is allowed to come to equilibrium at a temperature that is

consistent with the processing of tobacco extract, such as about 43C to

about 60C (about 110F to about 140F), in the presence of 1 g of 5

adsorbent material under conditions of constant stirring or agitation

sufficient to keep the adsorbent in suspension such as by placing the

extract and adsorbent material in a vial on a rotary plate. The

concentration of total TSNA compounds is compared for treated and

untreated extract. A TSNA adsorptivity index on a scale of 0.to 100 can be
Aefined by takina the nercentane Nnf total TSNA componiinde removed from
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30 for TSNAS than alternative resins such as Rohm and Haas MD-7 or
general purpose adsorbents. Comparative average characteristics of
tRes&&sHGarticles are summarized in Table 1. Advantapgeousiyitheiozl
TSNA selective adsorption agent may have a TSNA adsorptivity index of
about 70 or greater and a TSNA selectivity index of at least about 5. For
example, the TSNA selective adsorption agent may a TSNA adsorptivity
index of about 80 or greater and a TSNA 35selectivity index of at least

adsoEsiie) BHOR RS ASTNRLRY, FRROT SRIN QBRYE R8s BY BREH S SHEM RSy TRA &om an
aq UAIO2008109 047 TRET hB2A8/00 P02 0N 8T rTRSNACdsertvibzindes gpund fo be
surahongpOegreatarsanciee TSNA selectivity index of greater than about 10.

Re%@e%%%ﬁ@%%&@%d\éﬁ%%&%Q iﬁ‘&%@e(gé%)i%?ﬁi Wﬁ@s@—gﬁmﬁgjnmionic
(Angstrzms) Mesh Size Opt%)ﬁrgeﬁ% L493 Styrene - DVB 1100 46 20-50

coggi&tﬁf_ar]o %Wﬂ&eeoé:t%g‘sy)%}ﬁe@ﬁ Jfl RgszEnf nlfor trivinyt benzens copolymer resins.

An agent comprising beads of haloalkylated styrene-divinylbenze resin, postcross linked in a
swollen state using a Friedel-Crafts catalystis praferred, Such resins are described indetail in U.S.
Patent No. 5,079,274, and references cited tharein, which are incorporated by reference in their
antirely,

ATSNA sefective adsorption agent can be a non-ionic si‘yren@udéifinyf benzene macroporous
or macroreticular resin, A macroreticular resin has relatively larger pores, on the order of hundreds
of Angstroms, which branch into smaller pores and channels, the smaller pores having diameters on
the order of tens of Angstroms. Thus, a TSNA selective adsorption agent preferably has a high
internal surface area comprising a broad distribution of pore sizes. A preferred TSNA selective
adsorption agent can be characterized by a pore size less than about 100 Angstroms, or less than
about 50 Angstroms (e.g., about 46 Angstroms). The intemal surface area of the TSNA selective
adsorption agent can range from about 300 m¥g to more preferably at least about 1000 m%g or
greater, most preferably about 1100 m%g. A total parosity (particle specific pore volume) of about
1.15 cm%/g or greater is also preferred. A preferred TSNA selective adsorption agent resin has a
particle size from about 20-50 mesh and a crush sirength of greater than about 500 (g/bead)
indicating a highly crosslinked resin,

A preferred TSNA selective adsorplion agent comprising styrene-divinyl benzene resin can
have a solid density of at least about 1.2 g/om®, e.g., about 1.24 gicm®, a bulk density of at least
about 0.3 glem®, e.g., about 0.35 g/em®, and a particle density of about 0.50 glem®. Such a resin
can have a void fraction of about 0.7, e.g.. 0.71, with a bulk void fraction of about 0.3, e.g., .31 and
a particle void fraction of about 0.8, e.g., 0.59. The particle specific pore volume of such a resin can
be at least about 1.1 cm®/g, e.g., about 1.17 cm/g. The particle size is preferably such that the
Sauter average diameter can be about 0.7 mm while the number average diamster can be about
0.65 mm and greater than about 70% of the particles can have a diameter between 0.5 mmand 0.8
.

A preferred example of a resin having the preferred properties of 3 TSNA selective
adsocrption agentis Dowex™ Optipore™ L4903, (also denoted XUS-43483 by the manufacturer, and
denoted V493 when prepared for gas phase applications) manufactured by the Dow Chemical
Corporation. Puroclite™ MN-200 is similar to Dowex™ Optipore™ L493 in some ways and is another
example of an acceptable TSNA selective adsorption agent. As a further example, an acrylic ester

polymer resin capable of removing TSNA compounds from aqueous tobacco extract is Rohm and
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Selective removal of cadmium (Cd), mercury (Hg), nickel (Ni), lead (Pb)

and other soluble metal ions from aqueous tobacco extract A method

OF 86¥i6ti¥ély reducing the amount of metal ions, such as cadmitimpforme:o21

an aqueous tobacco extract can comprise contacting the extract with a

metal selective adsorption 10 agent. Properties of metal selective

adsorption agents that are effective atéselectively removing soluble metal

ions from aqueous tobacco extracts have been identified. It has been
Heg Eoetedtiar 48 GRSHERY BOMBTRETSI Gf EHBERVERAS AR SETisteR AP owex™
Offdronied’ refo atrefonratal s frosndhiapudbed fobhecslextivactvarebg TSNAs. In

- conghigves byttheseia] WemoAgigraation RXehaRYsr LIRS BaNitigadsorption agent

caf QDB PLPLIBSINES A 19 Ug‘éé?’? cﬂré:%%é%f%ﬁ 890‘%%%’%@ SIdR

orous or macroretlcu{% rene-divin enzene resins with metal
o G G o B B Ao S R 4 GrpLtpade Qs ks
Plasroshaiered P HE RO 05 POP Gt 1 B B0 eEh Pl Y Eiee sRah§he chemical
copretgiablyf suchdthabidhiesayerage Sauetdiametetds abauwlibudd mmramglie to the

eﬁﬁ&@\{_@kf@@@ﬁﬁcﬁé@éé@ﬁﬁ?@;ﬁ M&@H@M%@QS}H&J&/&% gl%ge%];ﬁ?%n—ionic and
[TIC es avi lameters en mm referab y

R B S SR G TR e
C“%ﬁ%ﬁ??h?éﬂé%ﬁ%’ﬁ'%&%?&@%ﬂf&‘ HeftySs B @”?ﬁ?éﬁ%é‘fee g, TSNA
seigboEtQel 7 weh®! bmohanidve cage peaticle density ot febed t G gieisiB, However,
pr@@@acﬁb@NA@eﬁébﬂ/@@h&o?ﬂﬂSr@é@ﬁﬂg wpigkéractienisseretesaklysatipé A rbily have a

Qf B rMQrQ %YQ}Q Jﬁﬂﬁm t% EPé’rHEtQ reResS o%h@e%@n"f!ﬂﬂ?p%%ﬂ%‘c‘?agems

éf action of about 0,55. Thus, the Partlc e specific void volume is

pref ‘ik}aé%%“tﬂ%‘;égfé?ﬁff&‘aﬁtr%‘faﬁ‘é8%%%”%3%@\)%% TRERAAGE an effecton
adé‘é‘ﬁ%ityf efattRsanatioets. T efremsre srerelbie scapaitatiporidiiasincreases
theadoot i3 beegititAdvegitagansily dheoresin igdutctidipadizedpeititaes decrease the

ad%%ﬂ'}ﬁﬁ@&?&y TE) Kﬂ@é@%@@s&’ﬁ@ §§4ﬁ§'¥%@g§é¥ mmségﬁ@tﬂ% Boncentrated
resin functionalize Q moiety acid.and havin tle

tobacco & ract} n E’on %[le etﬂ? % sratdre, and s os Y can a a sorp%on rates.
capac)i A 1east about L4 moiety IS generéﬁf

s e oo

stzaimprygeropiiitiagen dtomsna ammsletutaragdorratryninear@ychdesdled practitioner

depelapiablecte dmterast matbdheralenaicangbitals: of ngnstatden.WVBeRdRquirements
of P\%ﬂ{é%goafntggpmﬁg{@@g@gy%? B}éc@s%tgﬂﬁ%ﬂy E)Qrf& pgdg% %n capacuty

geo etry of the valence orbitals of a articular met om, Sp eCIfICIt
O TR e BheOR ﬁ‘%\f'%ﬁfnéw P Ao
H‘Qﬁﬁﬁéﬁ%@étﬁf‘ﬁéf@*@ﬂﬁfﬁ%‘%ﬁf@f@ﬁ@ﬁb@ﬁ@?ﬂrﬁ@ FnBiEifEShee BTt i vess generally
adselgtiivg ongtaik Bividirngqroppinties!s Ad gt omad cexdaamples ofathelating., aboul 5.7 to
ab&@@f'%&?ﬁu@ﬁﬂ@%r@f@ llgtriacetic acid (NTA) and ethylenediamine

tetr %(\S%lg 4 &Iegf. \)Iélgl h C (r)]naalnsg Orated Imot%r? %Ctlve%removes TSNA
selectlve al sorp on ag n ma ?/Be a S rene IVIr%ﬁ enzene res

comRpretionAtrrea Wﬂﬁ%"%ﬁ@ﬁuﬁ‘b‘jrﬁfﬁ@t&?s TSN Foglpamlsie iBreaghrairpatent than it
remogtsl dede ctiveadderftiomageit. indlods seenberktetmijoR@erd 8rsferably extracts

