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I. I NTRODUCTION 

Nature, it seems. has provided for every crop a.t l ea.st 

one pest. The oompet1t1on thus created is a fight the world 

over between man and pest, and 1t has aptly been called the 

gre·a t at war of all times. For a time, 1 t se$med as if man was 

going to be the loser. But. in order t ·o circumvent the law of 

nature that decrees that for every crop there shall be two 

claimant.a: on the one side, he who planted 1 t and expects to 

harvest it a~ a rightful product of h is labor; and on the other, 
., . ~ 

the many forms of insects and :fungi wh1eh live upon this crop , 

apparently no lEfsa anxious than t he grower himself to reap the 

harve st, man has resorted to a sc1ent1f1oa.lly conceived and 

executed plan. Insecticides 1n the form of solids, liquids, and 

gas es have been used. Records show that insecticides were used 

as long ago a. s 1,000 B. C. However, the first 1nsect1Qides were 

more often usele ss than uaef'ul. The essential property of the 

early 1nseot1c1.de s wa s a disagreeable odor rather t han a 

poisonous nature. 

Nicotine solutions and tobacco dust were among the f 1rst 

insecticides used. Nicotine solutions and compounds proved to 

be very successful and st ill are dependable and qulte safe so 

far as delicate plant ' t1ss'\1e is concerned. Nicotine 1s the only 

insecticide of plant origin produced in the United s t a t e s ot .. . 
I which t her e is an ample s ource . However, the demand for toba cco, 
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the source of nicotine, for other purposes resulted in high 

prices being paid for tobacco . This just about eliminated the 

use of tobacco for producing n1oot1ne except for that toba.ooo 

which is fit for no other purpose. Hence,, the resultant short-

age ot nicotine and its compounds, and the directing of r esearch 

toward providing other and cheaper 1nsect1o1des. 

This 1nvest1gat1on dea ls with t he preparat1on of a nioo-

t1ne hydrochloride dus t from the entire tobacco plant and the 

econom1.o poss1b.111ty of t h e tobaooo farmer oult1vat1ng tobacco 

for t he purpose of .selling his toba.ooo to manufacturers that 

produce the 1nseot1o1de. Some work is be1ne; done alons this line 

by the Agricultural Department . In 1943, the Department 's to-

bacco div~rsion .:program was suocesaful 1~ adding l,800,000 · 

pounds ot n1eotine sulfate solution to the regular supply of 

nearly 2,250,000 pounds, making a total or about 4,ooo,ooo 
pounds. 

The purpose of this investigation iss 

l. Preparation of a nicotine hydroohlor1de dust 

1nseot1o1de from the entire tobacco plant .. 

2. To make a study of the costs or cul.t1vat1ng 

flue cured tobaooo and the costs or oult:1vat1ng tobaeco that 

could be used for the preparation of the dust. 

}. To determine the price at which the tobacco 

farmer could sell :Qigh n1c-Ot1ne content. tobacco and still make 

the prof'1t he r ealizes from the cult1vat1on of flue cured 

tobacco. 
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'1.'he d1tt•renoe bettfe$n gro•• and net producer 1neome 
t11om tobacco i• aoQounted tor by the ooa:t o.t produotlon and 

sale. These eoata are bo\h moneta.17 and non- mo•etarr . and the 
latte%' are wniall.J d1tt1oult ot exact evue.luat1on(l) . 

Direct Coat.a . The monetar.y eoata oE produot1on an the 

actual investment• 1n land and oap1tal , the 001t o-t tert111-

zera , the cost ot production, ored1t,, .and the wagea pa1d to 

hired labor. '?he monetaey eoata ot sale: are tranaportat1on and 

storage cos~a ,. (it not 8Upplie4 from farm tao 111 t lea) , and the· 

warehouse obargea thems•l•ea . Hon- monetary ooata oompr1ee 
lose•• in land tert1llt7, the tarmer•a and h1a ta.m1ly'e laber, 

we>rk hour• trom ta.;rm live ~took and equipment, and :fuel tor 
curing, (1t cut otr the tarm.J lt bought, th1• becomes a mone-

tary ooet}, From tah to ta.rm, the •arioue costa sh1tt be1rween 

monetar, and non- monetary. some· tarinera hire labor and othere 
W)e fam1l7 l•borr •ome uet horse d..rawn equ1pm.ent • some. hand 

operated., a.n.d other& uae tractor drawn mac·h1nea. Thul 1t 1a 

ditfioult to ditter.ntiate 'bttween the oatego~1ea of coat. or 

to determine a tati- cost 'per unit ot p?'oduation for all the 

tlue cured rarms<1> . 
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WootterC49) ata'tea the ooat-relat1onah1pe ot the tob&coo 

farmer J:'a.ther aptl7r a very eonelden.ble pr-oport1on r>t th• 

ooata a.re aooounted tor by· th& labor (about 8~) •ither per• 

tormed bf the taner an4. h1a tam1l7 or hlred. 'l'hua, tobacco 
oult1va.tion 1• m$rel7 a d1v1e• tor the farmer to \18& h1a laD.4 

and sell h1• labor :ratb,er oheapl7 and ,oocaa1onall7 make a small 

prot1t. 

ln stud1ea wh.10.h llaT• l:>e•n made ot the ooata ot n1a1ng 
an aci-e ot tobacco, there have 1-en no oonsietent ·praetioea ot 
lncl\Ul1on or •xolua1on. ct moat ite••·• However, all the stud.le.a 

do reoogon1ze the tact quoted. abov•, and end•avor to meet it 
bf aa•um..ing all man hour• ot labor a.a h1"4 at the preva111ns 
rate" on:th1• baa1e, Vn4erwood(i8) arr1~ed at an a:vei-ase ooai 

ot t127.35 tor "-111:r>g «ln.4 tran•port,ing one acre of tobaooo 

(warehou•• oe•t• ar. not 1•cludt4) la 11t\.aylvan1a Q0,unty • 

Virglnia 1n 193J. or th1a amount ., 186.24 rep:reaented tl'.l.e coat 

ot 4;58.6 •n heura ot' labor .at the rate ot to.197 per b.our. 

It 1t le asaumecl that the iu1t1re labor b1U was provided b7 

unpe.14 tamll.7 labor (.1ncl\ld1ng the ta:rmer' s ovn)., then the 

oa,ah cost ot ra1e1ng and. traw.po:i-tins \o marltet on• aQre ot 
tobacco was 141.ll (it ~houl4 b4t .noted that thie tig\U'tt at1ll 

1nolu4ea such indirect and. imputed-costa a.a tu.•l, and th• in• 
tereet ·and user ooate tor land• -.eh1nery, etQ . Mal\f of th••• 
ooate do not neoeaaitate in, out•of-pooket expend1:tur•a) • For 

the Qa_me tobacco the a:vera.1• y.leld was. 642 pounds per ao.x-•• 
and the average wairehou•e charge was to.62 t>er 100 pound.I, or 
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$3.96 per aore. Thue using these figures and asaum1ng all, labor 
turniahed by the 1'4nti.lJ; the ave~agt cash eost et ra1e1QS and 

sellins one aore ef tlue cured 1n tha\ area was not m.ore than 

$45.09. It t .his figure oan be considered as representative ot 
the entire V1r-g1n1a Old Belt• vhioh in 193} had an average 

tlue oure4 value per ao,t'e (based on e.c.reage and tot,al tarm 

ve.liu~ ot the tlue cured erop) ot t·11s.oo, th•n the .net m~ne;r 

income 1n that a·rea t .rom one aore ot tol:>acco wa• f7J .oo. For 
tal"DlS studted. (bf Un,derwood) the average tobacco orop valu.e 

pe~ acre was nearly 93.00. 
Similar atud.1ea .made in other aeet.1.ou ot the tlue 

eured area pro<luoe a v1de range' ot t0t&1 costs. per aero, de· 

pending on the iitud1••· Oaloulationauoli &$the above,, Vh1eh 
... ~Jae all labor unpaid, · fUJl'n1ah t .he lower eet1me.tea and those 

aaawning all labor paid .tu.rnish the higher ones. Aotual coat• 
probablJ avenge between thEn~e two 11m1ta •. However, 1t 1• appar-

ent trom the t1sures s1ven above, that the tob.acoo ta~mer atldom 
gets l.ese :t:rom h1a erop than his aotual o,ash outlays .• wootter 

<49> ••1•• **when lt 1• ata.ted that the ra.rmer lo••• mone1 on 
hla crop it doe• no~ generally mean that he sell.a tor leas than 

the oa.eh inve.t11te4 in p~Oduation, but that he does not ea.i-n, tor 
his labor, a wage ·•qWLl to the usual level of farm wage4.". 

\@1reet qo•!!s It l• 41.stlnctlr poaalble that one <>r 
the most important ~p:r04uo\1on eosta of tooacoo culture is loaa 

ct soil .tert111ty, $1ther through eroa1on or through depletion. 
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s.1noe •J'S:&.nle -.ttex- ·in the soil is not conaiatent. with hlgh 

quali.t7 tobaooo, \here are te'lt alternate uaea· ot pl!)aa1ble ae1l-

bu11d4.ng ~eta.t1ons that pro•e a.ttitactlve to the flu• cured pro• 
duoer. Thus the soil ls used rather continuoualy , without cover 

er-ops ,, and more constant danser ot loaa ot t rt111t1< 1 > • . 
C<?nolqf goJl*i ~ ''rh•· ta~~ vbo ralaee tlue OlU'ed ael4otll 

ta.111 to realize more roi- bl• crop than his actual cash invest!'" 
ment. However,, tn uat 1••r• be an& hie tamily reoei,ve lees 

tor their" labor than doea the a:ve.ragt!t b1i-etl agricrw.t~ 

laborer. ln .addition .• the ta,et that tobacco (a aoil deplet i ng 

CJJ'Qp) cannot be grown J.n rotatton with ao11 building o:ro,,, and 

t.he raot that good. tol>aooo f lelde ar. u1\Ulll7 WJA•r almo•t con+ 
tb1uou1 o:ul.tiva\,lon• · 1ateQit1 the poss1b111t1es ot e:roeion and. 

loe11, ot soil tert111t,J. Ir the 1rreplaoeable .eo1l ls added to 

the high unpa1d labor b1ll;t it is quite poa•tbie that toba.ooo 

culture 111 in the long view, a d1atino$ly unprctitable enter ... 
prtse<1>. 

Deta1l~c Oo•~t , 

Q,,q~;le ot !!~ew\!!6 ~T0~8t9!0r . '?he ooet. ()f growhlg tobacco 
•• oomputed by Uncle~ood(29) included all eo•te 1ncurrecl 'baton. 
hanett1ng the ox-op , wheth•r the 1t•ma represented c••h outlay 
or not ., It 1nolud•d the ooet ot perform.ins all operat1ona · 1D. 
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producing plants, land preparations, tranapor-tat1.on, t,..ans• 

plant1ne; 1 and all the wo~k done betwet~ plant setting and the 

beg1nn1ng of banes~. Fert111zer, seed, manure ,, cover orop ex-· 

penae, po11u>n, crop ina\U'&nce, and land us• were included a• 

growing o.oets. 

co.st ot 'r~µ.9i1§ Jtlante. About one•halt ot the total 

labor required 1n producing plants 'Was &pent in pr$par1ng• 

sGw1ng, and fert1liz1ng the bed. About two-t1tths ot the total 
l&.'bor ot produo1ng plants waa abeopbed in weeding and ·water1:ng 

the beds. Work an1mala were used. ino•tly ln olean1ng the ground 

ot roote and. •tumps and. ha.ul1~ wate.r. The totcal coat 10t do1ng 

all the work o.f prQduo!ng plants• tncludlnf$ herfe work and the 

uae of cover oloth. a:nd equipment , .av•·raged $12.77 per one hun-
dred · a~ue.re 1•ria. ot plan,t bed. Th1• a.ooounted. tor SJt.,5~ ot 
the t .otal ooet ot produolng plants. About two-third.a or the 

to\al cost r.ep.-eeented man labor. Fertilizer and manure aceo~t­

ed tor 12.6% ot the total coat. The average total cost. ot pro-

ducing t1ve thousand. plan1uJ, or about enough to plant an aore 

ot tobaooo lfafJ 14.24( 29). 
Table I,. page 8, g1vea a tabUlatlon O.·f the .c;ost tnourre4 

1n produ.o1ng t.obaooo planta(29) • and.. fable II, page 9 11 g1v•• 

a aWIUll&ry ot the coeta ot produotng tobacoo planta(,O). 

Oost, of ~lowi115. !he ave"se cost of plQW1ng (or tallow-

ing) tobacco was ,.64 ~r aore. The ave.rage amow.nt ot· l.a.b~r· 

wae 8.5 man houre and 14.5 horse hours. J'he average eo.at for 
tlle use ot equipment wae to .21 per acre~ Average plowing oest. 



' " " 
A-ye.rage tor 100 •quaft y:arcls of plant bed 

; Operation .. labor JforM work Equlpneat. Total 
' <COSt eoat " 

' Bour• Cost Bou• 00•1' 

Prepoiag,-aowtag. te7'llislng 24.8 15.1'1 v.s to·.90 t G.18 $6. 25 
f'aclng &4 COTeT1-l,g s .• Oo69 1.15* 1.84 
W.ediag t5.a s .os 0.1 0 . 01 3. 09 
Water lag '·' 1. 00 . s •. , o.•6 0.05 1 . 50 
!op dr•••ing o.a 0006 Oo06 
111•celiu.ou 0.1 o.oa o.os 

l'ou:l .So-6 tio.os 11.S $1.36 tl.38 t 12. V7 

*Incl\14•• auul charge tor co'fer c)"lotb.. 

Underwood, •• L. J'lu.• Cu;ed hbaece :re.ra ~-•"• Ta, J,,grt. Bxp, . S·'-· ~l. 64. p.43, (1939). 

~ 
a> 
I 



Table II Summary 0£ costs ot producing tobacco plants 

Average tor 100 Anrege tor 5,000 
s qu re yardS plants Percent 

ot total 
cost 

Jmount Cost ' Amount Cost 

l abor ,hou.rs 48 . 4 $10 .03 13 . 6 $2.81 66 . 3 
Horse work,h.ours 11. 3 1.36 3 . 2 0 .38 9. 0 
CoYer cloth l . 15 0 . 32 796 
Equipment use 0 . 23 Oe06 1. 4 
Seed, ounces O. 'l 0. 41 0 . 2 Ool2 208 
Fertilizer, pounds 15908 1 . 72 44. 8 0. 48 11.3 

anure , pou.rtda 9408 0 . 19 2lo0 0 . 06 1. 4 
Poison 0 . 03 0. 01 0. 2 

Total 15. 12 : $4. 24 100. 0 

hd.erw•od., 1. i.. 1'1•• Ouretl !obacc-e- :f&rll Ibm&geaent. ·va.. Agt-1. Expt . su.. hll. 64 
P• 44, (1939) • 

,, 
'° f 
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va.rled with the k1nd of implement, size of tobacco f1eld 1 and 

kind of soil.. 

In this operation; 63.1~ broke their toba.oco land with 

two-horse t urning plows, and 27.6% used one-horse turning 

plows. '?he avera.5e oost per a.ore for t his operation was slight-

ly le.as tor two- horse t h.an for one•horse turning pl owe . A 

sav.1ng in man labor more than off set the hi gh.er horse work 

and equipment eost 1nourred 1n the use ot two .. horsEt plows ( ' 0 ) . 

The average cost of plowing on the farms using tra.otors 

was only $2. 40 per acre. 

Table III , page 11, gives the oomparat1ve costs of 

plowing toba.ooo land ·w1th dlff erent 1mplernenta<:Jl) . 

'l'hGr ooi1~ bt 'Oult1v~t!ns or Rebteald.ns . Th1s operation 

was a cultivation of the field 1n prepa.rat1on for planting . It 

wae not necessary and was pe~tormed by only about half er the 

farmers covered in th1s study. The average o.ost of this opera• 

t1on was f l . 78 per a.ore oovered once . The average labor re-

quirement was 5.9 man hours and 6. l horse hours per acre per 
operation(3l ). 

Table IV. page 12, gives the oomparative cost ot ou.lt1-

vat1ng tobacco land before plant!,ng with d1tterent 1mple-

mentaC 32) . 

Oo11t .j?t' . Harro!1P.fi.• Th& average cost of' harrqwing \e>baoce 

land was $0 . 71 per acre .. More than 75% .er the f $.rmers who 

harrowed their tobacco land used two- horse teams . Tbe average 
• p 



1'abl• Ill CoJllparat1Te coats ot f'allowiag tobacco led with different iaplemeats 

AYerage costs p.r acre 
. 

Kiad ot plow ... labor , .HOr• work Equip- Total 
m.ent 

Roura eoat Bour a cost 
..... 

eae-hor• tUl'D.iug plow 10. a jS?olO 10 .• 2 l l f) l58 JOoll $1.38 
Two-horae tuning plow 

no••l1 '1 09 _lo62 11 .·t l.66 0. 21 3 . 49 
l»uble shoY•l,colter or single U . 5 3 of3 1!. S 4. 29 0. 12 8 . 14 
OOlter ad :two- horae turning plow 10.& 2o31 l4ot5 a.a 0 .31 4.S5 
OD.•- and 'h'o-b.or• turn.iag plow 10. 0 1.81 1304 1. 65 0 . 23 s .&9 
Paa.rt or al l tractor plowed 2 • • o. &2 0 .4 o. is 1.60~ 2. 40 

All 8 f UlllJ 8 . 5 ~l.?!S l•o5 f l.68 to. 21 $3. M 

l Iael~d•• • taaa uiag botli. colter ad oae- hora tu:n.ing plow. 
ala:tom.atioa ngarding kin4 of plow aot ob\&~~4 oa three tams, wliile oae fU'Jll did not 
tallow tobaoeo lac\ but .opned the rowa att•r oultiYating once. 

3In-cludes 2 hours tnctoJ!' use at $1 . 29 per acn. :. 
IJ'ndenreed• l'. Lo nue Cur:ed ! ebacco Yara Mnace-ent. Ya . Jeri• ·lbpt. f t a . Bullo 6~. p~ 45, 
(1939). 



.. 

fi,Terage cost per e.cn per eult1Tat1on 

Kind o'f impl eme t .. 11t:bor Hor• wort 
;. Eq\1111- 'lot.al 

.. Milt 
' Pllr• coat .Bova C.d 

-

Oae-llorse oultiva'tar 4 .6 to~79 ... , 0.45 #0·.<N ti.ea 
Double aho••l s.a l ol? 508 -o.&a o,ot 1.89 
One-hol'H turning plow 8.4 1,159 s.• o.'3 o.09 2o41 

-
All ldn4• $.9 t1.12 6 .• 1 $0.59 to.O'I tl. '18 

1Includea 0J'll7 ta.ma uatn.g oae ld.ud ot 1.apl.Geut. 

Un4erwoo4, 7. Lo n-.. Cured !•bai:u:• J'a.ra ~ent. Va. A.gr!. l}xpt. Sta. Bull. 
64. P• 46. (1939), 
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cost of harrowing an aore once with two-horse h rrows was $0 .66 

as compar d to 0 . 87 for one- horse harrows . The farmer that 

harrowed with a tractor aooomplished the harrowing at a cost of 

$0 . 50 per a.er (32). 

Table V, pa.ge 14, gives the oompe.rative coat of harrow-

ing tobaoeo land w1th one or two horse.$(33). 

Cost of D1ak1pg. About 75% of the farmers who r eported 

th1s operation used horse dr wn disks , mostly with two- horse 

teams. Two -horse disking was conslderable cheaper than that 

done w1th one- horse . Traotor d1sk1ng was mor expene1ve than 

horse dtsk1ng bee us the saving 1n man and horse hours was 

not atlff icient to otfset the cost of opera.ting the tractor and 

th use of a ot-e xp naive d1sk. Tha a~erage coat of all d1ak-

1ng was $1 .02 per aore and required 2.2 man hours a.nd 4.5 horse 
hours:rC33) . 