Tsmanw aciuad-yBemaaddrsasnkxamplesf lamativasnaial splesvextract.
EXSW\BQFPHQH FILS JDALALR; EH@E[&:%Q'E?H%%%@S‘QX %\ég%s%%%g&%;f [e8INSakaloids,

aving iminodiacetate functional groups are Puro
f@%%%?a%ww%@ﬁmaﬁf&ac:ompany 2nd Dowex(t) IDA-L

mantifaesgree Byhg efipe! @awmém@éﬁr@bﬁﬁmw%ﬁﬁw\émme@ous tobacco
exiactude ¢ helexni?ed which-ighrarkete chéns iorRads maddiewiatibTIERA Zansbunds
us,}rgazgénmmg@%mm YLy PRMEMhR BayRILIIRNG YR ANEN & ample, the

o mra?tlve ﬁg {(1 for th% Se E%trl]veorﬁrp%val of cgrtaln metdalés from agueous o of

I%o%acco e AR SRR SN S U TR B s & & P e ST PR 3 a sampie o
aminophosphonic functlonal groups (-NHCH2P03). An example of such a
resin is Dowexm IPA-1, manufactured by the Dow Chemical Company.
15 One of skill in the art will recognize that the above-identified preferred

~ characteristics of a metal selective adsorption agent and the foregoing
commercial product examples are illustrative and not limiting or
exhaustive. Any adsorbent material possessing a combination of
characteristics illustrated by these examples, Le., a porous material

comprising a metal selective chelating functionality, can be a metal
calaectinie adenrntinn anent within the ccone of the methode deceribead
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WO 2008/090477PCT/1B2008/001021 - 10 - selective adsorption agents

with adsorptivity indices of greater than about 70 are preferred, agents

With IreE 6 about 75 or greater are most preferred. Seteativitposanozi

be described by an index that can be determined by a straightforward test.

Agents that are selective between metals (i.e., metal cations) and organic

compounds are preferred 5 as opposéd to agents that are selective

between various metal ions. Thus selectivity between a metal and an
“”ESP&E%E%ﬁ%*fﬁff‘éirﬁqﬁie%fs&P@B%Eé?ﬁgsﬁ%é@fuﬁ*%ﬁ%d%faﬁ*ﬁ%ﬁP“’C@d”‘"e 7o
messiethrs LRtsBYptioraifRE Torlaranspletal extini(ny selebtvitdhaen Gaplowed
to beniefinegdiforanaciakselestive adserpiion@agenihasdolowssitdeslevetef extract,

su&ﬁ‘%@%ﬁ&u@ﬁ@ @%'QM&%@%Q%&PQW@%%AE%@W'ﬂ?%@;ﬁe%@%@'@f 1 g of

oncentrat ueo S '[Ob cco extract. An a unt O COI‘]% ntrate
adsor%enot lig 0 Fu g %X [ 55_&(’; &%) 5 nlstaéi(t)% {rr[((:\fge d‘ V\% ’EIOIE}] saur%fkés&n ﬁ%agt eag%orbenf

in %E@%ﬁ*&"téh‘fbé?&iﬂ?@%&ﬁf@ @tﬁfﬁﬁéﬂg@dﬁﬂ[ﬁ@fﬁé"ﬁﬁ@éwm%ﬁww plate. The
cogpdrareton. of. TSNS tpabouitOG fatedlit 1ikofetoah4 OR)alith eanstant TSNA
ad%ﬁ@‘@i@ﬂr@@( oft RGO aeRti G RAKIND JWHED KlogrRMPIHEKELHEE RUBDIRS TsNA
com Lﬂ) ?e?(nt”s%a%d?ro%rgéj %?e ];%%crzg}ﬂrap ml)%%se ttl)%aq‘"ltlz%vgsﬁgatq @eoft ggeni ATSNA
utiorium e agent Is separate e concentrate
89%5%88‘3&&?8%@8?{8 i éﬁ%&?&?&%ﬁlﬁﬁﬁf‘aﬂﬂ YHeTEoE Bt *31*3@5‘!&31’6 pyptivity index
gresden founitisusthg dvdeterrineddsvihi@icagrdn rihtad sypibdu s dbiact oreater than
abeutrac-dhernetabse @piidlyinderds defined Kyohepescentags: earatan
in thﬁ deyel I\ny%?&é'l‘#b‘ﬁ?éﬂi&@e@kﬂfe ﬁ%%%ﬁ&?@d@%é%%’sﬁn@&’%%@o%@@&%onows

t43C rcent reduction in

T AN reEiats 2 \feér?a% R S enee e
of W%ﬁ%@f&%ﬂsé@%@@?ﬂ@ﬁy %%fﬁ% | %@M%ﬁ%%@é@tﬁkiﬂ%‘ﬁ&&?@ﬁ) extract
(38L& As cadmnitavadl ectiveo adsotptiape2Qiagent asopedinget e usageent with the
pr&%@&ﬂ@%ﬂs@&ﬁ%ﬁr@é}&& casimidmnsalactivity ndexefgreaier ther Loa8Rd 140°F),

(g‘{% e fer?*@%g%%ater dhan.ahout 20 (e.q. tcgerealtgrl&rqqa 150540, 22 00 0L, 4,

% %\ et forth bel ow, various condltlons Ca(?’] influence thg I'ec |E’/at

the;PRGRINTRIRY ESHERRRG R sty | ?Wﬁrfsieobﬁé@&wwﬂw%gtim‘ of
alizividratiecodeitongitatcardned in fatitsiecoviti v proces tiberof eshagcdhe TSNA
seR¥kagifantReeparatienatsmokingriernals shewdbe Indivishiadyhds in 35 ml

of 9&{@5%@@ é&%@@?ﬁ'&éfé@@o%ﬁ@&% %Sﬁrég]sﬁt hersip.(110° Me{%@g&ﬂt@ ercent

he metal S lective ad entm dsorpt
R T oatts AR CI BN OB AATICTE Br AR fyond e
levabkelrffrRioite mEal *ﬁlé&%&*%ﬂﬁ% ERyeRit anaw%m %'%Wﬂma%m
actndingod tibout FEohorgrpateraalythe €USlectnatyitnddsaff aboutt 2000t 2, preferably
grédieaies 3080:acsRS HRBCS MthDIs disaqwRy sanethed:of melestivelyso, 50, or 60
5jremovmg metals, such as cadmium, nickel, mercury, and lead, from an

aqueous extract of tobacco comprises contacting the aqueous extract with

> miiseete EoldoptisivageRt A dta reRRTRiIcRSaIREN agaifean L492
(o 2B herirdpo heas foroddli ke saistantisihdirag potpmiened siffe divefesrahd selactivity
forMALFRNRSAURASINS BEmihosk dbabhavedees: fosmed agaeR0lINess adrbents.

colFRROSLELARY '&#%?&‘c@n@té%‘."&' R0:SRIG RHEDA DRIVMGLSAREISTBLY 1.

comprises chelatin nctlon oups, such as iminodiacetic acid

i 2 S S008I G0 P BHID 169 L S P o e
of aheth g frEariatind Tarprisels duiitdedmgtine lerpliebod! @xtFé’éle%ﬁ'ff’Pﬁ’nthe TSNA
selimine diduepibacighfunetionaitzes siyceneidivimdhezepat r@sior. greatelfh@d a TSNA
seliRity e adiinity: b SIYERNS: BIVINYIRANZS, COPPYRRELRER Q@éﬂrfﬂon agent may have a

iminodiacetate functional chelating groups for particular divalent cations

can be affected by counterions, the ionic strength of 5 the extract, and the

pH of the liquid extract. Thus, selectivity for Hg2 can be increased in the

presence of nitrate. In the presence of chloride ions Hg2+. can be

removed with a lesser degree of specificity and other ions can be removed

with higher relative affinity. As another example, the relative affinity of

such polymer resins for Hg2+ versus Cd2+ can be greater at about pH 4

while the relative affinity for Cd2+ can be increased at higher pH (such as

10 around pH 9) and where the ionic strength of the agueous extract is

greater (such as in a solution of 1.5 M ionic strength). Thus, the
antriantic aviract mav he adiiniceted for celectivie remov/al of enecifiec enlithle
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As another example, the pH of the aqueous tobacco extracted may be
adjusted to below about pH 7, for example to about pH 5 or about pH 4
prid2e8salmMacting the extract with a chelating resin. The pH caags2008/001021
adjusted by adding acidic or basic compounds including strong or weak
- acids 25 and bases and buffering compounds. However, at very low pH,
such as about pH 2, the resin can fail t0-bind metal ions. Therefore, the
pH during contacting with a chelating resin is referabl¥ above the pKa of
TS eRIURENs G TRt GRAY gFBRipsa Kife AV ERP O e RaRAEY téepifapmabout
10the aqueous tobacco extracted may be adjusted to above about pH 7, for
example to about pH 9 or about pH 12 prior to contacting the extract with