T ble I, p ge 15,, gives the a"t rage costs ot di.skins 

tobaaoo land with .d1:fferent 1mplements (:53) . 

Cost of Drae;a1ns .<?r Losgil'!g . The av·erage cost of drag-

ging was $0. 69 per acre covered. onoe . Thie operation required 

1 . 8 man hours and 3 . 0 ho~se hours . The cost of dragging or log-

ging with twe-horse teams w e lesa than dragg ing w1th one-

horse tea aC33) . 
Table VII ,. page HS , gives the average cost of dragging 

or logging tobacco'. la.n4(3~) . 

Cost ot Laz;j,pg o_rr_ R9,W~ . The average cost ot la.y1ng oft 
' tobaeoo rows w·l:\,s $0,. 84 per acre. Th.is was a one-horse Job , 



AYerage cos'- per acre per Jlarrow1q 

BWl'be.r of ll01"898 llaa labor ' Bcwa work 
- Equip- 'lbtal .... 

Bour• Co•t !fours ·eoat 

O.e 2.2 $0.4'1· 2o2 $0.39 to.03 to.8'1 
Two. 1.6 Oo3l 3.1 0.12 o.os o.&6 

All f al'!U l.& to.u s.o ·to.M to.oz *°·'1 
Un.deneod, 7• L. J'lu.e Cured ·tobacco J'•ra ~e•ent., Ta . Agrt. :IX,\. S\a.. 
liull.. 64. P• 47, (1939) • 



---
Coat per acre per disking 

' , 
. Si.ze ot tea Ma la:bor Horse 1101'k Tractor uee 

Diak Total 
' Hours Coat. Houra Coat Houn Coat uae 

Olle"-hOl'88 609 11.oe &o9 $0.66 to.cs t1.eo 
Two-horse 2.S o.48 406 e.u Oo03 Oo93 
Three• or f'our--horae 2.0 o.38 '·2 Ooh 0.05 1.0'1 

.f\.ll horse-disking 2.4 Oo49 5 01. 0.46 o.04 0.99 
Trac-tor 0.9 o.1e ,. o.9 to •. '16 o.so l.24-

ill diskiDg 2.a $0.45 4.5 
l 

$0.41 0.1 to.Gt to.ov $1.02 

'Uaderwood, f., I.,. Jlue du.red 1!o'bacco .Fm-a 1'ftdlac••en\. fa. Agrl. Xxpti. St.a . Bull. 64. 
P• 47 , (1939). 



-. 

- ~ - . , 

Coat per acre per dragging 

Size at te• llan labor Boree wort 
Use ot Total 

Roura Coat Rove 
drag 

Coet 

OAe-hone 2 .6 to.'6 2~6 to.3S to.03 $0.82 
Two-horse 1 . 15 o.s1 3o0 o.32 Oo03 o.6& 

All tuaa 1.8 $0.3' 1 . 0 to.s2 10.o:s to.&9 
thlderweod. • .,,,. L. J'lu Cured Tebacco •an Jfaaageaent. Ta,. 
J.gr1. lxpt . Stao Bull. 64. P• 48, (1939). 

I 



-17-

requiring 2 .4 hours per acreC34) . 

Cost of Fertilizioo and L1st1ns . The most oommon method 

of fertilizer application was to open the row with a single 

shovel, distribute the fertilizer in the bottom of the furrow , 

either with a drill or by hand, and list the row. L1st1ng was 

usually accomplished by going twice to the row with a one 

horse turning plow to prepare a r1dge, or bed , 1n wh.ich the 

plants were set . Most of the fertilizer was bought on a de-

liver d basis at the farm, so that hauling did not represent 

a direct labor cost on tobacco . However, a certain amount of 

hauling to the f' .ield was included 1n calculating the ooat of' 

fertilizing tobacco. he total cost of hauling and distrib-

uting fert111zer, exclusive of t he price' of fertilizer, aver-

aged $1 . 21 per acre . This operation required 3 . 9 man hours 

and 2. 6 horse hours . The labor of 11sting averaged 4.7 man 

hours and 4. 6 horse hours per acre . The average total cost 

per acre, including equipment used was 1 . 60 . In some cases a 

combination fertilizer-drill and lister was used. Including 

the extra men required for handling the fert ilizer, the man 

labor used w1th the lister a.veraged 3 .6 hours per acre, which 

was five hours less t han the total for performing the two 

separate operations of fertilizing and listing . The total 

cost of using the combination f rt111zer-dr1ll and lister was 

only , 1 . 28 per a.er~ listed·, aa compared' to $2. 81 per acre for 

the comb1n d cost of ·fert111z1ng and listing when performed 

as separate operat1onsC34) . 
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Table VIII ; page 19 , g ives the average oost of tert111z-

1ng a.nd list1.ng toba.cao land (34 ). 

goat of Mark1:qg Hille. The l abor of marking hills varies 

f'rom merely wa.lk1ng aoroa1;1 the field and etepping in the places 

where the plants were to be set, to drawing a two or 'three row-

marker across the rows a.nd wo:-k1ng up a snuall area for ea.ch 

plant with the hoe . Tho average amount of l abor used in making 

h1lls was 4.l man hours and, 0 . 5 horse hours per acre . The total 
cost averaged $0. 90 per ~ere marked(35) . 

Co s~ or Plant1n;s . Transplanting required. 17 ~4 hours ot 
man labor per acr e . This i ncludes the labor of drawing the 

plants from the bed .- Other expenses incurred in planting of 

the toba.o·co were watering expenses and :replanting expenses . The 

total. cost of trans.planting, wate:ringt and replanting averaged 

$4 .74 per aore(35). 

Table IX• pa.ge 20, gives a tabulation of the cost in-
curr d 1n planting tobaoeo(35) . 

Grow1_125 Aftez: . la.nt1P6• The coat of growing tobacco 

from transplant1ng to harvest included all tillage operat1qne , 

topplng, suckering, and worming . The tillag Qpera.t1ona 1n-

eluded siding down. cult1vat1ng, hoeing , chopping, spl1t.t1ng 

middles,, laying by , using sweep , and hilling . The cost of 

l abor, power, and equipment tor these operations averaged 22 . 65 

per acre , of which! 88"%·represented ma.n ·labor. The average labor 

requirement was slightly more tha.n 100 I,nan hours and 21 horse . ~ , 

hours per acre . All hand operations .combined accounted terr 



.. 
Table VIII AT•rage co•ta ot terlillzing and listing tobacco land 

.ATe?'ag6 costs per acre 

Opentim ... l•bot- : Horse work 
Equip- Total 
lllftt 

Hours Co.at. Bour• coat 

Hauling ed diatributing tertilizer s.9 to.e1 206 to.32 to.oe ti.21 
Listing '·" o.t~ 406 005' o.u 1.60 

'l'otal 806 tl.'16 ?.2 to.a& $0.19 $2.Sl 
O.l>ination drill and lister1 

l 
3.6 $0068 4.5 to.« $0.16 tl.28 

Lrhe combination tert111zer drill ad liater •• det1n1tel.7 reported used on 9 tal'llS. 
The average acreage ot tobacco grown on the.. tarma was 15.5, u oClllpared to a.1 on 
the tal"lls that reported tert111zing and listing as separate operations. 

Und.erwood., f. i.. flue Cured '!obaece 1al"ll Jlaaageaent, Ta. Agri. Bzpt. Sta.. :Bull. 6~. 
P• 48, (1939),. . 

t .... 
'° ' 



Table ll Costa ot pl,ant11lg tobacco 

AYenge per acre, all tame ... labor Hare• wort 
! quip• Total ••t oost 

UM 
Bove Coe• Bove Coat 

T:nnaplanthg l'f o.fr p .o 0.3 10.02 to.01 p .52 
Waterhg o.s 0'•°' o.s o.04 o.u 
Repl.au.tuc 5.6 l.ot 1.09 

Total as.:s .... , o.a $0.06 to.01 .... ,. 
Vad.erw.o-d, '· t.. flue Cued tfob&cce lara: llaa:lac•ent, Ya. A.grt. 
kp\. Sta. llall. 64. P• 49, (193,). : 

I 
I\) 
0 
t 
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about four-~1fths of the total man labor for growing aft r 
plant1ns(35) , 

Table X, pag 22., gives the labor, power, and equipment 

oost of growing tobacco after plant1ng(36) . 

Cost of Land U e . Th aver ge value of the land on which 

toba.lCO was grown on thes farms in 1933 was $335 . 28 p r aore . 

The ~o t of the use of this land averaged $2. 26 per acre . The 

char; for the use of o ne.d land was slightly higher than for 

rent~d land because the owned land was more valuabl , and in-

terest on the value of the land constituted 7% of the total 

oha.r3e . Taxes and mi cellaneous charges each averaged 25 c nt 
pr acre(37) .. 

Taple xr; page 23t gives coat of land use tor to-
ba.o ao L~8 ) • 

charged at their actual cost to the growers and the cost or 
hauling and ppl1cat1on w re included with labor and equipment 

charges . However, mo t of the fertilizer waa bought on a de-

livered baa1s at the f rm. Th averag ~ost of fertilizer used 

on tobacco fields was $20. 34 per ton, or 8 . 50 per acre ferti-

lized. The total cost of fertilizer , including the value of 

the fert111z~r. was 89 .78 per acre fert111zed(37) . 

Table XII, page 24, tabulates these coats(38) . 

Oost of .Manure 1 Where manure was used, the average of 

the growers' st1matee of the value of the manure used on the 

tobacco fields, including the cost of hauling and spreading 



Table X Labor, poweio, and equipu9n.t ooeta ot growing tobacco after planting 

Averag• pe.r aoJLl8 , all tuaa 

Qpera~ioll llan labor Kor• work 
Equip- Total 
meat coat 
cost 

Roura Coat ltoUJ<d &>st 

Sidhg down: 0.2 $Oo05 Ool to.01 $0006 
CUlti•atiq 14o9 3.04 ' l.5.o 1 . '11 to.22 • • 9'1 
Boeing '. 21.2 4·.14 - 0. 02 • • 16 
eh•pp:lag 4 .9 o.M 0. 01 0 .9& 
.Splitting middles o.6 0.13 o.e 0. 01 0 . 01 0. 21 
Uyiq by ' ' 3.a G.V6 3 . 8 0. 43 0 . 0'1 1.26 
U•iag .... pl 1.6 Oo33 l e& 0.10 0 . 02 o.m 
Billiag o.tJ .,0 .16 0.16 
•niaa s •• 1.6'1 1 . 69 
SUOkering and wol"JIU.ng 43., a. &6 '. 8 066 
SprqiJag and apply inc poisoa 0.1 o.oa 0. 02 

!OW.l 100.l $19.90 21.1 $2.40 to.35 122.65 

l.rhe teas •a.ep" ,ud •Buzzar4 wing" are use4 t:n:terchangeably 1n this tab-
ulation. 

Underwood., 1 . L. flue Cured !•bacco l&l"ll l~nt., V'a. J.gr1. h:pt. Sta. 
hll. 64. P• 50, (1933) • 

1 
I\) 
I\) 
I 



T :bl e XI Gest of l ad use tor tobacco 

Average per acre 
I'Hm 

Owaed1 Rentea1 AU f arma 

Aver age value $56. 60 $33. 56 055. 28 

1'axea $ 0. 23 t 0 . 2'1 $ 0. 25 
Interest l .83 1 . 6'1 l . '16 
Other coats 0 . 25 o.2s Oo25 

Total • 2. 31 t 2. 20 t 2. 26 

l noes not include farms on which part of the 
land was owned and pal"t rented. 

Vnderwood., Y. X.. 1111• OUred !obaeco Jlara 
Ms.e.$C611ea~ .. Va. A.gn. bpt. Sta. hll,. 64. p.52, 
(1939). 

I 

~ 
I 



'fable XII • Costa ot fertilizing tobacco field.a 
·>· 

Average per acre fertilized. 
Item 

Quantity Cost 

M labor 3 . 9 hour a to.e1 
Horse work 2. 6 hours o.s2

1 Other equipment 0,;09 

Total labOr and equipment 11. 22 . 
Fertilizer 842. 1 pounds 8 . 56 

Total cost ,. tta. '18 
1rncludes 91 miles of truck use a.ti lOol cents per mile . 
Undtn.•y oo.d, l'. L • . nue Cured Toba.ceo .:Iara ltaaagpent. 
Va. Ag:d .• h;pt. Sta. 1\111• 64. P• 52. (1939) • 

I 

~ 
I 
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was $5 . 21 per ton. The average oost for manure used on tobacco 

:fields on all farms represented l . 3,% o.r the total cost of grow ... 

1ng tobacco to harvest time and averaged $0 .71 per acre ot to-

ba.coo srown< 38 ) . 
xost of Cover C;rops ,.

1 
The average cost of producing 

eover crops wa.e $5 . 29 per a.ere ot oover crop . The production of 

rye (the roost common cover crop) , wheat, and crimson clover 

required more man and horse work. per a.ere than cowpeas ao that 

the average coat for rye was somewhat higher than for all cover 

crops oombined. The average oost for rye eover crop was #5 . 59 
per aere(39) . 

'!'able XIII , pase .26; gives the ooet .,of oover crops f'or 
tobacco(39) . .. 

Q.<?,st of s;eray and Dust . In addition to the use of poisons 

in the term of spray or dust on pla.nt bed a., poison was applied 

on tob ooo f1elde to assist in the control of worms . The labor 
or applying poison was enumerated separately from that tor 
suoker.1.ng and worming. The average cost of th1s operation was 

$1 .17 per acre of tobaeoo ~ Man labor averaged J . l hours per 

acre and constituted 71.% of the total cost of the operat1on(39) . 

'lable XIV, page 27, g,1v a the cost of applying poison 

on tobacco fields ( 4o) . 

Cost of Insurance. The average amount of insurance 

carried on farms on which this 1tem was reported was $76. 00 

per a.ere and the average premium paid was $10 ~, 28 per $100 .,0o 

of insurance . This gave an a.vera.ge premium of $7 . :;2 per a.ore 



Table XIII Costs of cover crops for tobacco 

Average per- acre of cover crops 

Item B7e All cover crops 

Quantity Cos"t Qu.antit7 

Seed i .o bushel t1.oo 
Fertilizer 2. 2 pounds 
Men l abor 9 . 5 hours l o9'7 9. 1 hour · 
Horse work 1'1. l houre ,2 . 21 16.,0 hours 
Equipment use o .41~ 

Total $5o5~ 

l0:ne tam pplied 400 pou;.i, s of fertilizer worth $3 on two 
acres of cowpeo.s. 

2acludes 7 hours of tractor. u~· a.t '74 cents per hour 
on 2 f rms . 

Cost 

$1.03 
t o. 021 
1.83 
l . 99 
0. 422 

35. 29 

Underwood, ·r. L. l'l:a.e Cured 'lfebaoee l'tlrll Ma.tt.s..geaent. Va:. Agr1. 
lzpt. Sta. BUJ.l. 64. P• 53, (1939). 

I 
I\) 
0\ 
I 
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Table XIV Costs ot applying poi on on tobacco fields 

Ave:rage per acre covered 
Item . . 

Quantity Cos\ 

Me labor 3.i hours to. 83 
Equipnent '139 o.os 

,..; -
Total labor and equipment ·· 0 . 86 

f..laterials 0 . 31 
=· " 

j 

Total cost 1 . 1'1 

Underwcoa .• 1\ t.. J'lue 0\u-od. Tobacco lar• · Msaagegi:ent. 
Ya. Agri . bpt . St•• :ea.11. 64. P• 54. (1939). 



insur d. Insur nee on tobacco buildings and equipment was in-

clud d 1n the coat of the use of t hese 1tems< 40>. 
Qost of Interest . Interest on equipment, land, and 

building w a included in the cos t calcul ted for these items . 

Interest oharges wer also calculated on costs at a rate of 

6% per annum fx-om the d te each item of cost was inourr d to 

th date the too cco was marketed . They wer c lculated on 

both labor ana materials used 1n production. Interest charges 

on gro .ring cost averao;ed $1 . 57 per acr ( 4o) • . 

Cost o,f H rvest1ns e. . Th average labor and quip nt . 

cost of ha.rveat1~ all tob coo on all rarms w s 15 , 80 per 

acre., of -1h1oh man 1 bor oon.at1"uted 87 . 7%-. . Th average labor 

requir ment per'.aore was 71 . 5 ma.n hours and 11. l horae hours • . . . : ' ~ 

Total harvesting cost, including interest on coats and mis• 

cellaneo~s ch r ges, averaged $16 . ~4 p r acre . Harvesting by 

priming required so~ more man labor per 100 pounds of' tobacco 

than harve sting by cutting . On the bas1 of the average yield 

per acre of tobaooo produced on these farms, the difference 

would amount to 28 hours per a.or (41) . 

Table XV , page 29; give the co ts of h rvest1ng to~ 

cco< 41>. 
Coat of Cux;- 00 11, . The chief cost of curing tobacco wa.a 

the labor of tend1ns fires . Thia epera.tion requires the con-

stant watohfu1lnee~ o~ ~n ~ttendant durfng the entire period . 

However, the attendant was often able to sle p for short 
;. 

periods of time while keeping a. oareful watch on his fires . 



Table XV costs ot harvesting tob cco 

Item 

.U labor 
Borsa work 
Equi e t u e 

tal l bor and a tiipnent 

Int rest o costs 
•. ti cell eous 

Tot l ha.rvestine; cost 

Average per ere , 
all tob cco 

Cost 

15.ao 

$16024 
UndtU"Woed, 1 • .i.. Flue Cured '.l?o'ba.cco ll'eira I4a.nagemen.t . 
Va. Acri• hpt . Sta.. Jv.ll, 64. P• 55, (1939), 
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Only the actual labor of .ttend1ng the cur1 barn h«1s been 

1neluded in the cost of curing tobacco. This represent s about 

thr ee•:fourths of' the total t lme t .or whlch the tires were ope:rt ... 

ated . The average amount of labor required for !'iring .a. ouring 

ot primed tobaooo was 68 .7 hours . Generally , cut tobacco re-

quired a longer period a.nd sl1 htly more labor than pr·1med to-

bacco, because of the moisture content of the stem, and the 

faot that eome of the l eaves on f,he cut tobacco were 1 mature 

and required more heat tor proper auring than l e ves primed 

a t the proper st ge or maturity .. The total curing eost aver .... 

aged 3 .95 per one hundr ed pounds of tobacco, or 35 .33 per 

acre of tobaooo< 42>. -
Ta."ble XV:t , pase Jl , givea s. tabulation ot the o.osts 

incurred 1n the curing ot tobacoo< 42) . 

?1,ar ket1ng. In th1a study th farm cost ot marketing 

tobacco included all coats. involved in handling the crop 

a.tter curing . 11 preparat1.on for market as well as the 

grower ' s pa.rt 1n the actual selling was classed as farm costs 

of marketing . This included all work of moving the tobaeco 1n 

the barn, rehanging , moving to sweat~house or pit , packing 

down.l ordering, str1pp1ng , sorting, tying, loading ; hauling , 

and attending to t he sale of the orop. ~a.rehouse aharges 

were deducted tt'om the a.mount received fQr the tobaoeo and 

were not inoluded a.s ta.rm .coats of mark!!t1ng( 4}) . 

Coe~ ot Stor 1J:?& and Qrder1ES • In this study, moving, 



Table l.VI Cos-ts ot curing tobaceo 
. ·> · 

Average per 100 pounds 
Itel 

qwmti'tf , ~st 

Man labor, hours l l e2 $2. 25 
Barn use o. &7 
FlUelii OolO 
Sticks 0 . 10 
-Other oq~i:pment 0. 01 
wood, eords 0. 3 o.v& 
Kerosene 0 . 01 
Interest on costs 0. 05 

, , 

Total " 
$5. 95 

Underwood, 1 • .t. flu. Cued 'fobaeco .f:r:.ra Maaagemeat. 
Va. Agrio .Ex.pt . Sta . Bullo 64. P• 56, (1939) . 
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rehanging, and packing have been combined and called sto~lng, 

While moving .to a sweat -house or pit and ordering have been 

combined and called ordering~ Labor or etor1ng and ordering 

counted for a little more than 18% or the total farm labor 

ueed in mr.trketing . The average cost ot storing was 0 .983 and 

the average cost of Ot>der1ng ias ... 0 .288 per one hundr d pounds 
{44) 

• 
Table XVII , pase 33; gives the cost of storins and 

ordering tobacco< 44 >. 
Ooat, of stri;e;eim . Sortinst and TziM · Labor of strip-

ping, sorting , and tying in "hands'' averaged a. out 13 . 5 :nours 
- ., 

per one hundred .Pounds and the cost averaged about ~2 . 62 per 

one hundr.ed pouftds(45) . 