H H lak H £t had 14 In
—achefat -30in-an-elaboration-of-the m{tuou, an-apparatus-can-be

Reiarityedl:for coritastivitythe tob 86“? fPEEESH S!Eﬁf-ﬁ@ LRt Wiesh Size
more separate times with the exttact'a justed (g ih ré{%rgp)fhp seledtive

Gelpepdl 6fBhe|orivitvreThetl iphEBetween eactP contact with chelaf#g®
XRSIA. Selective Removal.pf nitraie,from aque Ugptobacco extract ™| 5 50
35Typically, nitrate is. removedifrom tobacco extracts by crystallization
"~ However, this requires a separate g?&}“gf!processing and attendant
equipment operation and maintenance costs. A WO

SlBRIBHRA T RERIRZABH NNy A7), mgiod;of-selgatively s8dHeMbIe metal
the amount of nitrate frolron 9510%%&%%% St%z%ggg extiact comprising

contacting the extract W|tl£|7 a nitrate selective adsorption agent can be

perférﬁ%%tg%ﬂﬁéﬁ'teﬁ%%fﬁﬂaﬂ%.t%?fﬂ%‘f%‘éf MBI EafH bR FefrorRigy: from an
aqg@p&r&@y@r drtrechsbingriopriodthriiecteddbtexireshviblcofeise sHiasiyreadsorplion
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sol§§@|ﬁ@%%ﬁg§%@%&g%§§é&f é%%%d-@ M@&G&é{lﬁ(@a%@%pHﬁégp@&p&smvamd that

extracts hav .b?enl eﬂtlfled. Preferr ,d,nigat% selectiv? ?dSOQPtIOH
a sur ns%ng] COmMQInaiion ot € ?C‘UVB%’IGLS& and s[t)aec: IVIR/ or the remoyal of metal ions from an
agffen sinclude anionic styrene-divinyl'benzene Copolymer or _ .
B0ERGYRBRGTIPERENS 2ECH HErdr hacrs iR r FeSiRlipyererapdy resins havinga
cofunctionalizechbyies strarigvsase or a weak base moiety. A preferred nitrate
selestiie-ad st pRIAGENE SRPFOB BF RIS FHMY AL JHMSINARY! BENIRADGsins with

eI ATMONI Rconal AtauRR LORIRIRLES SRAPIGEPLALER anou

havin prerer propertles O a nltrate selective adsorption agent INCIUC )
TR i BtFdh %ﬁﬂféﬁ@?‘ﬁd%ﬁ@ﬁ?’%ﬁ@ﬁ%ﬁﬁ"ﬁ%‘?dsame‘”d'amete" s
ab T DEWEREHY MIDenarrifactisreed b trerDow ICHeai CANCO MoEaeidhe particles
haang dRehneandiiaasoAsmberbie(ont) R AS51, FPA53 and FPA9OCII. It

Sho‘ﬂ:@i@%ilﬁ_ _,t%% ﬁ@%k Wél@é@) %%é@o?@é&ﬁ?@o&fﬁgﬁ%tﬁ%%ﬁpﬁ %?.B‘,!t?.%%/cms in

e exempliried materials. g£rererr P ertes or a nitra eleclve
N 06 A e 6 AetoTARIIGH G Arndln of (s ond n average
PargRlerApnaly Fiffatet Seiedtive adsABR-&henrte . FUMRmIre 4 s proferably
abggleftiver.ati§drpiiba adenti¢imdienmiaaiofactbfed o ohiprsing feditieesithatction of
aba/@ryffa?%mﬁe@g@@g@@m%mg@%@m%méﬁ.@@&h@@dﬁ_@f@mesms
| Al selegt 0) € r r I,

e e R Tt o
L '35@%ngi‘?tﬁﬂ‘ﬁ%‘FF'éfo%ﬁ%'&é%”ﬁ?ﬂiﬂ?&%‘ffgﬂlg‘té&r&‘ﬁf“@ﬁ SRR PR metal
selpstitg pdtvRtiveakaseduestdwaignetrehaib a duiidtidemsiigtoaboudiheéng an
ex@/Hm8 caphtitk sensibsefabout @32 g/cm3, and a particle density of about

0.47,Qlem3n 5 Wk feSinsan PLelprabhenave AN Y IRFuon 0l aROWlal binding

0.70, with a bulk void fraction of about O.Sﬁﬂaﬁd agartlcle void fraction of,
oSotit 0.58 2 R P el 8 GO AL BSr& VollRE &t STON 8 e S £ gness adartable to
intgspetai BURE B misoURIE!s 8ferfiBlg! iThe/\pihitre Rsivéors sidnerapigl singlogoms most
nedhatdshesPauter iaverage dianteteniear:bevidiout HDp3dicniar witieathe ipmberty and

average diameter can be about 0.29 mm. A preferred nitrate selective

adsorption agent, exemplified by Rohm and Haas Amberlite TM FPA53,

which comprises an acrylic-divinyl benzene gel with a weak base

functionality can have a solid density of about 1.15 g/cm3, a bulk density

of about 0.63 g/cm3, and a particle density of about 30 0.97 g/cm3. Such

a resin can preferably have a void fraction of about 0.45, with a bulk void

fraction of about 0.35 and a particle void fraction of about 0.16. The

. particle specific pore volume of such a resin can preferably be about 0.16
rm22A/a The narticle ci7ze iec nrafarahhv cirich that the <aritar avverane
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- 13 - quaternary ammonium functionality can have a solid density of
about 1.26 g/cm3, a bulk density of about 0.46 g/cm3, and a patrticle
densipEPEBout 0.60 g/icm3. Such a resin can preferably have@ivigihos/oo 1021
fraction of about 0.63, with a bulk void fraction of about 0.23 and a particle
void fraction of about 0.53. The patrticle specific pore volume of such a
resin can preferably be about 0.88 cm3/g. 5 The particle size is preferably
= uch thP at the Sauter aver Gge diameter can be about 0.42 mm while the
ABNEe P atRIRGE Aty L 5 A8 B 56 mne e K plesdpRithnitpgryse of s
selsfberiela dsoiptiprnagent Akéingfireniepolvbsiaimy Marddsomine Altdiotriacstic
acgoiMprises! alsfigrenendivinyl-beszeneiresindnasraretictiratedresinwithrésin, The
mvgalibage eriaprAning funstianality.can fay 39 BHRUA ARGV AERARIMEA with a
che!]t /cm a bulk density of about 0.42 g/cm3, and a 10 particle density
1 g/cm3. Such a resin can preferably have a void fraction of
abomﬁ‘t%@“%ﬁﬁf 3 BEiRGoim Tl crsTbrassririrg 2 eabithdrade i ™ IRC-748,
miraibtidurof atitnln048 Hihe pastigiespaditio porevallmedivsudhaptiesingents that
ar€anaprafetakisheabaubi. 5&&@&3/%%&@@@Iﬁﬂg@a&m@fmﬁ&w@ug%ups are

P&%ﬁ{em%%%‘t%%}ﬁ%cﬂ%d%?%%tﬁﬁr%ﬂ{% ES a%y g%m,@xww%th DS e by

average d|ameter can be about O eferred nitrate se ectlve
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ad so tion agent, exemplified by Dowex(tm hich comprlses
o e DRI %Eﬁ?éﬁ%ﬁ%éﬁmaﬁ?g%?aﬁéﬁf&f%%‘gﬁmﬁ?& ie&Raihsgis desoribed
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dengityrababostitilcldigioms, aybulledessityatabounhGdsgiem3fantaly removes
soRBiclaAens 1t 0f ARAM Q6L /6%, BHC AHES KL G AN, @L%@%W&ﬁamm

void fr tlon of about 0.62 Wlthaa buI v0|q(fract|on of a out ﬁecn

T
° heé?t‘?@ b e oF SROER Y “FRE particle sped %SBBer‘é vOIGHe 8
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detP rafeLahly %ﬁéﬁe%%ﬁl%%g\/% @8\?94%%%%8&%4‘@% %o él%ac *&é‘%'%ca ac'%’gmzed

for nitrate adsor tion, for exam le load |n reatert an a
AP e ARERR R0 £ BT ﬂ%%ﬁ%@%f&gﬁwa?é%f%mw b
at 2SO B8R é Ginedniniiolraieatpelieparrcatderbentirambentrite to about
sot@angabolt Gl (i 24001 2 mmpléad) ritsate xdtaotart: are aprblefiions of
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urs,.more refera about 4 hours, m referab

D Fot b a6 S0U OO B IO ITH A Td 1 Fesigd and
““Wﬁ%%@?é&ﬁ\?@@%Sijpféhca@‘@ﬂ%%eﬁh@%%i@t&’ﬁya@&’ﬁf%%?ﬂé&w?e defined
by tefingvesmeitrategonipedinids frowl @tobvadtoextactfandxemovesdquigatetobacco
ext%?:mﬂpﬂ@@%@eﬂt Qf@@‘f@r (erent ian bEemaves othel SUMRAUNESefF & use in the
presem%bgsmt ?pt% era %/ \égeagnsggi UOB%V% 1enrc]jte r?feea ab exﬁaac{ %Cp Itgasubﬁe metal

a greater extent than other organic c onen presen In"aqueous

tobacco extract. SExemplary compounds against which selectivity in

tobacco extract can be measured are alkaloids, reducing sugars, and

soluble ammonia. A measure of the effectiveness of an agent at

removing nitrate from aqueous tobacco extract can by determined by a

straightforward measurement of the reduction of nitrate compounds using

a standardized amount of adsorbent under standardized conditions. For

example, the concentration 10 of nitrate compounds and other

compounds can be determined in a sample of untreated concentrated
antiantice tnhaceco eaviract ricind anv recoanizad Ariantitativive nrocediirae A