Table XVII , page 34, gives t he cost of str1pp1 , 

sorting , and tying t.ocaooc><44) . 

C.osta . of Loading, HauliPJSc. and selliPS• J!'arm labor used 

in loading and haulins tobacco and attend1DS the auction aver-

aged. 2 . 5j houx•s per one hund r ed pounds sold- · The avorag fam 

costs of these operations was 0.79 per one hundred pounds . 

The cost of disposing of cut tobacao was 0 . 09 per hundred 
greater t han tor rim tobacooC 45) . 

Table Xl;X, page 35 . 51ves the cost of loadi ng, hauling , 

and selling toba.coo(44) . 

summarz of Cost~ afid Retu,rns . The average net total 

oost of producing flue ... oured tobaoco wa.e 126. 70 per aor~ . 

With yields of saleable t,obacco averaging 641 .4 pounds per 
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Table VII Cost or ator 

It 

t.rotal 

OrdeJ'ing: 
11 labor, hours 
Horse wor , hours 
Equi e t u • 

Total 

Average costs per 100 pound 

Amount Cost 

0 . 432 
0-.093 
0. 013 
0. 240 
o. l.95 

o. 269 
01101'1 
0. 002 

0 .. 288 

Underwood, Y. L. J'lue Cu.red tobacco J'ua M.inagaaent. Ya• 
.Agrt . :hpt. Sta. Bu.llo 64. P• 58, (1939) • 



Table XVIII coat ot stripping. ortblg, and tying t~bacco 

Average costs per 100 pounds 
Item 

Amount Cost 

Stripping• sorting, tying: 
u labor, hours 13. 46 2. 563 
Stovewood, cords 0 . 02 ()904'1 
Equ1pnen t use ' . o.oos 

) 

Tot l $2.618 

Undetifood-. r. L. flu Cu.red !oba.eeu l!'am Manag(.}»~t. f a . 
Ag:r1,. Expt,. Sta. :Bull+ 64. lh 5s, (1939). 

1: 
' 
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Table XIX Coat of loa.dillg, hauling, and selling tob cco 

Average· co ts per 100 pounds 
It 

Amount Coat 

Loading, aul • selling ; 
an labor, hours 2. 53 0 , 499 

Horse wor , hours Oo52 Oo041 
Truck us , mile o•"' 0 . 027 

t ob1l use , Ues 1 . 99 0~079 
Other equi ent u e 0. 005 
Hired uJ. gl 0 . 138 

iscell.eeou 0. 001 

Total $0. 790 

Lr.b.e aTerage co t of hired h uJ.ing was 32.6 e nts per 
100 pounds hired hauled. 

lJnderweod, Y. L . Flue Cu.red lJ'obar.co h .rm .Manage12eut . Va . 
Agr1. lilxpt. Sta . Bull. 64. P• 5s, (1939) . 

' . "' \Jl 
I 
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acre , this was a net ooet of ~19 . 75 per one hundred pounds to-

bacco sold . The average price r ecei ved for all tobacco sold 

wa.a •13 .67 l eaving ' a net loss of $39.0l per acre or $6. 08 per 

on hundred pounds . 

The largest singl e item in the cost of production was 

labor, which amounted to about 44 days per acre and const1tl1ted 

alight ly more t han two.-thirds of the total cost . The average 

value of l abor used in producing tobaoco waa $0 . 197 per hour . 

However , the ma jor portion of t h is labor d i d not represent a 

cash cost , since it was the time spent by farm operat.ors , crop-

pers, and u~pa1d members of their fo.m111es . The return to t)ay 

for l abor, bove a11 ·other costs , averaged -$0 . 108 per hour . 

Ho~se and:. mule wor k ave.raged. 85 . 5, hours per acre, at a. 

coat of $0 .11 per hour. Mor than two- thirds of th1a was used 

1n growi ng the to t>a.cco to harvest time . Other power and equip-

ment use combined averaged $3. 75 per a.ere, or 2 ~ 9% of the 

total cost . 

About three- eighths of the total labor on tobacco was 

spent in conducting the operations required for growing the 

crop, one- s ixth wae for harvesting, one- s1xth for curing, and 

a little more than one-fourth for mar ket i ng . Labor constitu-

ted about three- fifths of the growing costs , 85% of the 

harvesting costs; 57% of curing costs, and about f our- fifths 

of the coats of mar;ket1ng •. 

Of the total cost of growing tobacco to harvest t1me, . 
averaging $55 . 84 per acre, commercial fertilizer constituted 
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16. 2%. Total fertility costs, including oommere1al fertilizer , 

barnyard manure, and costs of producing cover and green manure 

crops for tobacco averaged $9. 96 per acre of tobaoco, or 17. 8% 

ot the growing cost of harvest time . 

Other important items of cost were wood, land and 
I 

building use, and interest . The use of wood averaged 2 cords 

per acre, a t a cost of $2. 58 per cord . Land and building use 

averaged $8.08 per aore and constituted 6 . 4% of the total cost 

ot production. Interest charges .on costs and on harvested 

tobacco until date of sale averaged #3 . 40 per acre, or 2. 7% 

o:f the total cost . 

Growing costs -account d for 43.8%; harvesting costs , 

12. 8%; c~1ng l9 . 9%J and marketi.ns , 23 .• ~% of the total cost 

of productionC28) . 

Ta.bl xx, pag 38, g ives summary o'f costs and returns 

in produo1ng tobacco< 46} • . 
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Table XX s d return 1n producing t baec 

Averag per acre 
Item Perce t 

ot total 

Growi 
labor, hours 

l:lora r mule work, ho a 
ctor uae, hours 

Truck e , miles 
Pl t bed cloth 
Other equi ~nt 
Seed and pl ta 
Fe~t111zer , poun~ 

ur , po d 
Cover c:rop 
Sp y end du · 
In ur ce 
Interest 
Landu e 

Tot l 

Hanest g: 
Man labor, hours 
Horse or mule work, hour 
Ot er equipne t 
Int r 
Ot er h rTesting co ts 

tal 

g costs 

otal 

M.arketi g: 
Man labor , hour 
Hor e or mule work, hour 
Truck u • mile 
Aut bile use , 11 a 
Ot er equi ent 

1 d h uling , pounds 
storage building u 
Int rest on tobacco 
Stovewood, cord 
Other mar ting co ts 

Total 

SUmmary: 
labor, hours 

or or mule work, hours 
'l'!'actor use , hours 
TrUck u e , mile 
Aut obile us , .miles 
Us of other equi nt 
<:i ed and pl ts 
Fertilizer,. Jl und 
! ure, po d 
COTftr crop 
Spray and du t 
curing od , cord 
Stov od, cords 
Land use 
Building use 
Insurenoe 
In.tere t 
Hired h uli g 
Miscelleneou 

Total , all costs 
Credit for tem • po d 

et costs 
Toba.c o sal s, pounds 

et losa 

tity V ue 

169. 00 
58ol0 

0 . 04 
0 .02 

88 0 0 
2'12o 0 

'11. 5 
l'lol 

. 90 

126.00 
10030 
3 . 00 

l2o80 

438060 
85050 

Oo04 
3 . 02 

12080 

a.so 
2'12o90 

1. 90 
0. 10 

214.10 

641. 40 

$330'18 
6. 68 

:Oo03 

Oo38 
0 . 99 
Ool3 
9 o0'1 
0.71 
0. 1 
0. 02 
Oo06 
l . 57 
2o26 

60o5 
l2o0 

Oo'I 
i .s 
Oo2 

16. 2 
1 .3 
Oo3 

55084 100. 0 

13086 
l . '13 

. Oo21 
Oo 
0 111 21 

85o4 
1006 
103 
1.4 
1 .3 

$16024 100.0 

14045 
1 , 30 
4. 2 
4. 87 
0 ,.35 
o.o 

57ol 
5. 1 

1609 
19o2 

1. 
0 . 3 

25033 100. 0 

24013 
Oo96 
o.1e 
Oo51 
Ool'l 
Oo89 
1. 54 
1026 
0 . 30 
0 . 01 

024 
9o 7 
o.oo 
Ool 
Oo51 
3 o03 
0 . 13 
9 . 07 
0 . '11 
o. 
Oo02 
4 08'1 
0. 30 
2. 26 
5o82 
o.oo 
3 . 40 
o.e9 
0 . 2 

$12'1o36 
o. 65 

80e6 
3 o2 
o.6 
i . '1 
o.s 
3 o0 
5ol 
4 o2 
l .O 

0. 1 
0. 4 
2o4 
0. 1 
'lel o.e 
c.1 
s.a 
0.2 
1.8 
496 
0.1 
20'1 
0 . '1 
0. 2 

lOOoO 

Underwood., 1. L. nue Cured. Tobacee Jan Manageaent. Ya . 
Acrl• Exp\. Sta. lull. 64. P• 67, (1939). 
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a;rowipg 'f'oba.coQ as e. SOUNa of" Nicotine 

:fntroduction 

Nicotine ·ha.a l011g been used as an insectleide . At 

present approximately a million pounds of the alkaloid are 

produced annually in the U-.s., the product being marketed 

chiefly in the form of nicotine a·ulfate . Up to the present the 

supply of nicotine MJ3 been derived. almost entirely from 

byproducts of tobaco·o manufactures, pa.l'.'t1cularly stems, leaf 

scrap, and clippings, a.nd from low grade or damaged leaf' poor-

ly suited fol:' the manufacture of tobacco products a.nd there-

fore commanding very low pr 1ces . In v.1ew: Of t he fact that 1n 

recent yes.rs there has 'been a :marked increase !n demand tor 

n1oot1ne as an 1nseot1c1de, 1t has seemed desirable to study 

experimentally the pos.s1bil1t1es in growing tobaoco primarily 

for extraction of n1cot1ne< 14) . 

The tobacco crop or this country as now .grown is esti -

mated to contain an average of' 2. 5 to 3 . 0 per cent nieotine 

(in the leaf). a.nd the average yield of leaf is a.bout eight 

hundred pounds per a.ere . Because ot the woody character or 
the stalks , their content of nicotine 1s too low to justify 

their utilization for extra.ot1on purposes , but this does not 
' exclude their use 1n a dust made from grinding the tobaeoo . 

fhe upper range in nicotine content o'!' the leaf , which is · 
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climate for obtaining very high nicotine production. During 

th.1s inte rval ., reported. results of experiments with N •. ruatioa 

1n western New York Stat , indicated a yield of one hundred to 

one hundred fifty pounds of nicotine per aare <14>. 
l?resent oommarcia.l tobacco culture is sharply local-

ized . However , the tobacco plant can be readily grown under 

a very wide r ange of soil and cl1ma.tic oonditlona if the qual -

ity or the product is ignored, so tha1;. cultur for 1nseot1o1da.l 

purposes need not be restx•ioted to present tobacco producing 

areas . On the other hand , environment is an important factor 

affecting the quant ity of nicotine formed in the plant< 14>. 
Available information ·shows that thi-ee major factors 

or groups: of factors · influence the tonnage of dry matter pro-

duced per acre and the nicotine content of tobaooo< 14): 

1 . The speo1es, variety, and strain used; 

2 . the environment in wh1oh the plant is grown, 

primarily the conditions of so11 and el1mate; 

3. the o':11tural, curing, and handling methods em-

ployed ae e . g . , time -of transplanting and 

harv sting , spacing of plants, topping, and 

suck ring operations . 
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Helat1v Efficiencies of SE cies, Var1et1 s, and 
• . u 

Strains for Produot1on of Nicotine 

Th r ar m ny specie of Nicot i n , but only two hav 

the growth ch racter1 tics and content of nicotine t hat would 

justify oons1derat1on for pres nt purposes , nam ly, N. ta.bac.um, 

which 1s the ordinary tobaoco of commerce, and N. rustio;a , also 

ut111zed for production of smoking and chewing tobaccos 1n 

c rtain for 1gn countries ( 15) •. 

Although from th earl ier observations N. rust1oa was 

known to contain as a rUle a 'high r percentage of n1oot1ne , 

because of its relatively small size, as: compar d w1th most 

var1at1es of H· taba.oum ~ there remained a question wh ther it . 

would consistently give higher yields of nicotine per acre . 

Systematic tests ere therefor conducted to determine which 

would produce the greatest amount of n1cot1ne wh n grown under 

th aa.me cond1t1one at different locat ons . In table XXI, page 

43, 1t 1s evident that N. rust1ca has usually produced a m ah 

higher yield of n1oot1ne per a.ore than ordinary tobaooo . For 

reasons that were not d finitely determined, th growt,h ·of 

N. rust1oa at Lakin, West Virginia , was unsatisfactory , except 

in 1938 , resulting 1n a low y1 ld of nicotine . At the other 

locations the niootin produced by N. vustica, in pounds per 

acre , was almost double that obtained from ordinary tobacco ~ 

However, where temperature , soil conditions and pests appear t o 



ed produc-tio 
a.d1C!on, is •• 

Yield p r aor (20 .. 1?r'Jd'1etion of nico-ua s: oist\U'e tine per nere 0 0 

if to ti on YoQI' • d' 
t.:e. 

N .. rustica Ordinary • • '""'( tobQCCO tobacco .. 
:! c.. 
0 • Po da Pound Pe.i.: c t Pero t Pounds Pounds • .,,. ~ 19Z-i 2. 144 2 ,.945 . ~ .97 2. 45 149.5 '12. 2 .... . 
is • 

~vi~, Calit. 3 , 468 2, 500 5., 8 3 . 68 198. 2 92. 0 • . r 3 , 0lO 2, 859 :5. 55 3 •. 72 157. o 106. 4 ;t 0 
•i:t Av rage 2,001 2 , 768 &. 07 3 . 28 l'll. 6 90. 2 ... 
~ (') I .... . l9C4 "' , 09 1 , 396 3 ,.37 3~13 104, 5 43. 7 .i:--• VI llil 3 .. 513 1 , 156 4~.30 2. 62 151. o 30 I .... . .. a.di 1 • l t 2o l , 244 3,,02 2.10 49. l 26.J. ~g • 2. 891 l ,168 5~37 4 .. 51 160. 0 52. '1 
~- ~ 3. 29 l , 692 2~eo 2a69 101. 6 45et r 
~ -· "AYerage 2, 969 l , 331 · 3 o7'1 3 . 01 113. 2 59o7 · ~ O. • 
I\) 1934 1 , 111 2,~98 3 . 3'1 4. 02 36. l 108. 5 Otl • • 1935 l , 088 l,220 3 . 46 2.as 7 1) 7 35. l 
~~ in , • v • 1936 l , Z79 1 , 781 3. 63 3 . 93 50. 0 '10,.0 0 1937 1 , 3 3 ,010 4 . 3'1 3. 13 59. 4 94. 2 ..... ? .... l 38 ·, 150 2, 263 3 . 42 2. 6 142, l 60. 9 ~i . r.J Av, rag 1 , 817 2, 194 3 . 65 3. 33 65. 1 "13.,, -~ 
~~ 1934 2,317 2, 787 '1 . 03 3 . 19 162. 9 89. 2 t;g - Arlingt arm, va·. 1935 5 , 472 2 , 671 . 68 4, 59 197. l 122. 6 • tD 1936 s . 365 2, 664 4 . '1ts 4. 47 254. '1 119. 2 ·• 

p 
Average 3 , 718 2 , 70"1 5 . 8.2 4. 08 204. 9 110. Z 
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int r fere with the growth of N. rust1ca the tobacco does not 

always double the quantity of nicotine . This was usually the 

result of a higher nicotine content , although in some instances 

a.n increased tonnage of dry matter is the chief factor . It ls 

surprising that N. rustica., which is a much smaller plant than 

.N. ta'ba.cum, was a.bl ·to produce in many instances a larger 

'amount of dry matter than ordinary tobacco . some of the dif-

fer nee 1s due to the inclusion of the stalk 1n the N. r\lstlca. 

yields, wh reaa weights shown t'or ordinary tobacco represent 

only the leaf, but th greater a.mount wa.e d.ue to the increased 

thickness and weight per unit area of the N. rust1ca 1 r(l5) . 

In add1t1on to 1ts practical importance, the possib111ty 

of further incroos1 r nicotine yields fr.om N. rust1ca 1s a 

m tter of some theoretical 1n~erest. The principal avenue of 

approach appears to be 1n greater yields per acre of dry ma.te-

r1al . This might be accomplished by producing strains of 

N. rust1ca with larger leave , by 1noreas1ng the th1ckn sa or 

density of the leaves, or by obtaining oomb:tnat1ons of' the.se 

with an incr ased number ot leaveaCl5) . 

Effect of Cultural l-iethods on Nicotine Yi lda 

The use of' suit blg cultural methods often constitute 

the principal means the grower has for b,et tar dapting the to-- . 
baooo l?lant to some particular us ·. This 1s particularly true 
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wh r the production of nicotine is of chi f concern . So 

citltural methods or prooedur s h t ·nay b modified are: 'l'op-

p1ng and suckeri of the plants , s aing 1n the fields, vary-

1 th transpl nting nd h rvest dates, use of irrigation, 

and applying ma.nur sand fert11izers< 16>. 

Oond.1t1ons and Practice '.for Grow'in,g nd, 

Handlin~ H1gh- N1oot n Tobacco 

In o:rd r to produc a crop that will yi ld larg quan-

t1 t1es of nicotine per acre 1t is important· to g iv cloee 

attention" to cer-itain d tails., As the N. · ruat1ca. species pro ... 

duo s muoh high r yi lda Of nicotine than ord nary tobacco 

und r suitable oond1t ona , the requ1:r" mente; for gr"owing th1s 

species to best a.dvan g , which differ somewhat from thos 

of ordinary tobacco , should be th principal oonoid ration. 

N. rust1ca w 11 not produce maximum quantities of nicotine if 

t is allo ,.re:d to bacom stunte e'ren tor compar t1v ly snort 

p riods dur1 the s edling or later growth stag s . It 1 

ther f oro important to transplant promptly from tho a ed'be 

as soon ae the plants attain sufficient aiz • Tra.nspla._nt ing 

to t~ f 1eld as soon as danger of frost 1a past 1e also recom-

m nded\ as thio . sp~ci a.make the bast growth during cool 

moist periods, such as are com only prevalent early in the 
. , 

sea. on(l7) . 
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Use of a vigorously growi ng strain of N. rust1ca that 

does not ma.tur too rapidly is another importa.nt point in grow-

ing this plant for profitable production of niootin • Although 

th plant! di tance in the f1 ld required for b et r sults 

ay v ry som what, depending upon condit i ons , as a rule a d1s-

tanc of 15 to 18 inch s in row 30 to 36 inch a apart will 

g i ve satisf'aotory reaul ts ( 17) . 

Topping and suckering are opera.t ions of th ut most i m-

portance i f maximum yields of nicotine ar to be obtained . 

suckering s ould begin even prior t o topping in ord r to -n-

co ag leaf d velopment . Hard and fast rules cannot be given 

in regard to he.ight of' topping . Thar 
.~ 

app ars to b no con-

s1atent a vantage for low t opping over hi gh topping but it is 

v1d~nt that toppino of som kind 1s absolut ly l oossa y f 

good yi lds o · nicotin ar t o be obtai n d . h sucke s 01 

lat ral branches should b ramov d aft r topping at r g a r 

1nt r val s of 7 t o 10 clays fo the firs t two or thr e opera-

tions, aft l ... which t intervals may be som what l onger (l 7 • 

ossibly the most important consider ation r latlve to 

building up a high cont nt of nicotine in • rustioa is that 

t he plants should · allowed to rem i n in the fie l d for as 

lone; a time a possibl e · up to 60 days after topp rig- provi ded 

t here a.re no serious losses of the lower l eaves by 6. ying or 

di ease (l7 ) . . .... ; 

To avo1d important los e of nicotine th curing or 

drying p ocasa should b as r pi d as pos ible n a ould take 
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place under conditions that will prevent leaching of the dried 

or partially dried material by rain or water from other sources . 

Once the crop is dry it 111 keep for a considerable period 

wi t hout much loss of nicotine if the moisture content does not 

again become high as a result of h i gh atmospheric humid ity or 

other conditions . The crop possibly could be baled in the same 

manner as hay , but the moisture contained 1n the leaf at the 

time of bal1n:; or packing must be low to avoid fermentation . 

Important losses of nicotine may be expected if ther is any 

considerable fermentation at a.ny stage of curing or drying(l 7) . 

The coat of Growing N. Rust1ca as a § Ou.roe of Nicotine 

In the small plantings used in the present studies 

concerning the quantity of n1cot1ne produced by N .. ruatica 1t 

has not been possible to obtain accurate data. on the labor 

requirements for growing the crop. As the number of plants 

grown per ere is essentially the same as in the case of th 

burley type of tobacco, the labor requirement surveys that 

have been made for the latter should be more or less appli-

cable to N. rustics. with respect to most of the important 

cultural operations . One group of operation$, however, would 

not be the same, ru,.meJ.y,, ~opping, wor i:ns , suckering and spray-

ing or dusting . This complex item would correspond more nearly 

to the requirements for dark- fired tobacco except that., 
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sine ther r~ ? roxim~t ly tT-tice the num er of pl n s er 

ere, , this figur would ne d to be doubled. F13uree for the 

s veral ma.1or op rA.t1ons, d riv d 1n t h1 r'my fro aurvGys of 

1 bor requ1remen a th.~t hav b o n 'llade in t.1 b l y rea and 

t o d r 'k-fir qrea of !' tuoky, · r hown 1n t bl XII, · pag 

49ClB)(l9) . It is ev d nt th t 1ne per1 nee labor orrl1nar1ly 

could not coom lish the neo s ary operations in the time 1n-

dioated . Th . f i gur s do not 1nclud any other item 0 00 t 

1n pro uc1ng th orop• suoh a rent o the l and, dry eds , 

a. d th cost Of a.rket1 • '\nd th f 1gur'3S y exp ct d, I 

also · to vary co a1dera.bly in if f r nt loeali.t1 s( l 8) . 

\. 



Tabl XXII .Approx . ate hours ot man lo.bor d horse work required for producing an ere of N. ruatica 
tobacco and their distribution between the principal operations of culture , on the b sis of require-

ents tor growing burley d ark-fired tob cco 1n Ke tuclcy' 

Oper tioa 

Plant bed 
Field preparatio 
Tran p1 ting 
CUltivating with plow 
CUl.tivating with hoe 
Topping, wo 1ng, suckering, d spraying or du ting 
cutting and housing 
CUring 

Total 
. . . 

Average AYerage 
labor horse work 

ours 
l'l 
19 
31 
13 
24 

108 
58 
1 

2'11 

Hours 
5 

38 
10 
15 

22 

90 

llcMurtrey., J.E • • Bacon, C. W., and Ready , D. Growi:n.g 'l'obacco as a Source of 
Nicotine. u.s.D.A. Tech. :Bull. S20. P• 36-37, (1942). 

I 
~ 

'° I 
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N1ootin I nseot1o1des 

N ed For f:fect1ve Inaect1c1des . The seriouenesa of. in-

sect pests was realized. quite some tiie ago by the country a.t 

large . Thia w 

suoh pests 

due largely to the tremendoua devestation of 

the Japan se beetl , which mad 1ta ppearanc 

in N w Jersey in 1916. ~h 1naeotio1d anuf cturer mad con-

s1 eraole progr s in the commercial production o~ high quality 

1nsect1c1des, nd (Srowe:rs all over the country rapidly replaced 

their crude hom made material, which consisted in most cases of 

aom form of n1cot1n pray or d.ust, with commercial products , 

which are:chemioally controlled, uniform:producta(lO) . Lead 

ara nate was used by all fruit growers as an 1nsect1c1de until 

the yea.r 1926 . Howev r, people objected to the arsen1cal resi-

due left on the fruits after it had dr1ed< 47) . Th following 

season many araenieal 1nsect1a1dea were studied anew , and 

many new insect1o1des were developed(6) . This oaus d the r -

birth of the use of nicotine sulfate . 

The Structure and ~roperties of N1oot_1ne . N1oot1ne, the 

alkaloid of tobacco , is one of the simplest of the alkaloids . 

It is a t rtiary secondary base containing a pyridine ring and 

hydrogenated pyrrote r1ng with a methyl group attached to the 

nitrog n atom( 7). The -st uotura.1 formula for beta- nicotine is 

given as follows: 
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Pure i cot1 o is an oily liquid and one of the most 

deadly poisons P'Jio m . Chemically, it 1e a weuk ba.se, uni tit 

with aoids to form salts . It 1s therefore possible o obtaln a 

gr a.t many d1ff -rent compounds of niootin , and it 1s i•ensone.bl 

to suppose that ~ome of the se may be more toxic to 1naects than 

others . In experiment , however, noth1ng has be n ound to be 

decidedly superior to- n1oot1ne 1tsel.f . Nicotine hua been co -

bin d in the th 6ret1oally proper proportions with tho fol low-

i ng acids: acetic , boric, e.rbolic , er sylic, formic, dro-

ehlor1c, h.ydroeyanio, hydrotluori.o, ole1c, salicylic , stea.1~10 , 

and tartar c . Of thee compounda none ha.a shc:fn pos1t1ve 

superiority over n1oot1ne it e1r<22>. 
Q~term1nation of the Nioot1ne 1.n the Tobac.co . The do-

t erm1nat1on consists essentially of ateam~dist1111ng the nico-

tine into an acid solution and then prec p1tat1ng th nicotine 

by adding a111ootungatic aci d . The foll owing method may be 

used for determining the nicotine content of either tob coo 

leaves or of n1cot1ne inaect1oides(l) (3) . 

or the determ1.ne:t16n. use a sample that contains f r om 

5 to 10 mg . of the nicot1ne .. We1gh th1s , ;.then cover tha s~mple 
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with 2 or 3 rnl . of wat.cr . Now add two drops of ph nol phthaJ. -

e1n. Next , dd in excess 40% solution of sod i um hydrox1d~ . 

Steam is passed into the flask i:i.nd is kept at a pr aeure ·Of 1 . 5 

to 2 fe t of w~t r . 

The b a.lrer used ta receive the distillate must contain 

3 ?::l l. of hydro hl r1o a.e1d {l-4) and 5 ml .. of water . The d1a-

t111at1on is continu.l?d for }0 minutes an 100 •. 1. of the dis-

t ill te. is collected. 

To precip1t. t.e the nicotine, 1 ml. of $1l 1cotungatic 

a .id ( 12% sol tion} 1s us f or ea.ch 10 mg. of nicotine or 

less . Aft e r th . pr oip1t tion, th covE:it•ed e mples are tre ted 

with hGat over E steam bath f ·or 15 minut s and th n cooled 

slowly to ,.ro rn t~mperatur and m .. 1.nt 1neq ~t o0o .. overnight . 
1rhe preo1pit'a.te 1a filtered throur.1'.h o. s . & s . No. 5 9 , white 

ribbon filter paper and washed with 100 t o 200 1 . or hydro-

ehlori c a,o1d ( 1 - 2000 ) . 

Transfe r t h paper and pr e o1p1tate to a we i ghed cruci-

bl e a,nd heat. t h1s for seven minute s at a temperature of 960°F. or 

until all the aarben 1s destrGyed . Then the crucible is heated 

over a 1reelu or Meeker bur n r for not mor e than 10 minutes . 

The w,,1ght cf the residue multiplied by 0 .114 will g1ve the 

we i ght of' the nicotine present in the sample . 

Nicotine Sulfate as an Inaecticid~ . Nicotine sulfate is 

the most extene.1 vely use.d of a ll the n icotine compounds . !t is 

us d by florists and greenhouse men for spraying and fumiga-

tion. In ani mal husbandry, it is used extensively for dipping 
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oattle for soab- mit , 11oe , and sheep- tick . In th poultry 

field , n1cot1ne 1s used for internal para.site control and for 

fighting body lice and mites . In the t ruck garden1ng f i eld , 

appl1cat1on as a spray or in d~st form is quit wid for the 

control of many in ecta . It is used extensive y in connection 

with commercial fruit growing 8) . • 
SimilaritI of the Sultat and the Chlor1d • The hydro-

g~n chloride and the hydrogen sulfate radical will both attach 

th mselves onto th n1cot1ne formul a. in the same manner and 

position. The two compounds bein5 similar i n prop rties is t he 

reason that the . chloride will b equal or ev n bett r as an 

ins.eot ioi.da than the -sulfat fl2 ) " Crawley( B) prov d th l at.ter 

a Duet Insecticid 

a ides are usually appl ied either a s a dust or as a s.pr ay . An 

1nseot1cide dust has several advantages over a iquid pray . 

It can e applie rnuoh morae easily a nd qulcl<ly than a spray., ., 
a.nd a dust hopper can be refilled in m.uah le s time t la.n a 

spray tank . The dus t part1cl s reach more inaeot.s t'1a t.1e 

spray, particularly on the under sid or in cu l d av a . 

Pow r dusters . cost less than power sprayers, while hind du t -
ers a re eas ier to carry and to op rate t han hand sprayers . 

Usually much leas than 100 pounds of duet is r equir d to cover 

an aore , wnil e to apray'the same ar a requires at least l 

gallons, weighing at lea.st 800 pounds; on t.his a. count du.stars 

can be operated on wet ground and 111 a1des 1naoc asibl to 
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spra.yers e For spraying with nicotine sulfate, a soap spreader 

is requlred , and the whale oil or fish oil commonly used must 

be heated ·to diseolve 1.t, which causes delay and 1s a. disa.gree-

a.ole task avoided when the duet 1s used(5) . 

~i::o12ert1ea of an lp.se,otio1da.l Dust . In order tor 1n-

sect1eida.l dust to be e:rteotive, 1t must be finely powdered . 

At lea.et 50% to 75~ of the dust must pa.es a )00 mesh sieve . 

It must possess adhesive qualities'* In the case ot nicotine 

1naeot1cide, the dust must contain between 0 . 05 and 0 . 06% nio-

ot1.ne . The nicotine is a.1ways present in the form of a salt(8). 

D1$advanta.5es or Nioot1ne Duste . Nicotine dusts so f'ar 

used consist of a :mixture of ··n1cot t ne aul fate and some dust 

as i:mwder~d .fullers earth, kaolin, hydrated 11me • caleium 

carbonate ., gypsum, suli'ur, or other absorbent material .. Th.e,se 

dust$ have all proven more or less unstable and must be used 

soon after they are made ~ MoDonnell(l3 ) found that the fac-

tors influencing the loes of n1cotine from the dusts were pr1n• 

cipally the ph.ysiea.l and chemical nature of the absorbent used 

and the conta.1ner in which the dusts were stored . Obviously , 

then,, tha consumer may unknowingly use a worthless product . 

How the Dust Act$ . The nicotine dust, in which the 

nicotine is present in tbe form of a salt, can be made much 

more powerful by a.dd.ing hydrated. lime . When the dust becomes 

wet with dew, the l;ime and~ n1aot1ne sulfate or hydrochloride 

react 'to form the chla.ride or sulfate of lime and fx>ee nioo-

tine . This free n1cot1ne is much more e'.ffective in kill ing 
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insects than is nicotine in th salt form(S) . 

The me.1n object to be kept in mind is to produoe the 

most powerful dust possible with the minimum amount of nicotin • 

The toxic strength of the dust is influenced both by th form 

and amount of nieot ne used and the nature of the filler. Two 

alternatives are presented in ut1l1z1ng a given a.mount of 

n1cotin <23> . 
1. To make the dust of such a nature that the 

n1cot1ne will be as volatile as possible end th 

maximum a:mount lo g1 ven off in the minimum of 

tirn • T means,. ot ooure , that the dust will 

lose 1tti et'f1Qiency very soon ·a.rtar application. 

:2 . To make ' the nicotine less V()lat1le' so that the 

dust till ct more slo ly but for a . longer ttm . 

Chem~eal N~ture of the Filie~ 

Effect on N1oot1nEh When nicotine sulfate is mixed with 

koal1n or any other inert material the nioot1ne remains 1n the 

form of n1oot1ne sulfate. When hydrated or qu1ok l1me 1s used , 

however, a reaction take place fo~1ng sulfate of lime and 

fr e nicotine . The latter is more volatile than nicotine sul-

fate a nd for this reae-on dust made w1th , quick lime or hy'dra:ted 

lime is more powerful for the same amount of any dust made 
' ~ 

w1 th an:y inert filler ( 24 ) • 
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Drying Effect of the Filler. It ls possible to use as 

the f 1ller so.me materials, such as quick l .1me, which combine 

chemically with water as well as s1.mply absorbing it . This 1s 

a great advantage in making n1oot1ne dustC24). 

Irr1tat1;ng or Burning Effect of the Filler. oth1ng 

should be used as the filler which might possibly cause 

injury to animal or vegetable 11re< 24 >. 

FA.vsical Ne.t~re of the Filler 

Fineness . The· more f1hely divided the filler the better 

dust it lf;'ill make . It will blow and stiok better and thus the 

nicotine will be brought more closely into contact with the 

inseets< 25). 

Weight. At first thought a light, bulky material would 

seem the best for dusting, but this 1.s only partially true. To 

some extent at least a fairly heavy material 1s desirable 

because it can be blown into thiok vegetation with more force 

than a very light mater1al (25). 

Dr4~ess. It 1s very desirable that the filler be aa 

dry as possible before adding the n1oot1ne( 25). 

Absorpt1veness. Experience has indicated that nicotine 

is more freely g1v~n off ~rom materiala which do not absorb it 

readily and that fillers' of the latter class therefore produce , 

a quicker acting dust , which seems to be 'best ( 25). 
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Materials Which Have Been Used as lllers 

Ka.oline. It is a white , soft, e~tremely fine substance , 

of rather light weight, quite absorpt1ve of moist ure, and 

drying into soft, chalky , ea sily pulverized lumps. It is tree 

from chemical effects, and forms in many r e spects an ideal 

f1ller( 26}. 

Hydrated J.,1me. Its absorptive , blowing, and at;oking 

qualities a r e excellent . It r eacts With n1cot1ne sulfate, 

forming free nicotine. The chief objection to hydrated lime 

is the 1rr1tat1ng effect wh1eh it has on the skin and eyes Of 
the operator< 26). , 

9u1ck Lime. u1ck lime takes up a large amount of 

moisture in slaking or hydrating , This 1s a grea t advantage 

1n making nicotine dust . The di sadvantage of quick lime is 

the heat wh1oh 1.s generated in the r eaction, causing t he loss 

ot aome of the n1oot1neC26). 

Lime . Carbona t e •. Th1a 1a available in various f or ms 

suoh a s a1.r-slaked 11r.i e, r efuse sugar beet lime, eto. When 

dried and f1nely pUlver1zed such mat erials make a very 

sa tisfactory filler. They have no effect upon n1oot1ne sul-

phate( 26). 

G£EBwn-Plaster. Al} forms of gypsum and plaster are 
- - - . ~ - - - ' - (' 

heavier and not so dusty a s kaolin. They are a l so apt to be 

coarser unless reground . The various bu1ld1ng plast ers, 'rrom 
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which a portion of the wat er has been removed by heating, act 

a.s dr1ers and do not p:roduce heat . They have the disadvantage 

of forming hard lumps in drying . None of t he materi als men-

tioned r eact with nicotine sulf te(26} . 

D1~tomacaou!. Ea.rtb . This 1a extremely light and ab-' ( ' 

aorptlve material, but it does not form a good dust. It tends 

to cllng to8ether 1n flakes and particles . Its great absorp-

tiveness seems to be a. disadvantage rather than an advantage; 

since t he nicotine is not g iven up freely and quickly• as ls 

most desirable ( 26). 

Talo .• When thoroughly pulverized it makes $. very good 

dust and at1oks well . I't does not react wi:th nicotine sulfate 
(26) 

• 

Sulfur. Sulfur 1s ~~•quently added to n1oot1ne dust on 

a.coount of 1t,s value as an .1nsectie1de or :fung1o1d.e, rather 

than simply as a mecha.n1cal earrier. In the l atter capaeit7 

it 1s heavy nonabsorptive and rather expens1ve . How ver, when 

mixed with-sulfur a given amount of niootine 1a more efteot1ve 

against insect• than with any of the other :fillers mentioned . 

This may be due to tne fact that sulfur, being a. poor absorb-

ent , gives o.rr the n1cot1ne more rapidly than do some ext the 

other mat er .1a.ls. Only t he finest grade ot sulfur should be 

used< 20>. 
Tobacco Due_t. -Whert well ground ,this is a very ab-

sorptive material and makes a good dust . Tobacco dusts a.ct 
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more slowly than nicotine dusts conta1n1ng the same amount ot 
nioot1ne ( 26) . 

Methods ot. )i>re:pl;l,ra.t1on. Greever( 9) p;repared nicot i ne 

hydrochloride using hydrooh.lo~1c a.oid .. "The leaves were ground 

lnto particles t he size ot salt erystal,a. Th1s gives the a¢id 

a better chance to react with the tobacco,. thus fo rming nico ... 

tine hydroehlor.1de. Mt&r enough water had be-en added to dilute 

the aoid t o 36. 0 per eent , a 1000 11ter round bottom flask was 

filled about halt way . Flenty of room was left for ag1tat1on of 

the mixture. This m1xture wa:e allowed. to set for a week or ten 

days with oooa ss1ona.l shaking to aid the reaction. At the end ot 
. .. . 

this time a complete r eaction had taken place 1n the flask . 

The: mixture was t1ltel"ed and t he residual tobaooo powder 

was l eft in t he filter paper and discarded. The liquid was a 

oonoentrated solut ion of nioot1ne hydrQgen ohlor1de. Th1s liq• 

uid was plaoed in a l a rge bea ker and st eam distilled until an 

ailmost pur e solution of the n1cot1ne hydrochloride had re-

aulted." 

Cra.wley(8) prepared nicot i ne hydrochloride using HOl 

gas. The f Ollow1ng procedure wa.s usecl : 

Ga.ss1ns of the Tobacco ." The tobacco sampl e s to be gass ed 

were placed 1ns1de the gas chamber on a tr y made of one- tourth 

1noh mesh w1re screen. Aft er fastening the t .op s ecurely on t he 

chamber, the gas generator was started and t he hydrogen chloride 

gas was passed into th,e chamber . An efforf, wa.a at f irat ma.de to 
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ma.1nta1n a 0 as pressure of about. t 10 in h s of w~1t r in the 

chamber, but this w s later found to be unnec s ary . All that 

was n cesaar-1 was to ~. 1nta1n a slight pr ssure to b cert 1n 

that the cha. n.b r was full of 

sugge ted by Land(ll) , 100% 

he gas throughout the run. As 

as was use n treating the to-

bacco . The ga.s was taken dir otly from the gena1 .. ator wi.thout 

p ss1ng it thro h a metering devio • 

Pr naration of the Du.t . Aft .r the tobacco was treated 

w1th hydrog<m chlori de gas to fo r m nicotine hydrochlorid , the 

material w ... round 1n a.n ordinary meat chopper. The resulting 

tobacco as pl aced in a ball mill and w a pulverized until the 

duat wa tine enough for · a.t lea.st 50% to pass a 200 mes ... 1 sieve·. 

The dust ~m.s t hen ready for applicatlon a.s an 1nseotic1da•. 