Vfaness of a
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The level of total nitrate compounds and the level of alkaloid compounds
is determined in a sample of concentrated aqueous tobacco extract. An
antbiieb8t&dhcentrated aqueous tobacco extract (35 ml) is carftadRItOR/th 021
an amount of the agent (3 g) at a temperature that is usually maintained
during the processing of such extract, for example, about 43C (about
110F), with constant agitation. The 300mixture is allowed to come to
equilibrium. The agent is separated from the concentrated a ueous
Siie a5 eMIsRe %eﬂ&‘ HE st Wrt%‘t“éeéorfr%ﬁﬁd@%h tHe’ e?)’&%’?fe”’ecj agents
W’%IR@I@“F@ @f)?ﬁﬁ'&i’ﬁd?g geatermined ags9A-the concentrated aqueous
tobasciaceyiacin Thegaencentage: retluctiatcim thedewehiabalhyntrataghiforward test.

Ageﬁ@{%%t@%é%&tm%%@x rmf‘e@%r@%nH&gt&ﬂﬁﬂs‘ﬁ@é@é@mmﬁﬁzéﬁhdS are preferred
asigstation. an ?sg{ﬁagt aLl dtt’v% 5 CO“?%GQ%% gifitate b Ies %e?we@n a
(e Cdrcantration & Easl 68/e JL SR rate seleéth y m&e&
meiabafdy %ﬁa?t’gf@‘CAﬁPf“ﬁEt@@e‘Pééﬁ%%‘d%Vﬁﬁbﬁ QeI ARt te Waty! selective
ad2008/0904 77 FOTRE1320068{0010F 1 sekbtivithédmage hersiinprdferabplstdiaslective
addonitiaieseleclivindndexpbatienst 3Bnand preferablygreatenthanahgsinds is

deéwm‘?ég ;RVS‘?J%BI&/ g ‘8&’&%&?&8@5’&}&&3 t@BQCE%Oe%BE?f‘?(ﬁ‘%%c?tﬁwteoatscomentrated

about 45 or greater, dvantageously, he nitrate selective adsorptio
dgeit ?Rafy}cﬂ%%aﬁtFﬁﬁﬁt’é‘%&%ﬁ?ﬁt‘?ﬁt&‘?%ﬂé%ﬁ“&f YASE Si)f%ﬂtﬁ“?@ram that
Is pfitrard e lsttivinPivdess bl af feabrabotit 8o Fapekample, abruhdiztdabout 110°F to
14658 ective aetaoHitatoagentsmayhayendatiaiie adsorpbeiyondexdot @bubbies into

thé%%’a@@@%@%&%@c%ﬁbtraﬁé%%%'% '&%%@ft@tclﬁﬁétt@'é%kér%nf’fﬂ*ﬁé@@ent is
!é%‘?r%n‘%f gontacting a selective adsorption agent with ¢ % nirated, {pelevel of
SEatyabacco ex ract € aqueocbs Sxtract Can be contac?ea e adsorp f6n
a‘@@%@Wﬁé@@@%&%ﬁ’é&t”%“EHP@[?@H%BYW?@@Pé@ﬁt’%@éﬁ%‘?%ﬁ?&ﬂea hmetal
selojieisdldsch dgizedyiindricatcehiage, ieduct@plurdigyethesselsiium in 35 ml of
cobemnesieddnparalishvith-thedatien mngementbeing prefedreshd Baine percent

red?fc?cfc?rﬂﬁgft%%"t‘élg%@% m@&é‘ﬁ&?tatx"é)g&‘?t' M&&QQ&%& 8\%1'&895%“% 3{)%% andthe

- I e at any time with an apprOX|mate VA equa numper o1 COolu S
oG AT P S 50 BT BB il < ST SEIVE A corton
agASRCF e iamirpleaeeeter bam Tseepdeseradtolighsal it ingax of greater than 15
animibediagetiohlh-acidifiunctionatiz edostyrener dixirgdbaz anssresinming As st forth
beBW rmﬁf%@m%&%ﬁm Y] @H@Ji@)sf%tp %@Q SHUWB&'{QQ these factors, it

e the of met e extr ontactin
R S S S R R R T AR AR I PR o
toﬁﬁ@‘bé&”@f‘té@‘ ﬁhﬁe‘algatﬁttﬁe f&”o‘fﬂtﬂﬁ“@itﬁwer%&t@ssfﬁtltﬁs‘éelﬁﬂ%dw grmined in
apdigisgribeticde iEEscribay fres@idjusted to control the contact time according to

the hindingdanalics-Srriarabbsiafianorpteisgatiacsording tathedai®ity index of
abg&%‘ét%’?éé%épéﬂg'Q%@Eéi&%.@%?ﬂhékt‘gftQﬁoﬁP% ‘é?'@t%h‘%e?f the Q%%ﬁ& et

®OX|mate one void volume’is passed through the agent in a tim

s G AR AEERLTERh BRIAE C B A TRB A 2P g etr and o O3

selegfibitrgted abpielotetsataio extract, it can be surprisingly difficult to
performcthedenndaeting siepbypassingethesextrats duaugbhaaadunmst-of, such as

ca@fRRS m#&l{é YRSy FRLeXaMRIG. &%a&‘@&9&&9@0@&‘!@@&&%&%@\59@@%3@8&1ng the

a urcle{%sc,: Ox mortlm% adrﬁgteﬁtelgigc? ee rg sor rOdurct:t? A 5 P é?t%re S r% N agent can be
dovernnerms Sy SE) pumps or res s if Shannéfir ng g throu ?ﬁ 8 aosor%?n
a TAETRR DS %”W@W&%ﬁ’ﬁb{é@ﬂ?ﬁé‘uﬁi?@fﬁﬁ ﬁl‘?éfﬁa‘tr\(?és resins are those
thaahawegementindhe epotactingusidsi\ioseonasliitham beenlidetemmisachthatlymer
prASAGRDARAYENGRIBTIDe AR RN Fate BRORGHIRR RE SR aEHVRBES ORISR erred
agents, it can be possible to utilize a greater portion of the adsorption
capacity of an agent by use of a preferred method as described below.
30Accordingly, aqueous tobacco extract can be contacted with one or
more selective adsorption agents in one or more batch process steps in
which extract and agent(s) are contacted in a vessel such that the agent
does not.form a bed during the contacting step. For example, agent and
extract can be contacted in a vessel and subjected to stirring or agitation
sufficient to keep the agent suspended but preferably not so vigorous as
to cause foaming. Agent(s) and extract can be 35separated thereafter by

any appropriate method such as filtration or decanting the extract after
allowina the anent to ceattle |ettlinA of the anent can he acrcelearated hy
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5 portion of the vessel such that the flow rate of the agent achieves plug

flow through the extract and is collected from at or near the top of the

VESsHIEAY Extract is collected from at or near the bottom of thecuasses/oo1621

Alternatively, agueous tobacco extract can be introduced to a lower

portion of a vessel while a selective adsorption agent can be introduced in

an upper portion of the vessel and the upflow rate of the aqueous tobacco
e}eg(nt]r an beetgn talneﬁ such that the selective adsorption 10 agent

sps éOWrP]WE?I‘dl THPSUIGH RERE R FRe L g R RsEedR Bkeebiile padminodiacstic

aﬁ%ﬂﬁ”ﬁﬁ@%ﬁ%@rﬁ%@?ﬁ&ﬁ”@ﬁ‘ﬁ%%ﬁlwhlle extract is collected from the top

portidiofthi v elsil, of styriheaivibgladvaniagenusdecombinaimarethagunctonal

GWIWB@@@%QT&HW @&@ﬁt@é&%@&%@%@&e\é@aﬁ% FRHAG, 108 ionic strength of

th%@(%@? aHZFt COE Cﬁ'ﬁ% ‘?te d e{? a”Ee“? t%éi%e;ﬁgtgfg) rgmsgéré)rﬁnejﬁ%%%g in the

tobacco extract he COI”I acting ste O ame
PR EW?ct“i'?@a?ﬁ%c%i‘?ﬁEma‘i%aWEarﬁé@ RSUETHIRIHH desser degres of
spgeliohAishrteusingeitherecokimionbaictepiseessiFhus, a method of
selectivelyredueing iBelalsiand JRMNAS I0AHAGMEOUSHRRAGES SURAC CAN A be
geaapga%%aj %P4qtuaent%0ttrt9;\t9%rﬁ%ﬁtfaf8 Wigh a.m éan'aa%%ecé"e ﬁ‘dESJ B& Duch as
K gmp ﬁgdand NA se ectlvegidsthfttlon ag ent. e ratio 0
B AP proXiTAtBR B G ai0ate e TE" A HerIYRR S PTERI Srakve waﬁ@*uﬁon of

1. ﬁt@ﬁ&[’%@%‘tﬁ)‘é agent For example, a preferred combination of TSNA 20
seledtive, dgemumadssoludlermetal splertivieageirtis amapppdmaatel¥okible metal

toﬁ@|2§M§u§)ﬁ§lfﬂe%%?h@ft@%&&%t@&r%%ﬁg%m RP&EH‘@J%% §R8Sonic, strength or
prg?% 4§1= or com %rn (l;})ijeE a%e ts hawrk%grefgrr% f!;'] S|cal characteristics

ese resins. Aternatively: in an el tion- o TSNS d P Pafiaogmplished
QR LA e RH G5 8 BRI FORE T BITITE e P RTRBTNSY I sE s Dteps (e,
cotteragénts dihienrativsvelef dlstoeberadiaritageoasly chesern: te:maiteh ithecordance

witeladivestapasity.af AB-RgeMtdihagiven. pariedwiil the rplativength of an extract can
bgéaaeee@nt HQH&%&%F{“&P%L&Q@%@ a%'%&'vfe'g ta,extnaa{edt:b{d%‘%g% e, steps

SO e a vanta eous to simultaneous y use a plura

LB G b BRSPS il 3Bt PRgmen before endor

, afﬁf@c‘é‘@&ﬁ‘@j@r‘é‘ﬁﬁt‘?m‘iﬁﬁ?aﬂé’ﬁ@l sl of waeirreoystenhiecasraldsiioechelating

fuadivasitageot!s to maintain a number of out-of-service vessels,

appmma@yag%léqﬁ@%ma%%aaeseaa&%ﬁta&gm dt; 5%%%*1%@8%@;%

d fied | t it
ab ?Qﬁ 73% ! I?a § 8%“5'%“ rc))las[t X? ﬁ%rgrggp %aﬁ Oga%teigeggge% rgéz?p%\flﬂ%?ﬁqelatmg

concentrate a ueous tobacco'e
re%lJr‘n%pétFﬁHBEﬁ?é‘tﬁ‘?ﬂ W@%ﬁﬁ@ﬂﬁ@%ﬁ?ﬂ?@ﬁ@éﬂ%d@awmwwk acids
angéserpred bsingrarapparatssthatrasbeesyladapteddoeshedqumpbzehdiesin can
fa:d@ﬁ&fdhﬁékzﬁﬁabW&eﬁ&é%é@%%%@ﬁ%ﬂ!@ﬂ%@& k¥ s preferably above

th&%@ﬂﬁ@é‘é&95‘;‘?&1&%&‘?{&1}@%&9&%Sp‘?.XtA%Fn? rt\beF n Prs%icrﬁl et%d 9{)01%%% aqUEOUS

toRﬂ?ths Wt%%n the aéﬁ}‘ri tion agent is in the form o Fresin
O S0BETOBH Y TP S BRI S A 1/ SoTBlEIAGRASREI Ittt pH 12
Prigs FACBRAEBIIATE Tt 7514b aehelfiagesits to maximize the duration of the
in-sémdceiperiotbobétiiesiethendcotpam.Hewar el -anedBaetetding the tobacco
emwmawg%awmg)mﬁa@ m&%@%@@%ﬂﬂé&aﬁgs&au%é%; crease the

sofedeney ol concentraled lobgeeg exiract foform a gelin a e bea
‘Fl?ns results in a rapid merease i he preasarearsE el hgsi-
column thus shortening the workable in-service period of a column. To

increase the digfativr Gemsservicdrperiathefadasincbeads eeltsein and to

Oveqr%@m@l)thﬁts’@[@h@%WM&&&%@%@WS%@%&W QE%\/er this requires
e usual aresinb
a s@% 4 &%EE%%[[% cess ngnd rI iéfg %pdes g g‘masn@an rﬂﬁf‘?ocfﬂ@ts A

made mns f contactlng or resins co
have relative dimensions of about 5: 1 Iength.dlameter, or greater, where
the length is understood as the distance between the 10 inlet and the
outlet and the width is the average dimension in an orthogonal direction.
Flowing concentrated tobacco extract through columns of such relatively
long dimensions can result in greater gelation of the extract and a
shortening of the in-service period of a column. When applied in the
present methods, this effect can be reduced by using a column with

dimensions of less than about 2:1 length:diameter, such as about 1:1 or
nrafarablyvs ahoiit 0O A 10 O 7651 lenath'diametar In 18 nractice the cecale
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An apparatus adapted to the methods described herein can comprise one

or more selective agent contacting vessels. In a preferred arrangement, a
CHAtHEENRY0STEp is conducted in a selective agent contacting vBEEEBAGRE01021
agent in another vessel is being regenerated. Vessels or pairs of vessels
can be connected in parallel. For example, a portion of a tobacco extract
processing 35apparatus adapted to péEforming a method described above
may comprise four selective a b%em

M bEIET B P ER9 eIt ”‘?[%te N ARG VRS SRR RREHS I sin
copacéliel ehersasitwdhvessiiaiareeiprdenidecat iptimesahddn ffonpeegefs without
criiglagent isupeinchregenetatecthbydinwing solvent such s siedn thtobghelective
rerASaYEPS8k or HYVRIgNETIoUSIMETRodS Gd deviaas: h@f@f&?&f‘p‘#&%ﬂ@ﬁ& nitrate

etail with reference t
s ecﬁve a(! or%?lon ents % 9 e)%g. mB legs%%% chggg%ga@bﬁg%’lam gnhtasv}; ergﬂolde;[wttf ad.
ren 0 one SsKi ed that various 5 changes can

ma er@f%'i@%qﬁr@%e?ﬁ@%’ﬁ?p&iﬂ?@ﬁ’“ﬁﬂtﬁ@ﬁ‘ﬁ%éﬁﬁfﬁﬁgaf?k?ﬁﬂotﬁéy@%ﬁ%"ﬁf" benzene
convhatssad esctibatihe emeTib esfofotvinysadditionat exanmés defprolddelfed by a
st iHHﬁr@iQWé&tbﬁsErme% deseribedihasainanshruigibebest can comprise
ter&g'gStri%g 3R %t&eq@ Qgﬁaﬁn%‘?\&%'?ﬁ&%ﬁ?g% herein in any

S Examp el Identi TSNA and etal selective

adsﬁfﬁfﬁéﬁ%aé%%‘%afﬁﬂm| B Ity 8‘"’? (Rt for NS SHstioNotdsorption
agedinstituEnBporeBntlermizelf tdhtcéoloradt: WsrabzdbérradtipbBimsc ™ M4ad
manormulreads NamevAetvateCAduiritien GramdanAlegaRDnBetlvatetPAS 1, FPAS3

angam@ﬁ&.rarp%%ﬁig:%@9&@9'?1%*{Hﬁrﬁgt-é\é@ﬁ@@@d’m&igﬁggénts are not limited o the
axempiified malerials. Preferred properties' of a nifrate ssleclive adsorption agent can be
determined by examination of these exemplary nitrate selective adsorption agents. Furthermore, a
nitrate selective adsorption agent can be manufactured comprising features that vary from the
foregoing examples, so long as the agent has the adsorption and selectivity of a nitrate selective
adsorption agent.

A preferred nitrate selective adsorption agent, exemplified by Rohm and Haas Amberlite™
FPAS1, which comprises a macroreticulated styrene-diviny! benzene resin with a weak base
functionality can have a solid density of about 1.06 glem?®, a bulk density of about 0.32 glem?®, and a
particle density of about 0.47 g/om®. Such a resin can preferably have a void fraction of about 0.70,
with a bulk void fraction of about §.31 and a particle void fraction of about 0.58. The particle specific
pore volume of such a resin can preferably be about1.18 om®lg. The particle size is preferably such
that the Sauter average diameter can be about 0.34 mm while the number average diameter can be
about 0.28 mm.

A preferred nitrate selective adsorption agent, exemplified by Rohm and Haas Amberlite™
FPAS3, which comprises an acrylic-diviny! benzene gel with a weak base functionality can have a
solic density of about 1.15 giom®, a bulk density of about 0.63 g/om®, and a particle density of about
0.97 g/fem®. Such a resin can preferably have a void fraction of about 0.45, with a bulk void fraction
of about 0,35 and a particle void fraction of about 0.16. The particle specific pore velums of such a
resin can preferably be about 0.16 cm®/g. The particle size is preferably such that the Sauter
average diameter can be about 0.4 mm while the number average diameter can be about 0.45
mm.