Prepara·~on or sampl s to~ Analys1a . · In order to deter-

mine the per cGnt nicotin activated by the B asing , it waa 

n oess ry to f1rat eep rate the ct1vated nicotine. or n1oo• 

tine hydrochloride • from the pure nic,ot1ne. his separat1on 

was based on the d1fference in solubilities of the two sub• 

ate.noes . The samples to be analyzed ,. re irst g round 1n a 

mortar and. 1ere then placed 1n a large f1lter1 ~ funnel fitted 

w!th ordinary filter paper, The tobacoo was the~1 w shed with 

water at a temperature betwe n 90 and lOO°F ., until no pr -

cip1tat1on was obtained when a portion of the filtrate was 

treated with sil1ootu st.1c e.c1d . The n1oot1n hydrochloride 

was w shed out 'ot t he_ sample, l eaving the nicotine . The 
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a lysi for th unr-acted nicot1n was the standard A. O. A. o. 
eilotungatic acid method of anal ysi s , as al.ready given in the 

r vie / of 11t ratur ." 
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I I I • EXPERUl!EN'l' AL 

Purpose of the Stud:[ 

Th1s study was undert ken f or the following reasons : 

l. Nicotine o.nd 1ta compounds have long been uaed a.a 

1nseetia1des, and a.re in great demand at the present . 

2. Tobacco, the source of n1oot1ne, is such a valuable 

commodity that only waste has been used as a source 

of nicotine for years . 

3. N. rust1ca. tab cum, ·a species of tobacco, has high 

~1oot.1lie content, and has been ,grown und r climate 

and env1ronment suitable for other types of tobacco . 

The purpose of the 1nvest1 a.tion 1a as follows: 

l . Preparation of a nicotine hydrochloride dust 1nseot1-

o1de from th entire tobacco plant . 

2 . To make a study of the oosts of cultivating flu 

cured tobacco and the costs of cultivating tobacco 

that could be used for the preparation or the dust . 

3 . To .determine the price at wh1oh the tobacco farmer 

could sell high nicotine cont nt tobacco and still 

make the profit he reali.zea from t he cultivation of 

the flue qured. tobacco . 
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Plan of Investigation 

This investigation will be oondu.cted 1n the following 

1 . Revi w of 11teratur 

a .• Costs of growing flue cured tobacco . 

'b . Costa of growing .high nicotine content tobacco . 

o . freparat1on of nicotine dust 1nsect1o1dea . 

2 . Construction of equip ant neoes ary 

a . Equipment for analysis of tobacco to determine 

percentage of niootin present .• 

b. El:lu1p$ent f or the treatm$~t of th tobaooo with 

HCl ga.s to convert tbe n1oot1ne to nicotine 

hydrochlorid • 

3. Collection of op r ting data 

a . Percentage of n1Qotine originall y present in 

tobacco . 

b. Percentage of nicotine present 1n tobacco after 

treatment with HOl gas for speo1f1c intervals ot 
time before gr1nd1ns . 

o . Percentage of nicotine p;resent in tobaoco after. 

treatment with HOl gas for speo1f1c intervals of 

time aft~r .grinding . 

d . Size of particles after grinding in pebble mill 
. ~ , 

using 0 . 5 11 diameter pebbles for apeoifio intervals 
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of time before treatm nt w1th HCl gas . 

e . Size of p~rt1cl s aft er grinding in pebble mill 

using 1 11 d1a.met r pebbles for specific inter-

vals of time before treatment with HCl gas . 

r . Size of part 1olea after grinding in rod mill 

us1ns misc llaneou rods for speo1f 1c inte rvals 

of tim before treatm nt with HCl gas . 

&• Siz o±" particle after gr indi ng 1n Lancaster 

Counterourrent Batch Mixer for apea1f 1o inter -

vals of t1me before treatment with HCl gas . 

b .• Siz of. particles after grinding in pebble m111 

using 0 ~5 " diam t er pebbl S" for specific 1nter-

1 . 

J . 

·al . Of tim be:f ore tr t ment w14 h HCl gas • 

S1z Of particles after grinding 1n pebbl mill 

using l" diamet r p bble for speo1fic inter-

val · of time after tre t ment with HCl gas . 

"'1z of particle after gr1nd1 in rod mill 

uslng m1soellaneou rods for spec1f1o 1nter-

vals of time fter treatment with HOl gas . 

k . Si za of particles aft r e;rindlng in Le.noa ter 

Oountercurrent Batch ~ ixer for spec1f1o inter-

vals of t1 e aft r tr at ent with HOl gas . 

4. Calculation of results 

a . Oost-s ,of growing one acre of flue cured to-

bacco wherever it 1s nee ssary . 
I 

b . Costs of growing one ore of h1sh n1cot1n 

• 
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content tobaeeo . 

c . Th prj.ce pe ... -. pound ~t which a far er would 

have to sell the high nicotin content tobacco 

1n ord r to r alize the profit h makes fro 

the cult i vation of f l ue cured tobacoo . 

d . Percentage of nicotine convert to nicotine 

hydrochloride after t~ea ment with HCl gas for 
I 

specific time intervals . 

e . · ercentage ot particles of a. given slz-- after 

grinding for specific tim& intervals . 

f . The optimum t1me of treatment with HCl gas and 

grindir.ig or oomb1nat1on of the two . 

Mat eris.la 

Sodium Chloride , crystals . Used in gas generator to 

produce HCl gas. Mulkey Salt co . , D tro1t, Michigan. 

Aci,d Sulfuric , A. c. s. Std . , sp . gr . 1 . 84 ., assay 

95-96%, lot No . E- 207018 . Used in gas generator to produce HCl 

gas . J . T. Baker Co . , h1ll1peburg, New Jersey . 

Ao1d Hydrochloric, A. c . s . std • • ep . gr. 1.19, assay 

36 . 1%, lot No . 325460 . Used to prepare solutions of l to 4 
' , 

and 1 to 2000 used 1n d termination of n1cot1ne in tobacco . 

J . 'r. Baker Co . , Phillipsburg, New Jers(iy . 
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Acid S1licotupgst1c, crystals, c. P. Us d to prep re 

12% aqueous solution a analytical reagent in determination 

of nlcotina in tobacco,. Fisher Soient1f1c co . , P1ttsburgb, 

Pennsylvania. 

Sodium Hydroxide, flake, 76% Ns.20, code 2256, lot No . 

vl08J . Used to prepar 40~ aqueous solution used in determi-

nation of nicotine in :tobaooo . General Chemical co ., New York, 

New York . 

Tobacco, scr p , flua-oured, 1946 crop , Used to pr pare 

a nicotine hydrochloride dust 1nseotic1d • Mr , w. L. Bowers . 

Rt . 3, Chase City, V1rg1n1a. 

Paint, Tygon , · cooe No~ TP- 61 Whi·te,·control No . 7154, 

Us d to p_a nt r ··a chamber , top and Shelv;_es to prevent 

corrosion by HCl gas . u. s . Stoneware , Akron, Ohio . 

~, hydrate . Used in analytical determination of 

nicotine 1n tobacco after treatment with HCl gas . btained 

f rom New River Lumber Co ., Blacksburg, Virginia, 

~, Pyrofax , Used as fuel for Bunsen and T1rr111 

burners . 

Wat er, d1etilled. Used to prepare all aqueous 

solutions used in the determination of nicotine in tobacco . 
I 

Phenolphthalein~ Used as indicator in determination 

of nicotine i n tobacco , 

Ammonium yd.rox:i<le,, ' ap. gr . 0 . 601 28% NH3, code 1243 , 

l ot No . 6133 . Uaed t o furnish NHJ • Gener~l Chemica l co.• , 
New York ; New York . 
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Apparatus 

Flask , Pyrex round bottom; 1000 ml . , (one) . Used as 

steam gen retor for an lytica.l determination. of nicotine in 

tobacco. 

Stopper, Rubber, thr - hole, No . 8 , (one) ,. Used as 

top for ste m generator. 

Tubing, Soft gl a ss, 6 mm . inside diameter, 3' long, 

(one) . Used as preasur gag on steam gener tor . 

Flask, Pyrex round bottom, 500 mi ~, (one) . Used as 

distillation flaek for analytical det rminat1on .of n1cot1ne 

in tobacco .. 

s t·opper,:·Rubbert two-hole, No . 6, (one) . Us d a s top 

for d1st1llat1on flask . 

Tra.12 , Kjehda.hl, (on) . Used as liquid trap between 

dist1llat1on flask and condenser 1n analytical equ1pm nt for 

determ1nat1on of nicot1ne in tobacco . 

Cond nser , Glass, water, (one) . Used to cond nae 

distillate 1n t he analytical determination of ni cotine in 

t obacco . 

s toEper, Rubber, one-hole, No . 4; (one) . Used as top 

for condenser. 

Beakers; Pyrex, 150 ml ., (eight ) . Us ed as distillate 

reoe1vers 1n t he analytical dete rmination of nicotine in 

tobaooo . 
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Tubing, Soft gla.S$,. 3 mm. inside diam ter, {various 

lengths) . Used as connections b tween parts of analytical 

apparatu • 

Tubin5, Rubber , (various lengths) . Used as connections 

betw en pr s of analytical apparatus . (See 1gur 1, pag 69) . 

Burner, Bunsen, (on). Used to hea.t water in steam 

generator . 

Burner, T1rr111, (one) . Used to reduce volume of liquid 

in distillation fl sk . 

Tripod, Iron, (one) . Used to hold crucibles whil heat-

ing ~esidu over burner . 

Gauz , W1r , -a.ab stoa center, (one)--·. Used t o hold 

crucibl es while:. heating r s1du over burner • 

B . ker .._ Pyrex , 250 ml . (on) . Ua n ate m bath 1n 

nalytic 1 d termination of nioot1ne in tobncco. 

~olt: , unnel, wooden, (on) . Used to hol d funnel for-

filtr tions in 1yt1cal d term1n t1on of n1 ot1n 1n 

toba.aeo .. 

Funnels, Pyrex, lo 

precipitate in analytical 

stem, (two) . Us d to f lter 

t errain t 1on o n oot1na 1n tobaoao . 

:Paper, Filter, Whatms.n, No. 40, 11 . 0 cm., a.shleas . 

Used to f1lter pr o1p1t t in analyt1oal determ1nat1on of 

rdcot1 e in tobacco .. Manuta.ctured by W. and H. Bolston, Ltd . • 

England .. 
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Dishes, Evaporating, porcel in, Coors, 3" diameter, 

(tour) . Used to hold samples during heating 1n the determ1na-

t on of th moioture content of tobacco . 

Cruc1 bleat .Porcelain, 20 ml . capao1 ty • Coors , (ten) . 

Used to f re sma.ples a.nd to hold samples while re ctton with 

lime was carried out . 

Tonhs , Monel metal, (one pa.1r) . Used to handle cruc1 ... 

bles . 

Dess1ca.tors, Glass , (two) . Used to hold crucibles a.nd 

residue while cooling . 

Bottl s, Glas •weighing, (four) . Used tow 1gh 

sampl of tobacco aft r drying 1n th d termination of' tha 

o1ature .content 1n . tobacco . 

R1PS$ and Clamps, Steel, ( ix) . Us d as supports for 

ste m gen rator, d1st1ll tion fl sk, and condenser . 

Wa.tohf;l ees, 2 1
• d i mete1'" , (four) . Used to weigh out 

amples of toba.oco and e covers f or distill t r ceiver 

during heating over steam ba.ths .. 

,Balance, Ana.ly 1cal, Becker Chainomat1c; (one) . Used 

to weigh all samples in analytical work. J·ianufactured by 

Seeder r-Kohlbusch Inc., Jer ey O ty , New Jersey . 

We15hts , Analy 1c 1 (on t) . Us d 1n eigh1ng all 

samples of toba.oco 1n analytical work . M nuf ctur d by Will 

Corporation, Roche_ t r,. New York . 
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~, D.ry1ng, Electric, (one), Serial No. 100-2761, 

Oat . No . 1250, Temp . r ange 35 'to 18o0 c. Volts 110, Cycles 

60 , Watts 100, Amp . 5. 5, Phases 1, Type A. Used to dry 

samples of tobacco 1n moisture determination. Iv:anuta.etured by 

Precision Sc1ent1f1cs Co . , Chica.go ,, Illinois . 

Furna.a , .Electric, (one), Serial. No. 1400, Typ No . 

9921, KW 1 . 35 , Volts 220 , Amp . 6.13, Safe .working Temp . 

1760°F. , Maximum 1860°F . Used to fire samples after filtra-

tion. ManUfa.ctured by Cooley Electr1c Aanufa.cturing Corpora-

tion, Indianapolis, ·Indiana . 

Pipett , 10 ml . , 0 . 1 1 . graduations , (one) . Used to 

measure out small amounts of . solutions . 

Pi:eette , ··2 ml . , O. l ml . gra.due.tio.ns, (one) . Used to 

measure out small a.mounts of solutions . 

Cylinder , Graduated, 100 ml . , 1 ml . graduations , {one) . 

Us d to measure out large a.mounts of solutions . 

Jars and Flasks, Glass, assorted , (seven). Used as 

oonta1ners for l to 4 HCl, 1 to 2000 HCl, 40% Na.OB, 12% 

S111cotungst1c ac1d, NaCl, distilled water , and lime . 

Mortar a.nd Pestle, Porcelain, Coors,, {one). Used to 

pulverize s mplea of tobacco . 

Thermometer , Glass, (one), ... 15 to 360°oq 1° gradua-

tions . Used to read temperature of electric drying oven. 

Brothoom, New York • 

. " 



The ometer, Weston , (one), 200 to l000°F . 10° gradua~ 

tiona. Used to read. temperature of electric furna.oe .. Ma.nu· 

factured by the West rn .El otr1oal Instrument Corporation, 

Newark, New Jersey . 

i!!:• Glass, one pound coffee , (one) . Used as HOl gas 

genera.tor . 

Funnel, Sep rato:ey, 125 ml., (one) . Used to run H2S04 

into the gas gener tor. 

Stopp r, Rubber, two- hole, No . 12, (on) . Used stop 

of gas generator. , 

Can , St el, Standard 011 Chassis Lubrication Grease , 

(one) • Used as gas chamber. -(See Figure 2;' page 73) . 

Cloth, Hard war , 1/4° mesh, ( 200 :. sq. 1n) . Used as 

shelves 1n gas chamber. 

Bolte 1 stove, round head, 4~1 
J x l/8", ( a1x), Used as 

shelf supports 1n gas chamber . 

Pipe , Iron, 3/811 di meter, 6° long, (two) • Used s 

inlet and outlet of gas chamber .• 

Iron , l" angle, (39 3/16"). Used a.s clamps to ·hold top 

of gas chamber on securely . 

Bolts, P.ach1ne, square head, 3u x 3/16*', (two). Used 

to tighten and clamp top ot gas chamber by screwing into the 

welds provided on the gas chamber . 

Pineheocks,: (th:reeJ. Used on inlet and ·outlet of gas 

chamber and on. the eiafety valve or stea;.n generator . 
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Bottle, Gla.ss , 1/2 pint ; (one). Used as H20 trap 

between gas cha.mb .:. r a nd HOl. gas a.bsorber. 

St o12pe.r, Rubber, two-hol e , No . 11 1 (one). Used as top 

of wate r trap •. 

~.Brown gl ass, one gallon, ( one) . Used as HCl gas 

absorber. 

stopper, Rubber, one-hole, .No . 12, (one). Us ed as top 

tor HC l ga s absorber. 

Tub1n5, Soft glass, 3 mm ., 1ns1de diameter, (various 

lengths). Used as connection between pieces of gassing 

equipment. 

Tubing, Rubber • .. Used _a s connect i on~. between pieces ot 

gass ing equipment. (See Fi gur e 3, page 75 ) . 
' .·. 

1Ull, :Patterson Rod and Pebble, Motor dr.1 ven, (one). 

Used t o gr ind tobacco. 

Pebbles, stone, l tt diameter (approx.), (10 kg.). Us ed 
' 

a.a grinding unit in rod and pebble m111 to gr1nd tobacco. 

Pebble s ,, Stone, l/2'1 d1amet,e r (e.pprox.), {10 kg .). 

Used a s gri ndi ng unit in rod and pebble mill to grind tobaoco. 

Roda, Steel, m1seellaneous, 18° lengths (approx.), 

(10 kg .). Us ed as gr inding unit 1n rod and pebbl~ mill to 

gr ind tobacco. 

~. Ice , Coco- Cola ( cme) . Us ed to, ma.11lta.1n sampl es 

a t 3°c. overnight. 
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~-·ot .. , lnd ct ion, Genel'al El ctric • ( on , Typ K, 

Model -5 204A2002; .Fr ame 204·, Volt 220/440, Amp . 3 . 38/1'. 69·, 

s eed FL 1130, 1 hp·;, no·. JU 2096 . Used to dr.ive rod and 

pebble m1ll . ~anuf ctured. by General Electr1c Company ', 

Sch neotady ', lew York·. 

!"lxer', Lancaster Countercurrent Rapid Batoh, (one) ', 

US Fa.tents No ·• 166)830;,.1728598-1797301 , Type SKH, Year 194o', 

o. 127 . Used to g rind tobacco ~ Yi.anufactured by Lancaster 

Iron Work Inc . , Lancaster. Pennsylvania . 

Motor , Induction, General Electric~ (one) , totally 

enclosed, fan cooled~ Model 5KG254920~ Frame 254 , Type KG ~ 

Volts 220/440 , Cycles 60 ~ 3 Phase~ mp : 10/5 , Speed FL 1130 , 

:Patent 1695946-1695947~ 3 hp ~ , No: JU 1630. Used to drive 

Lancaster count rcurrent Rapid Batch M1xer. Manufactured 

by General Electr1c Compa.ey , Schenectady , New York. 

Riddl e , Combs Gyratory , (one) . Used to separate 

particle .sizes of ground tobacco: Manufactured by the Great 

Western .fe.nufactur1ng Co~pa.ny ~ Leavenworth~ Kansas : 

Y.otor , Electric~ neral Electric, (one) . Model 

51CH65AB64, yp KH, l Phase , l/6 hp . , Cycles 60 , Amp . 3 . 0 , 

Volts 110 , RPM 660; Temp ~ rise 55°0 . ; Continuous . Used to 

driv riddle . Manufactured by General Electr1e Company; 

Schenectady ; ew York. 



scr•c- .1s , y er st.anda. ... "d , wt. pan and top , (t ee) , 

No s . 100" 200. and 325 - Used to separate particle alzes of 

ground to acco . 1·1anwactured by the ¥1 • s . yler Company , 

Cleveland, hio . 

Eal~nee , Triple beam , 500 gms . capacity, 0 . 1 gm . 

accuracy, (one) . Used to weigh salt,. anufactured by Fishsr 

So1entific Co1 pany; :Pittsburgh, Pennaylve.n,.a .• 

la.nee, Double beam, 21 , l kg . capao1ty , 1 gm , 
aocura.ey, (ono) . Used to weigh samples ot tobacco during 

grinding.. ~anUfa.ctured by Newark Seal ~forks, Newark ,, 

w Jersey . 

Plat, , Hot , round, nAutemp•t heater, 115 v .. , {one) , 
' ·" Us ed to heat 11ater :for steam bath, ~a.nui.,aotured by F1 her 

Scientific Company , .Pittsburgh, Penneylva.n1a. . 

Pre;pa.ra.ti<:>n o:f Solutions , Sine& none ot the solutions 

used in the analytical determ1na.t1on of nioot1ne wera 

ava1lablet all had to be made up uaing materials that w re 

available and distilled w ter .• 

1~ Preparation of 40% So41um Hidroxid.e Solution. Flake 

sodium hydroxide whs available reported as 76% Na20• This 

oor-responde to approximately 98% pure Na.OH . To oaloulate, how 



mu oh Na.OH ·' o we i out f Ot' h elution, 1000 \'l'!l . of istilled 

wa r wa us . ., a. ns1s . Th proport1on 1000 - x t 100 • 

x : 40 ~~as used . 't' 1 a gave w 1ght of 666 . 67 gra. a • Since 

th NaOH w s only 98%, 666 . 67 divided by 0 . 98 gav a. total 

weight of 68 . 28 gr !j o:f the flak Na.OH. This amount was 

e1ghed out and dissolved in 1000 ml . of distilled a.t r . 