A preferred nitrate selective adsorption agent, exemplified by Rohm and Haas Amberlite ™

FPASOC!, which comprises styrene-divinyl benzene resin macroreticulated resin with a sirong base
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Norit RO 0.8 Silica Gel Granular Davison 408 Y-type Zeolite Pellet UOP
Hysiv-1000 ZSM Zeolite Pellet UOP Hysiv-3000 Polymeric Resin (Anionic)
Bead'ReMKmberlite(tm) IRA-400CL Polymeric Resin (ChelativityyBesad/o01621
R&H Amberlite(tm) IRC-748 Acrylic Resin Bead R&H Amberlite(tm)

XAD-7 Styrene- DVB Resin Bead Dowex(tm) Optipore(tm) L 493

Vials of concentrated tobacco extraeti85 nil) with 0, 0.03, 0.1, 0.3,and 1 g
of each adsorbent material were allowed to equilibrate for 24 hours at 60C

QUEHSEY RSP YE A IR L PRE B S FRASBYA 2PRY dSRETrafidhofiensity of
abIANBIANACT) NI 2 ardi NN SO miprsing @tal TSNAAs 26veticagreferably have a
voidlikadeidssreshiging=sugars mseluble ammebiaatNit AS33ad GhandRRwasction of

ab&ﬁ@@i%g ‘particle specific pore volume of such a resin can preferably be about 0.88 em¥g.
The particle size is preférably such that the Sauter average diameter can be about 0.42 mim while
the number average diameter can be about 0.36 mm.

A preferred nitrate seleclive adsorplion agent, exemplified by Dowex™ Marathon WBA-2,
comprises a styrene-divinyl benzene resin macroreticulated resin with a weak hase terfiary amine
functionality can have & solid density of about 1.4 glem?, a bulk density of about 0.42 g/emy®, and a
particle density of about 0.61 gfem®. Such a resin can preferably have a void fraction of about 0.63,
with a bulk void fraction of about (.32 and a particle void fraction of about 0.45. The particle specific
pore volume of such a resin can preferably be about 0.73 cm¥g. The particle size is preferably such
that the Sauter average diameter can be about .53 mm whila the number average diameter canbe
about 0.50 mm.

A praferred nitrate selective adsorption agent, exemplified by Dowex™ Marathon™ A,
comprises a styrene-divinyl benzene resin macroreticulated resin with 2 strong base quaternary
amine functionality can have a solid density of about 1.26 ¢/em?®, 2 bulk density of about 0.65 g/en’,
and a particle density of about 0.96 g/cm®. Such a resin can preferably have a void fraction of about
0.48, with a hulk void fraction of about 0.32 and a particie void fraction of about 0.24, The parlicle
specific pere volume of such a resin can preferably be about 0.25 cm*lg. The particle size is
preferably sueh that the Sauter average diameter can be about 0.35 mm while the number average
diameter can be about 0.33 mm.

A preferred nitrate selective adsorption agent, exemplified by Dowex™ M43, which
comprises styrene-divinyl henzene resin macroreticulated resin with a weak base funciionallty of
greater than about 1.55 eg/liter can have a solid density of about 1,13 g/em?®, a bulk density of about
0.43 g/om®, and a particle density of about 0.61 g/lcm®. Such a resin can preferably have a void
fraction of about 0.62, with a bulk void fraction of about 0.30 and a particle void fraction of about
0.46. The particle specific pore volume of such a resin can preferably be about 0.75 cm®/g. The
parficle size is preferably such that the Sauter average diameter can be about 0.52 mm while the
number average diameter can be about 0.46 mm.

Preferably, nitrate selective adsorption agents have a substantiaj capacity for nitrate
adsorption, for example loading greater than about 0.35 mmol, preferably greater than about 0.37
mmol, more preferably greater than about 0.38 mmol or 0.42 mmol nitrate psr gram adsorbent inan
exiract having about 0.6 % (ie., 0.12 mmoliml) nitrate exiract and are capabls of coming to
equilibrium in contact with tobacco extract in less than about 8 hours, more preferably less than

about 4 hours, and most preferably in about 2 hours or jess.
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Adsorption effectiveness of the adsorbent materials for TSNA compounds

is shown in TABLE 2. Dowex(tm) Optipore(tm) L493 was most effective in

SEfeétivtyirémoving total TSNA from the concentrated tobaccCesirzes/ 661021

Water may be displaced from adsorption agents when other compounds

are adsorbed. No attempt to account for this possible effect has been

made for the 25purposes of the comparative measurements reported

herein. WO 20081090477PCT/1132008/001021 - 19 - Material % ,

Red{icHEHEPSRANS SREARAR RORES R ASIGNRE PRIRAS™T Bl SFSRiXCX ieataigs nitrate
coigors CPG 4 PEE02E9:184 BE. 0 YYe4 BB 6or QNG (o a greater extent than it

removes other compounds. For example, a nifrate selective adsorption agent oreferably exiracts
nitrate to a greater extent than other organic components present in agqueous iobacco extract.
Exemplary compourids against which selectivity in tobacco extract can be measured are alkaloids,
reducing sugars, and soluble ammonia.

A measure of the effecliveness of an agent at removing nitrate from aqueous tobacco axtract
can by determined by a straightforward measurement ot the reduction of nitrate compounds using a
standardized amount of adsorbent under standardized conditions. For example, the concentration
of nitrate compounds and other compounds can be determined in a sample of untreated
concenirated agueous tobacco extract using any recognized quantitative procedure. A sample (35
mi) of concentrated extract, such as having a density of about 1.28 g/ml, fs allowed to come to
equilibrium at s temperature that is consistent with the processing of tobhacco extract, such as about
43°C to about 60°C (about 110°F to about 140°F), in the presence of 3 g of adsorbeni material
under conditions of constant stirring or agitation sufficient o keep the adsorbent in suspension such
as by placing the extract and adsorbent material in a vial on a rotary plate. The concentration of
total nitrate compounds is compared for treated and unireated exiract. An adsorptivity indexon a
scale of 0 {o 100 can be defined by taking the percentage of total nitrate compounds removed from
35 ml of concentrated aqueous tobacco extract by 3 g of ageni at 43°C (110°F). A nitrate selective
adsorption agent for use in the present mathods will preferably have an adsorptivity index at least
about 12 or 16 and preferably greatfer than about 23. The nitrate selective adsorption agent may

have a nitrate adsorptivity index of about 37. Nitraie selective adsorplion agents with adsorplivity

indices of greater than about 37 are more preferred, and agenis with indices of greater than about

44 or 51 or greater are most preferred.

A selectivity index for nitrate selective agents can be defined using a procedure as follows.
The level of total nitrale compounds and the level of alkaloid compounds is determined in a sample
of concentrated aqueous tohacco extract. Anamount of concentrated aqueous tobacco extract (35
mi) is contacted with an amount of the agent (3 g) at a temperature that is usually maintained during
the processing of such extract, for example, about 43°C {about 110°F), with constaniagitation. The
mixture is allowed to come to squilibrium. The agent is separated from the concenirated aqueous
iobacco extract, and the level of nitrate compounds and the ievel of alkaloid compdunds is
determined again in the concentrated aqueous tobacco exiract. The percentage reduction in the
lavel of all nitrate compounds is divided by the percent reduction in alkaloids. As an fllustration, an
agent that reduces the concentration of niteate by 42% and the concentration of alkaloids by 4.1%

has a nitrate selectivity index of greater than 10. A nitrate selective adsorption agent according fo
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Dow Optipore L493 93.21 93.71 90.37 81.14 86.41 8.55 10.1 Norit RO 0.8
71.87 76.85 83.55 59.71 69.12 13.68 5.1 Rohm & Haas XAD7 69.00
B800AU58144739.15 50.60 3.31 15.3 UOP HISIV 1000 PCT/EB2008/001021

-15-

the usage herein preferably has a nifrate selectivity index of at least 3.8, and preferably greater than
about 4, more preferably greater than abaut 12 and most preferably at feast about 45 or greater,

Advantageously, he nitrate selective adsorption agent may have a nitrate adsorplivity index
of at least ebout 12 and a nitrate selectivity index of at lzast about 4. For exampie, the nitrate
selective adsorption agent may have a nitrale adsomptivity index of at least about 50 and a nifrate
selectivity index of at least about 12.

Preferred methods of contacting a selective adsorption agent with concenirated fobacco extract

The aqueous exiract can be contacted with the adsorption agent by passing the extract
through polymer resin beads condained in a vessel, such as a cylindiical column, orin a plurality of
vessels connecied in parallel with the lalter arrangement being preferred. In a preferred
arrangement,' at least two columns connected in paraliel are on-ine at any fime with an
approximately equal number of columns being off-line for regeneration, for example by hot water,
steam and/or solvent wash. For example, exiract can be passed through a bed of an imincdiacetic
acid functionalized styrene-divinytbezene resin in a plurality of columns connected in parallel for a
period sufficient to substantially reduce the amount of metal ions in the extract. The coniacting
period is adjustable by controlling the flow-rate of the extract and depih of the bed of resin beads in
the column. Flow rates for use in the methods described herein may be adjusted to control the
contact tme according to the binding kinetics. Preferably, a flow raie is set according to the rate
constant of binding for the agent and the void volume of the bed, so that approximately one void
volume is passed through the agent in a time equivalent fc the rate consiant. |

Where the tobacco extract is a concenirated agueous fobacco extract, it can be surprisingly
difficuit fo perform the contacting step by passing the extract through a column of adsorption agenis.

For example, gelation of the agueous fobacco extractin a column of adsorption agent can produce
a pressure drop that overwhelms system pumps or resulis in channeling through the adsorpticn
agent bed. “Thus, it can be advantageous to uiilize an alternative arrangement in the contacting
step. Moreover, if has been determined that as a consequence of the adsorption rate properties of
seleciive adsorpiion agents, it can be possible to ulilize a greater portion of the adscorption capacity
of an agent by uss of a preferred method as described below.

Accordingly, agueous tobacco exiract can be contacted with one or more selective
acfsorption agents in one or more batch process steps in which extract and agent{s} are corntacied in
a vessel such that the agent does not form a bed during the contacting step. For example, agent
and exiract can be contacted in a vessel and subjected tfo stirring or agitation sufficient to keep the
agent suspended but preferably not so vigorous as to cause foaming. Agent(s) and extract can be
separated thereafter by any appropriate method such as filtration or decanting the extract after
allowing the agent o seitle. Setiling of the agent can be accelerated by centrifugation.
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72.62 72.13 41.16 40.44 48.96 14.05 3.5 TABLE 2 Adsorption
capability and selectivity of materials for soluble metals is shown in
THBHESS*RIGhm and Haas IRC-748 was most effective and sélebtinetig/oci21
removing total Cd from the 5concentrated tobacco extract. Material %
Reduction Cd Selectivity As Cd Pb Alkaloids Reducing. Sugars Dow
Optipore 493 11.73 7.99 77.52 8.55 - 16 -

Alternatively, a counter-current arrangement can be utilized in the contacting step. In such
an arrangement, agueous iobacco extract and selective adsorption agent are introduced from
opposing porfions of a vessel. Forsxample, agueous fobacco exiract can be infroduced to an upper
portion of a vessel while selective adsorption agent can be continuously introduced in a lower
portion of the vessel such that the flow rate of the agent achieves plug flow through the extract and
is collected from ai or near the top of the vessel and exiractis collected from at or near the botiom of
the vessel. Allernatively, aqueous tobacco extract can be introduced to a lower porfion of a vessel
while a selective adsorption agent can be introduced in an upper portion of the vesset and the
upftow rate of the aqueous tobacco extract can be maintained such that the seleclive adsorption
agen! passes downwardly through the extract so that agent can be collected from the hottom portion
of the vessel while extract is collected from the top portion of the vessal,

it can be advantageous 1o combine mofe than one selective adsorption agent into a
contacting vessel so that, for example, the contacting step of a methad to remove TSNAs from
agueous tobaceo extract and the contacting step of a method to remove metal jons from the extract
can be simultaneously carried out. This can be accompiished using either a column or baich
process. Thus, a method of selectively reducing metals and TSNAs in an aqueous tobacco exiract
can comprise a step of contaciing the exiract with a metal selective adsorption agent and a TSNA
selective adscrption agent, The ratio of the agents can he approximately equivalent, f.e., a 1:1 rafio
of TSNA selective agent and metal selective agent. For example, a preferred combination of TSNA
selective agent and soluble metal selective agentis an approximately 1:1 mixiure, by dry weight, of
Dow Optipore L4893 and Rohm and Haas IRC-748, or comparable agents having preferred physical

-characteristics of these resins. Alternatively, in an elaboration of the method, the ratio of agents can

be chosen to match the relative capacities and/or kinetics of the agents. The ratios can also be
advantagaously chosen o maich the relative capacity of an ggentin a given period with the relative
conceniration of constituent that is seilectively removed by that agent.

it can also be advantageous {o simultaneously use a piuraiiiy'of contacting vessels, which
can be substantially similar and connected to the processing stream in parallel. Inthe use of such a
system, it can also be advantageous to maintain & number of out-of-service vessels, approximately
equai to the in-service vessels, in a standby or regenerating mode.

Modified column apparatus for removal of selected constituents of concentrated aqueous
fobacco extract
When it is desired to use a column arrangement in the contacting step, the methods are
preferably performed using an apparatus that has been adapted for the purpose. As described
above, the fobacco extract can be advantageously concentrated prior o contacting the extract with
the selective adsorbent agents, When the adscrption agent is in the form of a bed of resin beads
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0.00 0.9 Norit RO 0.8 NA 16.04 34.47 13.68 2.04 1.2 Rohm & Haas
XAD-7 18.32 5.64 67.05 3.31 0.00 1.7 Rohm & Haas IRC-748 14.04 78.91
38U B®/8UE 00 23.9 Alcoa DD2 14X28 42.54 PCT/IB2008/601021

-17 -

and the contacting vessel is in the form of a coiurhn, it is also advantageous to maximize the
duration of the in-service period of a resin bead column. However, an obstacle to simultaneously
achieving these goals has been discoverad to be the tendancy of concenirated tobacco extract o
form a gel in a resin bead bed. This results in a rapid increase in the pressure drop across the
column, thus shortening the workable in-service period of a column. To increase the duration of in-
service period of a resin bead column and to overcome the problems associated with increasing
pressure drop, modifications to the usual design of a resin bead bed column can be made.

Columns for contacting liquids with adsorbent resins commonly have relative dimensions of
abott 3:1 length.diameter, or greater, where the length is understood as the distance between the
inlet and the outlet and the width is the average dimension in an orthogonal direction. Flowing
concentrated fobacco exiract through columns of such relatively long dimensions can result in
greater gelation of the extract and a shortening of the in-service period of a column. When applied
in the present methods, this effect can be reduced by using a column with dimensions of less than
about 2:1 length:diameter, such as about 1:1 or praferably about 0.6 o 0.75:1 lengthidiameter. In
practice, the scale and number of paralle! columns will be determined by the skilled practitioner
according to the desired capacity.

Furthermore, including one or more pressure plates spaced along the length of the column
can distribute the overall pressure drop more evenly through the column. These pressure plates are
discs, preferably thin and yel relatively rigid, approximately equal in diarmeter {o the interior diameter
of the column, and perforated with one or more heles through which extract can flow. The plates
can be made of any suitable material such as ceramic, plastic, polycarbonate, and metals such as
stainless steel. The pressure plates are perforated by one or more evenly distributed holes or
passages. One or more mesh screens can also be used. The plates can be held in place in the
column by attaching the plates fo the sides of the columns or by otherwise restraining the plates
from moving along the length of the column.

Where the contacting steps of the methods are combined, the plates can be placed between
nads of differing adsorption agents in a vessel. However, itis not necessary to separate the agents.

For example, a mixed bed may be made and used comprising a plurality of intermixed selective
adsorption agents. In this way, a single homogenously mixed bed can be used fo sccomplish
selective removal of a piuraiity of constifuents of the agueous fobacco extract.

An apparatus adapted to the methods describad herein can comprise one or more selective
agent contacting vessels. [na preferred arrangement, a contacting step is conducted in a selective
agent contacting vessel while agent in another vessel is being regenerated. Vessels or pairs of
vessels can be connected in parallel. For example, a portion of a tobacco extract processing

apparatus adapted to performing a method described above may comprise four selective agent
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4.74 46.95 0.00 2.04 NA Rohm & Haas IRA-400CL 11.94 33.46 0.30 1.65
0.00 20.2 TABLE 3 A combination of 0.5g Dow Optipore L493 and
Réh#gHePHaas IRC-748 was tested for 10combined adsorptRFTaRe08/601021
selectivity of TSNA and Cd. Results are shown in TABLE 4. 1:1 Mixture

Dow Optipore 493 and Rohm & Haas IRC-748 % Reduction Selectivity
Alkaloids Reducing Sugars Cadmiunt&ead ' Total TSNA TSNA Cd

contacting vessels connected in parallel, wherein two vessels are in service at a time and in two
vessels the agent is being regenerated by flowing solvent such as sieam through the vessel.
While various methods and devices have been described in detail with reference to
examples and preferred embodiments thereof, itwill be appafem to one skilled in the art that various
changas can he made, and equivalents employsd, without departing from the scope of what is
described herein. The foliowing additional examples are provided for illustration of the principles
described herein and should not be consirued as limiting the methods and devices described herein

in any way.

EXAMPLES

Example 1. Identifying TSNA and Metal selective adsorption agents
The following materials were tested for adsorption of constituents of concentraied tobacco

extract:
Adsorbent Composition Form Trade Mame
Activated Alumina Granular Alcoa DD2
Activated Carbon Granutar Calgon CPG LF
Aciivated Carbon Pellet Norit RC 0.8
Silica Gel Granular Davison 408
Y-{ype Zeolite Peiiet “[uopP Hysiv-1000
ZSM Zeolite Peliet UOP Hysiv-3000
Polymetic Resin {(Anionic) Bead R&H Amberlite™ IRA-400CL
Polymeric Resin {Chelating) Bead R&H Amberlite™ IRC-743
Acrylic Resin _ Bead R&H Amberlite™ XAD-7
Styrene- DVB Resin Bead Dowex™ QOplipere™ L 493

Vials of concentrated fobacco exfract (35 ml) with 0, 0.03, 0.1, 0.3, and 1 g of each
adsorbent material were allowed fo equilibrate for 24 hours at 60°C (140°F) under gentie agitation
on a rotary platform. The concentration of NAB, NAT, NNK, and NNN, comprising total TSNA, as
well as alkaloids, reducing sugars, soluble ammonia, Ni, As, Se, Cd and Pb was determined.