2. Er,e12ar t,1on ,~t: . 12~ !:11,l.,\cotun~ra.1!,!c .. 4.c1c'LQ.olux,on . 

Crystal s:llicot .inP"st1o acid, c. f . , wa.s a.ve.ilable . To calculate 

ow uch o the acid to weigh out or the solution, 1000 ~ 

of d1atill li'"'ter s use as ab. is . Th proportion 

1000 ~ x : 100 = x : 12 as used . Thia gave a t 1ght of 136. 36 

gra s of s1 1eotun <:1t1c· ac ld-. This ount wa r1e1 . ed out and 

d1ssolvee1· n l ·. 0 ml , of d istilled ri ter,. 

3 . Pr .... -o ra,t on o;r ,l to 4 I\Y rochlpr1e Aoi • Hydro-

chloric acHl, sp . gr 1.19, assay 36 .1%, was available. To 

calculate h ., any ml .. of th acid to me sure out, l l iter of 

solution, or lOOO gr~ ms, l: s-. used. a.a n basis . Ea.oh ml . of the 

available acid conte:\ned l -. 19 x 0 , 361 or o •. 42959 graras ot 
HCl . l to 4 solution contains l r m or HCl to 4 grams of 

ater . T erefore, 11te;r of' the solution, or 1000 gra.ma , 
111 contain 800 grams of water nd 200 ame of HCl . The pro-

portion .0 .. 42959 : l = 200 : x was used . This gave 465 . 56 ml • 

as the .. mount o. or1g1nal acid to measure o'\lt . This amount 

was measure , ut lnt~ .a, 1000 ml. volumetr1c f'l sk and then 

the flask was illed to the 1000 ml . mark by ad 1ng d1st1lled 

water. 
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4 . Preparation Qf 1 . to 2000 ij.ydroohloric Ac1q. Hydro-
• . I 

ohlorio acid , sp . 5r. 1.19 . a saay 36.1%, was available . To 
, ~ · .• l , I 

ca.loulata how any ml ~ of the a.c1d t.o measure out, 1 liter~ 9r 

1000 gr ams, was used as a. basis . Each ml . of the available 
I 

acid contained 1 . 19 x 0 . 361 or o.42959 gr ams of HCl. A 1 to 
I 

2000 solution contains l gram of HCl to 2000 grams of water, 

o~ 0. 5 grams of HCl to 1000 grams of wa~er . The proportion 

0~42959 : 1 ;: 0 . 5 i x was used.., This gives 1 . 16 ml ~ as the 

amount of o;r1g1nal acid to measure out . This amount was 
' 

mea sured,. put into a 1000 -ml . volumetric flask~ and then the 

fl&sk was tilled to the 1000 ml . mark 'by add1.ng distilled • 
water , This did not gi ve an ~xact l to 2000 solution, but . ' 
since mea.suring_'._out . 1 ~ 16 ml~ was only al;l estimate between 

1 . 10 and 1 ~ 20 1 . , it gives a solution that is adequate . . ' 
since ih sol ution 1s only used for washing purposes . 

Constr uction and ,Assembly of Equ132rnen:t ~ Th equipment 

used in this investigation ean be divided into four major 

categories ~ These are t analytical equipment,, gassing equ1p• 

ment, gr1nd1ng equ~pment._ and auxiliary equipment . Only the 

gassing equipment required any oonstruc~1on .r 

1 .. Assembly of Analztlcal Eguipment •. All the pi eces 
. ' 

0£ apparatus used in the analytical equipment can be obtained 

from any chem1oal stock room~ The ana.lyt1cal apparatus was 

assembled on a fra e work ,of iron pipe~ A ring was used as a 

support for the bottom of the 1000 ml . Pyrex round bottom 

f l ask and a. clamp was used to support the neck. A No. 8 , 



-so ... 

' thre" - hole rubber stopper was used as the top . A p1eoe of 
I , oft gl a ss tubing 3 feet long w1th an 1ns1de diameter ot: 6 mm . 

was put 1nto one of ,the holes so th.at the end of the tubing 

wae below the aurfac of the water 1n th~ flask . Th1s served 

as pressure gage . A 6° piece of 3 mm . 1na1de diameter soft 
glass tubing was put into another hol e 1n the stopper . A 

p1aco of rubber tubing was put on the upper end of this piece 

of gl a ss tubi ng and a pinchoook fastened onto the rubber 

tubing. This ' served as a safety valv to rele~ae xceas 

pressure 1n the flask . Fr6m .t~e third hole , another p1eoe of 

3 mm. ins1de 'd1ameter soft glass tubine; served as a delivery 
, . 

tube to carry the steam generated to the distillation flask . 

The distillation flask, a 500 ml . ~ Pyrex round. bottom 

flask, was supported in the same manner as t he steam gen-

erator. A No . 6 two- hole rubber stopper was used as t he top . 

Into one hole . a pi oe of 3 mm . inside diameter , soft glass 

tubing was inserted so t ha t t he end or the tube wa.s only a 

small distance from the bottom of the flask . Th1s was done 

so that the end of the tube would be below the surface of 

the very small a.mount of 11qu1d that would be 1n the flask 

during dlstiliation. Thia piece of gl ass tubing was bent 

and f itted:- with a small piece of rubber tubing on the end in 

such a manner that a connection could be ma.de with the de-

livery tube from the steam generator . The lower portion of 

a KJeldahl trap was inserted into the oth r hole; and tha 

top port1on of the trap was bent so as to lead to the top of 



a wat r condenser . 1I'he water condenser was fitted with a. 

No . 4 one- hole rubber stop er at the top. A piece of 3 mm. ,, 

1ns1d diameter, soft glass tubing was inserted into this 

hole , a.nd tho upper sect ion of the tubing was . bept so that 

a. co:nnect1on could be made with the U.pp~r · portion of tubing 

o.f th I\Jelda.hl trap. The connection was ma.de by using, a. 

small pieoe of rubber tubing,. 

Rubber tubing was us d a connections from the water 

tap to the lower part of the condenser and from the u,pper 

part of th~ oonde11ser :to a drain. A Bunsen burner· was used 

to heat the water in the steam generator an,d a T1rrill 

burner r1as us d to reduce the volume of lfqu1d 1n the d1s-

t111at iori flask·· duri ng the d1st1l lat1oni. . Rubber tubing was 

used as connections from the gae rn in to the burners . 

Figure i ,, page 69,, gives a. schema.tie d.iagra.m of the 

assembled e.na.lyt1cal apparatus •. 

a. Oonstruot1on ()f Gaa . Chamber .• A ''stand.a.rd. 011 

Chassis Lubr1oation Gr a.se" ate l oa.n was used as a gas 

ahambere The oan was provided with a top that was fitted 

with a r ubber gasket< .. The can wa.a f'1rat cleaned 1ns1de and 

out with gasoline to remove all the e;rease . Then a hol~ .• 

3/8'' diam te1', was bored 2 1t from the bottom of the can. 

Another hole , 3/ 8'' diameter., was bor ed opposi te the first 

hole and a 3/ Stt f r om ~the top of the ean ~ A 6u piece ot 

3/ 8H iron pipe was then welded in these .holes to serve alCl 
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inlet at th- bottom, and outlet at the top , for HOl ga.s . 

l\ l/8 11 diameter hole was then bored in the aid ot , the 

a· n 8'' bove the bottom .. Then two more holes 1er bored on 
l 

app 1 ox1mately 20° angles from the f1rat hole . A l/8H round ' 

head .stove bolt ; 4 11 long , was put into ~ach or these holes 

and a. nut ecr ' ... d on them on the 1na1d of the oan to secure 

them, These three bolts served as the supports tor a 100 sq,.. 

1n shelf of l/4° m sh hardware cloth. 

Thre mor l/8ff diameter holes were bo:red in the oa.n 
-

1n the aam nn r 17" above th bottom of th can. These 

holes were fitted w1th stove bo ta for o.nothe1" shelf of the 

ba.rdwa.re cloth. 

In 01'1.ar·'.· for th g., s chamber to pe leak proof, some 

ola p had to be dev1sed for cl mp1ng the top of the can on 

ecurely , The can w s provided with two wells .x ctly oppo-

site each other 1nto 1h1oh 3/16'' bolts .. 1ould f 1t. A piec of 

1° angle iron 28° long was form d into an octagon with 

3 1/2" s1d s . wo holes, 3/l6u d1am tar, 10 l/2tt cent r to 

cent r were bored in one of the sid s of a. ll 3/16" piece ot 
the angle iron. Thea two p1 ces of angl iron served as a. 

clamp for th top . Th octagon was placed on the top, exert-

ing pressure at eight poi nts on the top . The straight piece 

of a. ,le iron we.a then put &ioross the octagon nd a. square 

h ad machine bolt 3/16u, diameter and 3 '' long was inserted 

through the hole in ea.oh end and screwed into the wells 
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provided 1n th can. 

Shel vos ot l/4 1
• rnesh hard.war ol·oth, 1011 square., was 

th n cut and put nt the oan. 

HCl gas is v ry corroe1v , so the can had to be pro-

tect d fro this . The oa.n, 1 s1da and out , including shelf 

supports, top , clamp, nd inlet nd outl t pipes, wae painted 

w th. th1ok co t of Tygon ihite p 1nt. Thia first coat was · 

a llowed to dry for about a week , and , then another thiok 

coat of ygon waa pplied . 

F! gur ?• page 73; gives a drawing or the completed 

e;ae chamber. 

3 . Assembly cit cla.sains Eguipment . No oonstruotion was 

required :for th~ r et of the gassing apparatus . All that was 

necessary rms to ss· mble the individual pieces .. A one pound 

glass coffee Jar was used s the HCl gas generator. A No. 12 

t1o~hole rubber stopp r was used a a top . A 125 ml . separa-

tory funnel w, s ins rted into one of the holes to provide a 

mean& of running the H2so4 into th gener ator to r eact with 

t h aol e.n produoe Hcl gas . A p1ec of 3 mm . 1ns1de diameter 

soft gl ass tubing was then used to connect t he gas generator 

w1th t he inlet of .the gas chamber. This piece of rubber 

tubing was provided with a p1no.hcoek so that the flow of 

HCl gas to or from th gas chamber could b stopped or 

started at will . 

The gas generator and the ga chamber were the two 
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main pieces of the gassing equipment. The HCl gas absorber 

was provided to absorb all excess HCl gas that would be pres-

ent after the term1na t1on of an experimental run. 

A water trap was provided between the 5ae cha..m' er and 

absorber to absorb any water vapor that might get into the 

chamber from the HCl gas absorber. A 1/2 pint e;laee jar was 

used as the water trap . Thia jar wae filled approximately one 

third full with H2so4 to absorb the wat er. A Ma l' 11 two-hole 

r ubber stopper was us ed as t he top. Int o each of the two 

holes , a p1ee of ) mm • ., 1nslde diameter soft. glass tubing was 

lns rted. One of these was connected to the outlet of the gas 

chamber by using rubber · tubing. Thia pJ.eoe-- ot tubing was also 

provided .with a:.p1nohoook so that t he tiow of HCl gas from 

the chamber could be started or stopped at will. ~rhe p iece of 

tubing to be connected with t.he a.bsorptlon chamber was ac;l-

juated so t hat the end of the tubing was just above the 

surface of t he H2S04 in the wa.ter tre.p . 

A one gallon l;.>r own glass jar was used as the HCl gas 

absorber . Th1s was filled about two thirds full with water. 

A No . 12 one- hole rubber st.opper was us ed as a t op . A piece 

of 3 mm . , inside diameter soft glass tubi ng was insert ed into 

t he hole and adjust ed so that t h end of the tubing was Just 

above the surface of the water ,. The water trap and HOl gas 

absorber were conn<j:ictced. with a piece o~ rubber tubing. 

Figure 3, page 75 , gives a drawing of the assembled 

gassing equip ent. 



4. G~inding ~nd Am::il ! ary Eqt\1Rtn~nt . All pieces or e;r1~d-

1ng equipment and all p'leees of au~iliary equip ent were either 

standard equipment 1n the Unit Operat1ons Laboratory or the 
• 

Obem1oa l Eng ineering Depa:t?t.ment o:f the Virg i nia Polytechni~ 

I.nst1.tu.te or could be ooia1.ned front any ohemical atook r oom . 

Henoe no c9nstruetion or assembly was necessary . 

SatnRl1~ . Bot h whole leaf and finely ground tobacco were 

ueed 1n t he nalyt, i cal dete~m1nat1on o:f n1c·otine . Fienoe , a 

e t hod of aa.mpl1ng that would g1ve a uniform sample had to be 

dev1sed tor each. 

1 . §.!. l?l~M .Leaf '.Jlo,bacco. bout t wo pounds of the tobaeeo 

were $elected as the mate.ria l . for t e sts, 1nvolv1ng the whole 

tobacco le?tf . The· l eaf was tor:\'! up into ~maller pieces of 

different sizes ; the srnelleat pi eoes still be1ng la.rgs enough to 

reta!n 1 ts l eafy oh r aot eriat ies . 'J.'hen all ot t h 1s was mi.xed. 

thoroughly with the hands and placed in a contai ner . When a 

sample wa.e desired 1 ;p1.eoes t1e:re removed. f:rom the container; and 

smaller pieces torn. from the to be weighed as the sample . Wh•n 

enough ha.d been obtained for a _ single sample, the rema1n1ng 

-pieces were put back into the cont iner and the whole lot remixed 

with the hands . 

2. SamE,li!mGround Tobacco. No special method of sampling 

was used . As a. sample was needed~ it wa.s taken f rom the conta1ner,. 

t he assumpt1on be i ng tha t a- thorough mixtng had oceurrad during 

the grindt:ng process and ehalting on the riddl e . 
, . 
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Wei5h,11;!6 or 
1
Sam12lE:1s. All samples used in the moisture 

determinations and determ1nat1Qna of nicotine content were 

weighed on a Oha1noma.t1e analytical balance. The weighing of 

the residue 1n the analyt.1eal determination of n1cot1n wa.s 

also done on the a.na.lytiaa.l balance. The we1gb1ng of the salt 

used in the gas generator to produce the HCl gas was done on a 
t:r-tple beam laboratory balance .or 500 gms. qapae1ty . 

li Je1sh1ES sam.ple$ . for Moisture D.etet>m1na.t1on. and 
.• - . , ; · ; I ) 4 & l 3 , , 

1{1oot.1ne Leterminat.1ons . A 2u watohglase was ti:rst weighed 

aocurately. Then a.n adjustment of the weigh.ta vra.s made eo that 

when enough sample was added to balance the weights, a. sample 

ot o.500Q gm.-. or 1 . 0000 gm. w:a.s weighed out, depending on the 

adjustment of the weights. 

2. We15h1Ef5 of 
1
Ree1due.. The residue was weighed in a 

porcelain oruoiblt'h '!'he cwc1ble had b~en weighed previously 

and the we1gbt of the residue was obtained by subtracting 

the ta.re we1ght of the crucible from the total weight Qf the 

crucible and res14ue . 

3. We15h1J.'.!8 of samplee Afte,l" D,1.':x;i.n5 1n Moi,ature 

Determ1nat1Qn. The d.r1ed sample was we,1ghed in a. glass weighing 

bottle . The weighing bottle had been weighed previously and 

the weight of the dried sample was obtained by suotraot1ng 

the tare weight ot the weighing bottle from the total weight 
I 

of the bottle and dried' sample . 
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4. we1gb.1;gg of . Salt. A &heet of paper wa.s plac,.ed on the 
. . I 

balance a nd we.1ghed . The weights on the beam of th triple beam 

laboratory bal ance wer e t hen adjust ed so that when enough salt 

had been, put o.n the paper to balan¢e th$ weight.a 1 100 gme . ot 

salt would be weighed out . Extreme accuracy wa.s not necessary 

in this operation. 

Detel:'m1n~t1o;n ot Moi~t,ure Cont8int, . Each time that samples 
I 

were weighed out fo r the determ1.nat1on of n1eot1,ne , a moisture 

determination was made . ·The ·method used was that suggested a.nd 

used by Wella< 48>. A 1 .0000 gm. sample of toba.coo wae weighed. 

out and put 1nto an evaporat ing dish . The sample was then put 

into the electric drying even.. The temperature wa.a maintained 

at 14o0 o • . At t he:. end. of 24 hours; ·the se.piple was retnoved t r om 

t.he oven and 1mmecU.ately transferred to a gl a ss we.1gh1rig bottl e 
. ,, 

to prevent the dried aa.mple trom pie.king up moist ure from the 

atmosphere . the we1ght of the dried .sample wa.s then determined 

a a previously mant1oned . The weight of the dr1 d sample wae then 

subtracted. from the or1g1Ml weight and the d1t'ferenoe was 

divided by the or1g1na.l weight to determine t he percent~ge 

moisture . 

description ot the procedur e for-

one gassing opera.t ion will .euft1ee since ea.oh wa s done i n 

exadtly t he same manner , The ·sample to be gassed was pla.aed on 

the shelf , E , (F1g~re ~2.) of the gas che.Jnber (the l eaf tobacco 

on a pieee of paper and th$ 5round tobac.co on a watchglass) . 

The top, c, was then pl a.Qed on the chamber and clamped t1ghtly 
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on by sox-ewing the bolt.s, B., or the cla.mp ,. A, into the wells 
Pt'OVided 1n t .he can . '.I'he outlet, D, ot the gas chamber was 

closed by means of the p1nohoock on the r ubber tubing connecting 

the outlet Of the chamber to the water trap, o, (Figure 3). One 

hund,r ed gram a ot a.Cl was put into the gas generator, B; and 
' the genera.tor w.a.s conneoted 'to the gas chamber . Forty ml . ot 

a2so4 wa.si then put into the separatory tunnel ., E. The entire 

a.mount of HtaS04 was then a ll.owed to .run into tbe gas senerato:r 

producing the HOl gas . After one hour had passed , the outlet ot 
the gas .chamber was opened and the excess HGl was absorbed in 

th absorption apparatus, D. This was done only 11' the duration 

of the gassing operation was ·one hour. l:f' the dura.t1on of the 

operatlon,.was mote than one hour., at the , end of each hour the 

inlet, F, (11gure 2) t<> th~ gas ohamber waa closed and the 

gaa generator was d1 soonneoted, washed out and recharged with 

100 ~ms. of' salt . Then 40 ml. more ot HOl gas was ;run 1nto the 

generator , and the inlet opened by removing the pinohcook. 

Then a.t the end of the second hour in a two .hour operat1on; or 

a..t the end or the third hoUl" 1n a. three hour run, the exoess 

HCl gas was absorbed a.a described above . The top ot the sa.$ 

chamber was then re~oved a.nd the gassed samples removed from 

the gas chamber. 

Preparati on of 
1
Samiles tor Acna.1.y:s,i e,. A sample of lime 

equal 1n weight to !th.e ~a ed sample we..s we1ghed out while the 

sample was 'being gassed. lmme.diately upoh removal of the gass.ed 

sampl from the gas chamber, it was m1xed wlth 11me .. Approx1mat$]1 
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20 drops of water was then added to fa.Qilita.te the reaction be-

t.ween the lime and aey nicotine 'bydi"ochlor·ide .. The sample was 

then allowed to set from 40 to 48 .hours before the n1'3ot1ne 

determination was made . Blank ea.mples (not gassed) wer hand.led 

ln the ea.me manner. 

Ana.lzt '-cal Detar1f11l'1S;\1og.a pf N1o,ot~ne , A desor1pt1on of 
one a:nalyt1cal determination of n1cot1.n will auf.fioe s1noe 

ea.ch individual analysis wa.e done in exactly the same manner . 