Adsorption effectiveness of the adsorbeni materials for TSNA compounds is shown in
TABLE 2. Dowex™ QOptipore ™ L4093 was most effective in selectively ramoving total TSNA from the
concentrated tobacco extract. Water may be displaced from adsorption agenis when other
compounds are adsorbed. No attempt to account for this possible effect has been made for the

purposes of the comparative measurements reported herein,



6.03 1.59 58.71 22.41 ,73.05 12.10 9.72 TABLE 4 WO
2008/090477PCT/1132008/001021 - 20 - Example 2: Identifying nitrate
SEfeethi ddgorption agents Materials were tested for adspiptiBnoss/c01021
nitrate and other constituents of concentrated tobacco extract. Vials of
concentrated tobacco extract (about 35 ml) with 0, 0.1, 0.3, 1 and 3 g of

dry adsorbent material were allowed-téeequilibrate for 1 to 24 hours at 43C
(110F) under gentle 5agitation_on a rotary platform. The concentration. of
nitrate, as well as aIkanﬁ/éRfé{H‘ﬁ?f?ﬁg sugars, and soluble ammonla
deterr}?ﬁji%‘éﬂ’  Ads@rptiqpugapagify and sglectivitraf tHeA;’kQG%sc rggigﬁw
materials for nitrate and gelectivijty against alkalcplﬁél‘%e shown in TA
GaidWhare observ ecbpeiucHosavas fessithatt tie|manghs of errot.s0 is 5.0
COHIEsHIH: d DIoBUT PSR, U gEtGUIAUBg S7eIeEyvily) thig IBrtaken apst96): 10 g 5

Dnrlllr\flnn Nitra te Sal f‘ﬁ\lif\l Allcaloids. Nitrat

NeATIEE Aeion-Nitrate, Sprecliviy - AkpIUds e —s5.12 13.68 5.1

Rohm & Haas XAD7 | 69.00 | 68.94 | 5584 | 38.15 | 50.60 3.31 15.3

UOP HISIV 1000 j72.62 7213 | 4116 4044 ] 4896 14.05 3.5
TABLE 2

Adsorption capability and seleciivity of materials for soluble metals is shown in TABLE 3.
Rohm and Haas IRC-748 was most effective and selective in removing total Cd from the

5 concentrated fobacco exiract,

% Reduction
Material | : Cd Selectivity
As Cd Pb Alkaloids | Reducing
Sugars
Dow Optipore 493 11.73 7.99 1 77.52 8.55 0.00 0.9
Norit RG 0.8 NA | 16.04 ] 34.47 | 13.68 2.04 1.2
Rohm & Haas XAD-7 18.32 584 67.05 3.31 C.00 1.7
Rohm & Haas IRC-748 14.04 1 78.91| 33.16 3.31 0.00 230
Alcoa DD2 14X28 42.54 { 474 46.95 0.00 2.04 NA
Rohm & Haas IRA-400CL 11.94 1 3346 0.30 1.65 0.00 20.2
TABLE 3

A combination of 0.5g Dow Optipore L493 and Rohm and Haas IRC-748 was tested for
10 combined adsorption and seleclivity of TSNA and Cd. Results are shown in TABLE 4.

1:1 Mixture Dow Optipore 493 and Rohm & Haas IRC-748

% Reduction Selectivity

Alkatoids | Reducing Sugars Cadmium | Lead Total TSNA | TSNA | Cd
6.03 1.59 58.71 22,41 73.05 12.10 9.72 i

TABLE 4



MTO-Dowex TM M43 6.0 27.1 4.5 Amberlite(tm) FPA51 7.2 50 7
Marathon(tm) A 12.4 46.9 3.8 Marathon(tm) MSA 3.1 59.5 19.2
Marathien{taty WBA-2 -0 11.1 55.9 18.8 56 IT Amberlite(tm) FRAAQCHss/001921

=20 -

Example 2: Identifying nifrafe selective adsorption agents
Materials were tested for adsorption of nitrate and oiher constituents of concentrated
tobacco exiract. Vials of concerdrated fobacco exdract (about 3b mh with 0, 0.1, 0.3, 1 and 3 g of
dry adsorbent malerial were allowed {0 equilibrate for 1 fo 24 hours at 43°C (110°F) under gentle
5 agitationona rb’tary platform. The concentration of nitrate, as well as allaloids, reducing sugars,
and soluble ammonia was determined.
Adsorption capacity and selectivity of the 3 g adsorbent materials for nitrate and selectivity
against alkaloids are shown in TABLE 5. (Whers obsetved reduction was iess than the margin of
error ~ 0 is indicated. For purposes of calculating selactivity, this is taken as 1%).

10
% Reduction 1 o
Nitrate Selectivity
Alkaloids MNitrate
MTO-Dowex ™ M43 6.0 27.1 45
Amberlite ™ EPA51 7.2 50 7
Marathon™ A 12.4 45.9 3.8
Marathon™ MSA 3.1 50.5 19.2 |
Marathon™ WBA-2 ~0 55.9 . 56 &
Amberlite ™ FPA40C] 119.1 18.8 1.7 ;
Amberlite™ FPA3 8.5 56.9 8.7 ‘]
Amberlite™ FPASQCI 9.3 44,0 47 ]
TABLE 5

All of the above-mentioned references are herein Incorporated by reference in their entirety
to the same extent as if each individual reference was specifically and individuaily indicated to be
15 incorporated herein by reference in its entirety.
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Amberlite(tm) FP53 8.5 56.9 6.7 Amberlite(tm) FPA90CI 9.3 44.0 4.7
TABLE 5 All of the above-mentioned references are herein
incorporated by reference in their entirety to the same extent as if each
individual reference was specifically andindividually indicated to be
iIncorporated herein by reference in its entirety. - 21 - CLAIMS:
CLA : . . 4
ethod of selectively removing soluble metal ions from an aqueous
tobacco extract 5Scomprising the steps of: preparing an agueous tobacco
extract; contacting the extract with a metal selective adsorption agent,
wherein the metal selective adsorption agent has a metal selectivity index
T of &t IB5LHs0] G5'ACHEth So HREBRaRRG RIPC AR taR B e AR FHEIRGURACbacco extract
comgtepoticontentrdting the aqueous tobacco extract prior to contacting the

extﬂ;%‘gyyigg Qﬁ?aﬁl?é@ﬁ§ﬁ!8§g e &Q@&ption agent. 3.A method according to

claim 1 wherein the metal selective adsorption agent removes selectively _
cadfiitFrf ot Bt ush S BRI GS Bt RS A Rjienpscaktsfeltinthe metal selective
adscajialoiatgent 225-a metal selectivity index of at least 15.

2. A method according to claim 1 further comprising the step of concentrating the agueous

tobacco exiract prior to contacting the extract with the metal selective adsorption agent.

3. A method according to claim 1 wherein the metal selective adsorption agent removes

selectively cadmium from the aqueous tobacco extract to a greater extent than alkaloids.
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4. A method according to claim 1 wherein the metal selective adsorption

agent has a Cd adsorptivity index of about 60. 5. A method according to

claim 1 wherein the metal selective adsorption agent is a 5functionalized

resin. 6. A method according to claim-Z#herein the funcfionalized resin is

in bead form. 7. A method according to claim 5 or 6 wherein the
4 furfiBRAA TR AR I tANBTRIHEe OTeiE SelesiyPoRpeormior agent has a Cd
adsométhiydraesorstiing togilaim 5, 6 or 7 wherein the resin is functionalized

‘with a chelating moiety. 159.A method according to claim 1 wherein the

metal selective adsorption agent is a porous material comprising a metal

sefeciVE e @arRjdiiNcioraity. Joxmethothacew@ingdedisimegsirgion agent is a
funcivheneiy theighelafing moiety is an iminodiacetic moiety. 2011.A method

according to claim 1 wherein the metal selective adsorption agent is a

resin functionalized with a chelafing moiety acid and having an exchange
6. capdtriheradeydinsutan sumeren heietstanadcendierj s dtaieat form.

wherein the metal selective adsorption agent is a styrene- 25divinyl

benzeng resin functionalized with.a chelating moiety. 13. A method | o
’ ac}c@‘org1 @é} o"ﬁg(rﬁ?/r%'r’l c{é |lr'lag[gmc$;v?rrn%v\\%$§rr§fﬂ &ﬂ%%%?é%?#ﬁﬁﬁ%smg?ﬁtam metal binding
functigglagitagisorption agent are contacted using a counter-current

arrangement. 30

8. A methed according to claim 5, 8 or 7 wherein the resin is functionalized with a cheiating
moiety.
9. A method according to claim 1 wherein the metal selective adsorption agent is a porous

material comprising a metal selective chelating functionality.

10 A method according to claim 8 or 9 wherein the chelating moiety is an iminodiacetic moiety.
11. A method according to claim 1 wherein the metal selective adsorption agent is a resin
functionalized with a chelating moiety acid and having an exchange capacity of at least about 1.1

eall.

12. A method according fo claim 1 wherein the metal selective adsorption agent is a styrene-

divinyl benzene resin functionalized with a chelating moiety.

13. A method according to any preceding claim wherein the extract and the metal selective

adsorption agent are contacted using a counter-current arrangement.