Th& sample to ba ana.lyized wa.s put 1nto the distillation 

flaek , D; (Figure 1). Using a pipette , 3. ml • . of distilled water 

wa.a put into the flask . Five ml . o.f water was put into th 

d1st1llate receiver, F . ·· hen 3 ml . ot 1 to 4 01 was put into 

t h e dlst1J.la.te r$ce1ver< The d1st11late . ece1ver was then put 

into plae1e at t he foot of the condenser , E, so that the end ot 
th.e condenser was below the ,surf.a.oe of the liquid i n the 

d1.et1llate receiver • Two drops of phenophlthalein was then pu.t 

into the di t1llation flaek. Since the samples had already been 

mixed with lime, i t was alkali ne , but 0 . 5 ~l. of 40$ aOH was 

added to the d1st1lla.t1on flattk . Meanwhile the Bunsen bu_rner 

h;a.d been heating the wa.tsr 1,n the steam generatoi- , A1 to the 

boiling point, and the oold tap water had. been turned on ao 

that it waa running. through the condenser . The connection was 

made 'b tween the d1etilla.tion flask and the eondenaer . As soon 

as the water in the i st~am genel"ator wa.a ' bCil1l.1ng .$tead1ly 11. the 

conneot1on waa mad,e betw _ en the steam s~~erater and th . d~et.11-

lat1on flask, and the d1s't1ll-at1on begun. As soon as the 



d.i stlllation was going smoothly. heat was appl1ed to the d1st1l-

la.tion flask by means of the T1rrill burner. Thia was done to 

red\lce the volume of the liquld in the flaek . A pressure of 2. 5 

to :; .o feet of water was ma1nta.1ned 1n the steam generator. This 

was observed by means of the pressure gag • Distillation was 

.continu d unt~l a.bout .100 ml . of d.1st.1llate was oolleoted and 

the liquid in the distillation. flaek waa reduced to dryness . 

One ml . of 12% eilicotung.stio a.old. was then added to the d1st11-

late to pree1p1tate the nleot1ne that had been distilled over. 

Dur1ns the d1st1llat1on, water 1n a 250 ml~ beaker had been 

bolling on a. hot plate . The sample was put on this steam bath 

for 15 minutes. h:tJ.e the sample was on the' steam bath, the 

analytical apparatus was d1aaasembled a.nd the distillation 

flas.k, t~p . condenser and del:tveey tube we:re washed out and 

r assembled for the next run. t the end of th 15 m1nutee, the 

sa.m le was removed .ft>om the steam bath and allowed to cool 

slowly to room temperature . he sa.mp.le was then placed 1n an 

ice box and maintained at approximately 3°0 . overnight. The 

preci,pit.ate was f11tet>ed out on Wha.tman No . 40 filt.er papef,' . 

To make sure t hat all of the precipitate was gotten out of th& 

distillate re-?eiver, half of t.he filtrate was poured baek into 

the distillate receiver and reftltered, and then a quarter of 

the filtrat waa poured back 1nto the distillate receiver and 

refiltered . '.t'he pree1P1ta.t/ was th .n washed with 150 ml . of 

l to 2000 HOl. The filter pape r was then placed 1n a crucible . ,.. .. 

and put into the electric furnace . The temperature o! the 
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furnace was rnn.intained at 960°F. As soon as the filter paper had 

been completely burned• t.he cruoible was removed from the furn-

ace and he t ed over the Bunsen burner for 10 minutes . Tho cruc1-

ble was then placed in a desiccator and allowed to cool for l 

hou~. At the end of t be oool1ng period, the weight. of crucible 

and residue was determi ned a s previously described. The weight 

ot the r•esidu a s multiplied by O.ll.4 to g ive t he weight of 

n1oot1ne . The we1ght ot n1ooti:ne was d.1v1ded by the weight of 

samplo to give the n1cot1ne percentage on t he et basis. Further 

div1:e1on of t his by 1CO% minus the moisture content gave the 

nicotine content on the dry basis. 

Oal ,ulat1 cin _of -Pere~ntae;e ;Ntoot1ne ,Lost ,:!SY Va.12or1za.t1on 

!:t:ter Gl7ee.1ng and Mi,x~ng With L1:n:ie . Tha :~ry basis. nicot i ne con-

t ent of a. gaeaed sample was divided by the dry bas is nicotine 

of the bl ank (not gassed) sample . This ga.ve the percentage of 

iot1g1nal nicotine still present in the sample . Th1s amount 

subtracted from 100% gave t he percentage of original n1cot1ns 

lost by vapor1zA.t1on~ l1h:ts 1s reported as the percentage nico-

tine converted .. 

Grindin.g,Tobaoe2. The 5r1nding with each of three grindlng 

unite:, 1 11 pebble s, 1/2 11 pebbles, and rods was done in exactly 

t he same manner in the Patterson Rod and :Pebble Mill . Flve 

hundred grams of tobacco was weighed out and pu·t into th~." m1ll . 

The;n 10 kg . of the grip.d,1 ng un1 t was put, into the mill. The top 

of the mill was put into place and clamped. The mill was started 

and the gr1nd1ns operation was continued for 5 hours. At the 

end of the 5 hours~ the grinding unit was removed from the mill , 
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caution be1ng t aken t o brush otf' 11 that was posa.ible of the 

tobacco that had adhered to the unit, Then the ground tobaooo 

wa s t>ruahed from the mill into the screens for a screen anal-

ys1e. After the soreen analysis, the total sample wa.e put back 

into the mill, the grinding unit was a.ga1n put 1nto the m1ll, 

and t he grinding operation carried out for another 5 hours. In 

pract1oe only that portion 1nsutt1c1ently grQund would be -.r-e-

tu:rned to the mill. In thia study ., the degree of gr.1nd1ng in a 

def'1n1te length of time was desired. . 

Soreen Analysis. The screens used were 100, 200, and 325 
mesh with pan and top. The ground tobaooo wa s put into the 100 

meeh screen. The top waa placed on this an~ the set of screens 

was plae>ed ln the riddle . The riddle was rtin tor 5 hours . The 
' r .. 

soi-eens were then r emoved from the riddle and the 1nd1.Vidual 

screens and pan with the tobacco on it were weighed • . The weight 

ot the screen and tobacco minus the t are weight of the acreen, 

which had been determined previously,. gave. the amount of 

tobacco that had passed t h reugh the sc:reen above the .screen 

being weighed . Thia weight of tobacco divided by the total 

weight gave the percentage of toba.aoo t hrough the screen above 

the screen being weighed. 

Method ·or Increasing Moisture Content . Some ot the 

ground tobaooo that had passed through a .200 mesh. screen was 

placed on a piece of cotton oloth. The cloth was t hen folded 
~ . ,,;' ' / ... 

to form a bag when held in the hands . This bag was t hen held 



in the stream of steam issu1ns from the delivery tube, B, 

(F1gure l) or the steam genarator(O The bag was rotated s.o that 

$team. would strike a.11 $1des of 1t. From time to time the t o-

baceo 1n the bag was ag1 ta:ted to expose all the toba.coo to the 

at~ m. 'fh1s w.aa continued tor about 15 minutes •. Then the t.e-

baooo was put into a glaas jar and allowed to set for several 

days to give the me1ature a. ehanoe to become evenly distribut -

ed through the entil!'e mass or tobacco . 

Determ1)'lation ot Fx-ee and Combined .Nicotln! _in Tobacco . 
I T 

A aample (2- 3 grams) ot toba.eoo was placed in the d.1st1llat·1on 

flask and covered with a2o. No oaust1o wa.s added . Ten m1nutea 

aftel!' d1 .st1lla.t1on w~• begun the d1st1llat~ receiver was re-
. ' 

moved and: another inserted. in 1ts place .: This was repeated 

at the end of ea.oh lO minute interval until 80 minutes had 

passed . As each d1et.1llate :receiver was l:'emoved, the n1oQt1ne 

distilled was preoip1tated with s111cotungst1o a.old. Then the· 

rest of the procedure in the analyt1oal determination of 

n1oot1ne was -oarriad out . Upon deterni1n1ng how much n:tcot1.n:e 

had been di stilled each 10 minutes, a curve was plotted w1.th 

t1me in mlnutes as tlle al:sciasa. and the weight of n1cotlne ln 

mg . distilled per 10 minutes as the ord.1na.te . By assuming 

that the hydrolys1e of the eomb1ned nicoti,ne to free nioot1ne 

and the subsequent d1stillat1on ot t he free n1oot1ne would 

take place in a. straight l:lne rela tionship, and t hat th free 

ni oot1ne or1g1nally present would d1at1.l).. oft during the , 

first tim intervals, the relative proportion of free n1cot1ne 
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to tota.l. n1aot1ne content could b observed . 

!!:ea.tment with Mli3. The treatment ot the tobacco with 

the NH' was very a1m1lar- to treatment w1th H01 gaa. Approx1mo.te-

ly 100 ml. of NH40H was put into the gas generat o-r. The aa.mplea 

or tobacco to be treated were put into the sa.s chamber a.nd 'the 

top was ola.mped into place, Wit h the outlet of the chamber 

closed,, the NU4;0H 1n the gas ge:ne:rator was hee.ted w.1th a. hot 

plate. This liberated NH3 trom t.he NH40H. The treatment with 
the NH3 was tor l hour. 

Teats w1th N. rustica . All tests pertormed with U•, ~U.f­
t1oa wer exa.etl7 the same as w1th. ordinary tobaoco with the 

exception tbat 1n the analysis to.r n1eot1n~l' only o . 2000 g~m 

samplea w,re used becs.u.Be ot the high n!eot1ne nontent . Al.so . 

in grind!~ , the N. ruetiea was ground for only l hour with 

rod.s. 

Ca.l eulat1o.:n of Cost of GrowipS On~ Ac?'S of N. ruatica. 

The QOliJt ot growing one acre of N. ' ru2't*ca was. oalou.la.ted on 

the same basis as Undel!WoOd{aS) oa.lc.ula.tad the cost of gt'ow-

1ng one acre ot fl'lle oured tobacco . The cost ot man, la'bor was 

calculated at 0 . 197 per hour and the cost of hors$ work was. 

calculated at $0 . ll per hour . For other coat 1tem.s, such a.a 

use of tools, land., etc . , the eost eha.rsed t .o on · acre of 

N. ru~i1ca was the same as oha.rged by Underwood . In oalouJ.at-

ing the coat or ina.:Ntet.img the N. rust1ca, some 1tema had to 

b determ1ned by other means . or instance, the item- TJ;>uck 

use- was determined 01 the pr1oe charged ceo .30 per hundred 
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pound.a) at the preHient time by truck owner$ to haul the tlue 

cured tobacco from surrounding territorr to the Ohase C1t.y ; Va~ 

tobacco market . Also the .item ... hired hauling- was calculated 

on the rallr-oa.d freight r ate fer ~a..:rloa.d lot4 ef out tobaoo<> 

in no oontainer• ( $1.13 per hundr-ed pounds) ti-om Oha.se Oity , 

Va . to R1ahmond, Va . The figure for the total pGundage pro,.. 

duced by one acre of .N. ru•t1e~ was th$ average pound.age pro-

duced: during the thr•e yl)azrs of exper1m.ent:a.t1on a.t Arlington 

Farms, Va. . 

j. 
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The f ollow1ng tables and figures give the observed. data 

and the results caloulat d during th course of th1s 1nvast1-

ga.t1on. 

Table XXIlI, page 98, gives. a detailed statement of the 

cost of' produ.oing one acre of N • . · rust.ioa t.oba¢co . 

Table XXIV' .• page 9~;. g.1ves a summary of all eosta and 

returns 1n raising one a.ore ot N. rustica t.obaooo . The values 

marked with an aeter1ck(*) are t1guree tor flue cured toba.eoo 

t aken from Table XX:. ·page }8. These f1gurea were included t~r 

purposes or coml).ar1a.on. · 

Table XX:V , page lOO, gives the ettect ot particle size, 

o1sture content, treatment with NH;; and t1me of expo•ure 

to HCl gas, on th conversion of n1oot1na in tobacco to 

n1oot1ne hydrochloride . 

Table XX:VI, page l .Ol, g1ves the res.ults of screen 

analysis of tobacco a:rter being ground 1n the rod and pebble 

mill using l" pebbles, 1/2 11 pebbles, and rods .as the grinding 

unit . 

Table XXVI! ., p ge 102, g1ves the effect of grinding 

on the loss of nicotine f:rom toba.coo by v-apor1zat1 .. on due to 

heat generated during _,tbe gr1nd1ng . 

Figure 4, page 103, 1s the plot of the data oonta1ned 

in Table XXVI . 
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!able XXVIII , page 104, 51ves the results of at m dis-, 
I 

tillation of' i'.>rd1na.cy tobacco · to dete t-mine the proportion of 
, . ' t . 

tree n1cot ine . to total n1.eot1ne o ontent . 

Table X, page 105, gives the results of steam dis-

t1lla.t.1on of N • . ;ru8t1oa tcbacao to determine the proportion of 

t:ree n1oot1ne to total n.1oot1ne eontent. 

Figure 5 , page 106., is the plot or the data aonta.1ned . 

in Tables X:Xi/I'I a.n.d XXVIII . 
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Table XX!II 
Detailed Statement of the aoat of Pttod.uoing one Acre ot 

N.: rustle~ $'oba.aoo 

I tem Total 

G)-otting; 
Man labor. hours · $0 ,197 
Horse ·Ol" mule work. h.our4 @ to.11 
Tr:a~ter use , hours · 
Truck use, mJ.les 
Plant bed. cloth 
Othe.r equipment 
Seed and pl ants 
Fertilize~ ., pounds 
Manure* pounds 
cover erop · 
Spray and dust 
Ineura.noe ·· 
Interest, @ 6% per a.nnWil 
Land ua~ .. 

Ha.rvesttngc 
MA.n labor,. hours 
Hors& or mule wo.rk, h.ours 
other equipment 
lnterest 
Other ba:rvestlna t,'.H)$tS 

Our.ins t 
Man labor. houre 
Qt.her equtpm•nt. 
Bu1ld1ng use 
Interest 
Other curing ceat• 

Mark.et!~: 
Man. labor, · hour.a 
.HoP.se or .ml,l].e work, ho.ura 
T:.ruok use 
Automobile us.e 
Other equipment 
H1r•d haulin~h poµn!ia , / 
Storage· bu1ld1rm uae 
Interest on tobacco 
Oth•r marketing ~osts 

Grand Total 

212 .• 00 041 . 76 
61 . 00 7. 48 
0 ,14 0 •. 03 
0 .• 02 

888-60 
272,.90 

l0·,.00 
20 .• 00 

75,718.00 

t 1.97 
~ . 20 

11.15 
l. . 60 
0 . 17 

42.0l 
1.54 
1.25 
0 • 01 i 6l .'90 
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fable XXIV 
Summaey ot All Costs and R$turns 1n Ra1s1:ng One Aere 

ot N. rustic~ Toba.eoo 

Item 
Average Per Aor4.l 

Quantity Va.l.ue 

Man labor , houra 281 . 00 j 55.36 
Hore• or nnlle WOl"k, I.tours ll0.00 12.10 
Tractor us•, h<.>U~B o.o4 0 . 03 
Automotive transportation 12.15 
Use et othel:' equipment 3 . 03 
Feed, :fert111ae.:ri- and po.1.son • > l0 .11 
U•e of. land and bl.t!.ld1:ns• a.oe 
Insur~nce 7 .32 
Interest -·· 3 •. 40 
fU.red hauli13g, pounds 3,718.00 42 .·0l 
Mlsoellaneoua 0 , 30 

Total all oosta $154. 4~ 

Tobacco sales..,. pound.a @ $0 .04 3,,718 . 00 148.7'2. 
:Net loae 439.,01• 5.71 
Unpaid labor 86 . 24• 55 .}6 
Net prot1t 47. 23* 49 .59 

*'.rhese tiguree do not apply to I • rust,12-. . 'f.hey a.re 
the t'1gure$ tor flue o:u.re<l to'bacoo 1nsert•d her>·• 
tor oompar1E¥·On purposes . 
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·;'. 

Table·x:xv 

Ettect ot Particle Si ze , Moisture Oon~ent, Treatment With NH3, and Ti11i• ot' Expo$ure to HCl Ga• .• 
on the Conver .sion Of Nieotiru~ ill Tobacco to Nicotine H7d

1
:rochlo:r1de 

Tim.• ot Treatment Moisture Content 
we1snt Nico till• 

Test "' Type of Size ot With JlOl With NH3 l40°c 1068 0 Yield ot Content Nieot:t.ll• 
No. sample Tobaooo Tobaooo 24 hra. 24 hr•· Niootin• (Dr7 basi a) Conver ted 

P• hrs. bra. % % 11&1• ~ % 
1·3 0.0000 Ordina.ry :ktat .. .. 16 . ~9 - i . 2928 1.t>l -4-a 0.$000 Ord1mur7 Lteat 1 '!ii! 16.39 .. 5 . 2101 1.27 15.89 
7-9 0 . 0000 Ordinary Leat 2 - 18.23 .. 5 . 281• 1 .29 14.57 

10-.12 0 . 5000 Ordinar1 Le at a. '!ii 18. 01 @t 6.~124 l.30 13.tl 
13-18 o.sooo Ordinary Groua4 "" ... 18.50 - s.e1s2 0.95 ... 
17-li 0 . 5000 Ordinary ;Ground 1 ... 16.50 ... s.@s• 0.84 .11.58 
20-22 o.sooo OrClinar7 Ground 2 

.. 
17'. 47 S.4r8M o.ao 10 • .SS .. -23-26 o.sooo Ordina:r7 Ground 1 .. 4i.04 "'" 2.3251 0 . 85 10.53 

2'1-29 0.5000 Ord1na~7 ·around - - - 18.39 14..18 6.7114 1.4(). -
30-35 o.sooo Ordinary Ground l l 18.39 14.18 • • ~90 l.08 22 .eo 
31-3'1 0.2000 ru.stioa GroUDd ~ • lo. 48 ii! 4.1114 2.cn -38•40 0.2000 ru.stica Gl'ound 1 l 15.48 - 2.10110 1.25 53.18 
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Table XX.VI 

, Results of Screen Analysis of Tobacco . After Being Ground in the 
Rod and Pebble Mill Using l" Pebbles,, 1/2" Pebbles , and Rods as 

the Grinding Units 

Ti.me ·oisture Through 100 Through 200 
Grind- of Content Retained · & Retained " Retained 

Test 1~ Grind- i4ooc on 100 ·on 200 on 325 
No. Unit iag 24 hrs. Mesh Screen Mesh Screen Mesh Screen 

hrs .. % ~ % ~ 
la i"peb. 5 lS .67 27 . 80 17. 20 47 . 00 
lb ·-~Rpebe 10 18.67 18 . 80 15.20 55.20 
2a · l"peb. 5 17.70 2).80 26.20 46 . 60 
2b l"peb . 10 17.70 14.20 ' 60.20 20 . 60 
)a rods - 5 17.70 26.20 20.20 ;3. 60 
Jb rods 10 17.70 11.40 25.20 66.60 

I ..... 
0 
l-' 
I 
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Table XXVII 

Effect ot Gr1nd1ng W1th Rods on the ,Loss of Nic-
otine From Tobacco by Vaporization Due to Heat 

Generated During the Grinding 

'l'.1me ot We ight Yield ot Moisture Nicotine 
Grind- ot Nfeotine Content· content 

Teat 1ng sample l40°c. (Dry basis). 
NO~ •·. 24 hrs. 

hrs. gm. mg. %· % 
l-4 - 0.5000 6.8058 14.49 i.59 
5-8 1 0.5000 5.5~74 15.27 1.31 
9-12 2 0.5000 5.4720 14.70 1.28 

13-16 3 0.5000 5.2654 15.04 l.24 
17-20 4 0.5000 4.4232 14.2.8 i.03 



Time of Grinding 
vs 

Nicotine Content : 
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Table ltXVI!l 

Results of Steam Dist1llat!on 
ot Ord1nary Tobacco Wit!:out 

Ca.ust1c to netermln.e the :Pro-
port 1on of .Free N1e~t1ne to 

Total N1ootine Qont.•nt 
.. '!'lme ot Yteld "'ot 

a.ample D1f!Jtillat1on N1oot1ne 
•·. No • . m1n. ?5• 

l 10 3.4542 
2 20 3.0760 

' JO a.6676 
1J 40 2.4,510 
5 so 2.6676 
d 60 2.5a1s 
7 10 2 .~142 e so 2.as1a 
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Tabl• XXIX 
R•aUl.ite ot S"tet.m D1etlllat1on 
o .•, J;'Ut,~:~io fQ . a.ooo \ll.thout 
O ueti.e to D&t.er rd.ne th Pt>o•· 
or-tion ar · U.oGtln t,o 

Total oot1ne aont ·nt 

Time ot t iel4 or 
mple D1st1llat,~on 1cot1ne 

o • . mltt• 158• 

l 10 5. 7000 .. a 20 ; .:9786 

' 30 ) .• 34()2 
4 40 2~ 95aG 
5 so , , ,516 
6 60 2. 9868 

I 'TO 2.7474 
80 a . 1:s60 
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IV . DISCUSSION OF RESULTS 

Eoonom1c Feasibility ot Growing N. ~ustioa . as a Cash 

Crop . The economic study of growing flue cured tobacco made 

by Underwood(28) was for the 1933 flue cured tobacco crop in 

P.1ttsylva.n1a County, va . The records on which the study was 

based were obtained. by the survey method. It was the object 

ot the study to collect and analyze statistically data con-

ce rning the organization and operation ot a comparatively 

large number of tobacco farms for the purpose of determining 

the r e l at ive i mportance . of tb.e ma jor factors associated wi th 

var1at.1ons between far ms 1n the returns from. tobac¢o. 

Eoonomio oorid1t1ona are constantly changing, and a 

given set of conditions may not be repeated for many years. 

Hence , the economic s1tuat1on 1n 1939 , when the results of 

the survey were published. , was not the same as it was at the 

time the survey was made . Neither is the situation the same 

today as it wa s in 1933 or in 1939 . 

N. rust1ca has never been grown as a commercial crop 

1n the United s tates . In fact, the extent to which N. rustic~ 

has been grown has been limited to small experimental patches. 

In growing these small exper imental patches , the emphasis 

has been on the maximum production of nicotine per aore , 
r ,,,. < 

eit her by increasing the percentage of nicotine, 1ncreas1ns 
. . -

the poundage per acre , or by a combination of both. 
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very few farmers would be able to state at onoe the 

t,otal hours of labor required to prod.uoe an ac:t"e of tobacco, 

but most of them ca.n name f a irly accurately the tasks that were 

performed and t he time required for each, such as fallowing or 

breaking t he land and sett1~ plants , so that a. correct total 

may be obtained. In the case of N • .. :rust1ca such 1nf'ormat1on 

waa not available . The labor requirements for N. rustic.Sr. have 

therefore been determined by other m ans . As the number of 

plants grown per a.ere is essent.tally the same as in the case 

of the burley type of tobacco, the l abor requirement surveys 

that he.ve been made for the latter should be more or less 

appl1ea.ble to N. rust1oa with respect to most of the important 

oultural 'operatlona. One group of operations, however, would 

n.ot be the same, namely, topp1ng, worming, suoker1ng , and 

spraying or dusting. 'rh1s complex item would corre~pond more 

nearly to the requirements for dar k-f 1.:red tobacco except 

tha.t, since there a re approxi a.tely t wice the number of plants 

per acre, this figure would need to be doubled. Figures for 

the several major operations a. re derived 1n t his way,. This 

item is h ighly important beoause the labor costs 1n growing 

tobaooo is a .high peroentae;e of the total cost. For example, 

t he cost of man labor and horse work constituted 75 .l.% ot 
the total cost of growing flue cured tobacco as computed by 
Unde:rwood(28). For ·N. - rust1ca, the cost of man labor and 
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horse work was 57.8% of the total coat . '?he 1mportant thing 

to remember is that while the man labor 1s charged 1n the eG>a.t 

accounting, it seldom represents a aa.sh outlay sinoe the labor 

is done by the farmer and members of his family . Atter all 

other expenses have been met , the farmer can t hen pay himselt 

for h1.s 1a.bo.r. By dividing the total .number of hours worked 

into the .money left , the :farmer Qan determine his hourly wage 

rate. 

In the case ot the flue - cured tobacco there existed 

a net prof1t ot $42 . 23 tor 438 . 6 hours . Th1s gives an hourly 

rate of $0 . 108. For N. t'Ust1oa, the economic study based on 

the study made by t:Jnderwood(28) shows a net profit of $49 . 59 

tor 2Sl }?.ours . :f!h1s .g1ves an hourly ~ate ot #0 .177 . The:re-

tore , the farmer 1a being pa1d more tor his labor and at the 

same t .1m.e has 157 . 6 hours in which to engage in some other 

profitable ente:rpr1ae. 

As stated before, economio oond1t1oIUJ vary , and a 

given •et of cond1t1one may not be repeated for many yeara . 

'l'he time at which Underwood eonduoted his survey oould not 

be considered normal . Neither oan the p:pesent be considered 

normal._ Certainly, then. any oonolusions drawn trom the 

economic study oan not apply today , nor can they a.pp.ly t .Q 

what may be considered a. normal year. 

However, tmiea.a .the methods of cultivation 1n growing 

toba.ooo change radically, and this 1a very unl1.kely, the 

labor :required will continue to constitute a 1ma.Jority or 
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the oost of gl"owing either flue cured tobacco or ff. ruat.10-.. 

lt the price pa1d for tobacoo, the production per acre, and 

coats other than labor all vary from time to time, and 'these 

1 tams a.re known~ they can be su.bstj.tuted tor the values as 

given 1n Table XX; Summary of Al l Costs and Returns in ?ro-

dua1ng Tobacco, i'a.bl.e . UIIl, Detailed statemen.t of the Cost 

ot Frod.uo1ng One Acre of N. rustioa. Tobacco. and Table xx.rv·, 
Summary o:f All Coats and Returns in Raising One Acre of 

N. rust1oa fo~ooo , and 1t oan be determined whether or not 

it would be economical tio grow N. ,t"U.stic! as a. oa~h crop as 
; 

compared to growing tl.ue cured. tooacoo as a. oash o.rop . 

Determination Qf . MoititllI'"• .1n T<ibaooo •. Tho purpose of' 

the moia~ure d&termina.tlon was to obtai.n data so that a.11 

nicotine pareentages oould be expressed on the same basis ... 

the dry 'basts . It is a known fa.ct that the moisture cont ent 

of tobaooo exposed to the '1tmosph.ere will. cha.n..ge with a 

change 1n atmospher1e eond1t1ona . This pl.us the fact tht:it the 

1nvest1gat1on. was to extend over a. long period of t1me made 

the dry basls the only logical basis tor expressing the 

nicotine content, and frequent moisture determine.ttons were 

therefore neoeasSiry. W•lla(48} c1te• tive methods of deter-

rn1n1ne; moisture 1n tobaeQo . One method was heating the to-

bacco tor 24 hours at 140e>c . and cteterm1n1ng weight loas . 

This method was U!Jed -throughou~ the ,investigation. 

&oss ,Dl.le· to f{e~t!n& . at l40°a .• tor g4 ijoum. During 

the course of tbe investigation when it wat:> diallovered tha.t 
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subjecting the tobacco to heat would probably ca.use some of the 

nicotine to volat1l1ze off 1 a nicotine analysis was made on a 

sample of tobaoeo that had been used in a moisture det·erm1ns.-

t1on. The results of this analysis proved that this particular 

method of moisture determination was unsatisfactory. For sam• 

plea of 0 . 2000 gm. an average residue of 0 . 0050 gm. was ob-

ta1nedJ this 1s a. nicotine content of 0.285%· The n1cot1ne con.-

tent of a. sample that had not been dried was 2 .76% on t he dry 

baste . 
LoEJs Due to Heattms at io2°c. for 24 Hours . It was sug-

gested that the 14000. was too high and that heating at a low-

er temperature such as io5°c .. · would be better. An analysis of 

samples ~f tobacoo that had been dried a.t suoh a te.mperatu%"$ 

proV"ed that this a.l$o was unsatisfactory. For samples of 0.2000 

gm. an average residue of 0 . 0130 gm. was obta ined. This 1s a 

n1oot1ne content ot 0.74%. Thie was also a drop t~m 2.76j. 

Loss ot Bound Moisture bx; Inore9&le .1n Dry1ns Tempera-

ture. Another difference was observed in the results of 

using the two temperatures 1n the moisture determinations. 

With sample s which were weighed out at the same time , t hose 

which had been dr1ed at 140°0. for 24 hrs. gave an average 

rno1st.ure content of l8 .. 39;i& while those which had been dried 

at io5oc. for 24 hrs. gave an a.vera.ge moisture eontent 0.t 
14.18%. This was a 1dlff!!rence of 4 .21% ;which was too much. 

to be accounted for by the amount of nicotine vaporized . 

Therefore , the drying at 140oc. was ei:ther deoompos1ng some 
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constituent in the tobacco or driving off bound moisture; the 

latter is most likely true . 

Theae obaervat1ona , a.long .with the fact that there was 

a loss of nicotine 1n gr1nd1ng due to heat generat ed , indicate 

that the use of hea.t to the extent where it would be positive 

that all the moisture will be driven off, and deter 1n1ng the 

loss by weighing would be an. unsatis.fa.ctory method. 

All nicotine contents 1n this 1nveat1ga:t1on are re-

ported on the so called "dry- bas1su but wh'ich in reality is 

a. moisture tree-n1oot1ne free basis. In the case of the 

ordinary tobacco where th nicotine content never exc.eeded 

l-,60%, the n1oot1ne ·content on an actual d·ry basis would not 

dif'ter to a.ny great. extent from that whJ.ah 1a reported . How-

ever, with N. rustiaa. of 5-7" n1oot1ne oi' higher, the dif'fer-

e.noe would be considerable . 

ImEqrtanoe _of §ampl1n5 •. 'l'he nicotine content ot tobacco 

varies a great deal . It ls known that the nicotine cont ent ot 

tobacco varies trom one part of the leaf to another; f rom 

plant to plant , and from fi ld to :ftald . For example , the 

d1str1but 1on of nicotine 1n N. rustica has been reported a.a 

f'ollowss percentage (water- free basis) of leaf tissue , 8 . 08-

12 , 80; percentage (water- fre basis) of leaf stem or m1dr1b , 

2 . 99- :} . 341 a nd percentage (water- free ba.$1&) ot main plant 

stalk, 1 . 65- 2 . 79 . :In -flue- cured tobacco a. proportional dis -

t ribut i on could be expected . Therefore , 1t is very esae~tia.l 

that representative samples be obtained it the data obtained 
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by such a. sample is to be used 1n processing a l arge amount . 

In this ir1vest1c;at1on, suol1 representative sample 

was not obtained . All tha ordinary tobacco used wae scrap 

and it came from thre different rarms. Also , be1ng eorap, 

the tobacco contained, varying amounts of 11dea 11 tobacco, · that 

whioh had be n left 1n the field too long before harvesting . 

These factors added up to give a mater al w1 th a large· range 

of nicotine cont nt w1th which to work . 

t iile a sa.tiafaetory metho of sampling was worked 

out for small amounts , no method of sa. pl1 so that the 

results obtained could be applied to all o the tobaoco was 

attempted or developed ~ 

Al!! an e.X:ample that the method of, sampling used in 

the case of both l eaf' a.rtd ground tobacco was sat isfactory 

for small amounts , ttent1on is called to the results ot 

Teat Nos . 10- 12 and 13-16, Table XXV , Effect of Particle 

Size , Moisture Content, Treatment With NH3 , and Time ot 
Exposure to HOl gas , on the Conversion of Nicotine 1n 

Tobacco to Nicotine Hydroohlor1d • For feat Noa. 10• 12, t .he 

residues trom wh1eh the average n1cot1ne content was ob· 

ta1ned were: 0 . 0466 , 0 .0473, and 0 ~ 0458 . For Test Nos .. 1'-16, 
the residues tr.om whi ch the average n1qot1ne content was Ob• 

tained were 0 . 0334 1 0 .0345 • 0 . 0342, and 0 . 0332 . Comparable 

results were obtaine<:i th:Poughout the 1nvest1gat1on. However, 

1f out of four s mples . three resul,ts obtained were of the 

same order or magnitude auoh as 11at d above, and the other 



- 114;-

was tar out. of line . 1t was d1acarded . For e;x, mple . the resi-

dues obtained 1n Teets No3 . 17- 19 wer e: 0 . 0296, Q,. 0293, 0 . 0307. 

A fourth residue was 0 ~ 0257 . O v1ou&ly , thia was out of line 

with the other three; hence , 1t as d1.soa.rded . 

Deter~_1na.t1on o'f, Nis;qtin~ content . Even with e. a~t s -

faotory method ot sampling wor ed out , cone latent resulta 

such a.s those cited abov were not obta ed unt11 each 

an lyt1aa.l determ1nat1on was oarr1ed out in a very exaot 

manner. It ws.s found neeeas ry t o evaporate the 11qu1. in the 

d1at1llat1on flask to dryness . Also, the weight o eam~le, 

amount of water and caust1o added and time of dist1llat1on 

was the sa e or each deterrn1nat1on. Thia ·-wa.'s done to reduce 

the poas.!bil1ti:- of ,error 1u an a. a1Jt1qal. deter 1nat1 on th~t 

requires a htgh degree of technique . 

ncot ine Conten.t of N. rusti o,a as, Co. pared l'f 1 t}l Flu~ -

Cured 1'.'oba.coo . The ma,x1murn total nieot1ne oontent of the 

:tlue- eured tobaoeo was l . 59% . his was the, oontent of the 

sample or leaf tobacco . Hence ,. there had been no loss by 

vapor ization or the n1oot1ne by gr1nd1ng no:r- had there been 

any dilution effect or considerable amounts of leaf stem or 

stalk •. 

No analysis of a leaf sample of N. rustioa vas ma.de . 

This was not done bees.use the purpose o:f t,he investigation 

was the prepara.t1c,m of. the 1nseoticida from the entire to-

bacco plant . l he total nicotine content of the ground 

N. rust i ca (entire stalk ) was 2 . 767'· his d oes not seem to 
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be such a great increase over th n1oot1ne content of the 

tlue cured tobacco, But, the aforementioned facts must be 

considered. . Had the entire plant of flue cured toba cco been 

available• the tota..l nioot1ne 001 t nt moat likely would b.a.ve 

been lower• and th differences between the two woula. ha,ve 

been ;nore prominent. 

Or1nd1ns Tobacco. The or1g1nal plan of investigation • 
was not carried out 1n t h is pa rt of the th~e1a. Several 

observations made during the course of t he study m~de it 

apparent that oar~1ng out the original plan would be a 

waste o:f time and no important data could be obtained by 

euoh actions .. 

Cl:Janses -~~n 1P};~n· ot ~rwesti5atioJ?r• Ch1et departure 

trom the org1nal pl n was the deoia1on not tc attempt any 

grinding aftE' r the tobacco had been treated wlth HCl gs . ' 

It was observed that w1th the t obacao whiob had not been 

treated with HOl, th tendency of t h e tobacco to .stick to 

the grinding un1t and sides of the mill was pronounced. only 

when the tobacco was very br1 ttle and t h e mill and the grind-

ing unit ware dry would t here be negligible loss due to 

sticking to the grinding unit or mill . Leat tobacco which 

had been .treated with HOl sas beoame eo limp and sot-I;., 1t 

would have been impossible to grind t lie ~obacoo in eueh a 

cond1ti.on. 

Another part ot the proposed plan tb.at was not carried 

out was attempting to grind t he tobacco in the Lancaster 
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Countercurrent Batah Mixer. Preliminary tests with this piece 

of equipment gave proof' that such an ope.ration was out of' the 

question. The tobacco was not heavy enough to cause t he wheel 

to turn and produce t he gr1nd.1ng action. In the preliminary 

tests only about 1% of t he tobacco being ground passed through 

a 200 mesh screen. 

Grindiga Capacity :Per 'r ime Interv,a.l of the Different. 

GrindiAS Units. Table XXVI, Results of s creen Analysis ot 
Tobacoo After Being Ground in the Rod and :Pebble Mill Using 

i t• Pebbles, 1/2" Pebbles, a.nd Rods as the G~1nd1ng Units, 

glves the re sults of grinding t he tobacco with 1 11 pebbles, 

l/2° pebbles , and rods. · In this 1nvestigat ·ion the grinding 

¢apa.c1ty _of' the.~. dit:rerent uni'ts for a g~ven t1me interval 

was be1ng sought. In a.otual pract1ee, no screen a nalys1e or 
the ground product would be made wtth the except ion of t he 

separation of the produ.ot into a.. size that would meet 

spec1f1oat1on and that whioh would not. Also, .in pra.ctioe , 

all the original charge would not be returned to the mill 

for additional grinding. Only t hat pa rt .1nsuff1c1ently 

ground would be returned. The re·aults of Table .XXVI seem to 

1.ndioate that none of the grinding unit s were capable of 

attaining t he grind ing prot1o1ency desired .• All of t he to-

bacco tha t passed through t he 200 mesh screen was retained.. 

on t he 325 mesh so~Em • . However , t he data does not tell the 

complete story. After t he particle size had been reduced 
;. 

so that 1t would pass through a 200 me sh screen theI'e was an 
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increase in the tendenay ot the particles to st1ok together. 

It did not form. hard cakes or balls , but small balls th.at 

could '.pa d .1slntesrated wi th a very sl.ight touch . Also, during 

one or the preliminary tests , ahak1:ng on the riddle overnight 

resulted 1n about 10% or the total tobaooo ground passing 
' 

through the 325 mesh .screen. These observations indicate 

that some of the toba eco was reduced. in s1ze to the extent 

that it would have .passed t hro·ugh the 325 mesh soreen, al-

though t hi s 1s not indica ted by t,he results in Table X.XVl, 

Results of .Screen .Analysis of Tobacco After Being Ground· in 

the Rod and Pebble Mill Using l" Pebbles , 1/2!' Pebbles, and. 

Rods as the Grinding Units . -

The pero·enta.gea.· of Ta.bl$ XX:VI s.r!:) 'based on the origi-

nal oharge to the mill of 500 gma . of tobacco . The weight 

ot the grinding unit 1n each oase wa.a 10 Kg ~ For grinding 

capacity for a. given t1me interval, the rods proved the 

best .• A.t th end of bath the 5 hour and 10 hour grinding in-

t ervals the :rods gave a h i 5her ef:f'1o1enoy of si,ze reduction. 

At the end or 5 hours the percentage that passed tl"J>ol:lgh . 

the 200 mesh screen was 53 . 60% compared. to 47.00:fo and 46 . 60% 

for the l/2u pebbles a.net lu pebbles respectively. At the end 

of 10 hours , the percentages were 66 . 60% for rode , 55 .70 
for l/311 pebbles and 20 . 60% for 1 '' pebbles . Th1 s l atter t'ie;-

ure 1s not a. true ~nd1aat!on o.f the grinding capao1ty of 

the l It pebbles, as indicated by tne drop from 46 . 60% at the 
' ~ 

end ot 5 pours to 20.60% at the end of 10 hours . A l a te 



- 118-

afternoon rain on a. hot au.mme:r day r a ised the relative humid-

. 1ty to about 90~ at the time the tobacco w.ae on the riddle . 

The slight increase in t h percentage that passed 

through t he 200 mes screen after 5 add1t1onal hours of grind-

ing would not be enough to just1f1 more grinding aft er 5 

hours . However, the trend of the r.eaults indicate that th1$ 

ma.kea no difference in the rating of the grinding un1ta on 

t he grinding capa.oity per interval of time basis. 

Th rods were the best on th1s oasis with the 1/2" 

pebble s second , and l 1• pebbles third . This can be explained 

by taking into consideration the grinding area per unit 

volume Of gr1nd1ng unit ~ Except for irregularities on the 

surfaces .of' the ··rods, the entire length :Of the rod oa.n serve 

as grinding ~urface . In the oa.se of the pebbles , t his 1s not 

true . One pebble can come into eonta.ot with another pebble 

at only one point which is a very small perce.ntage of the 

tota l surra.ce area of the pebble . With the i•• pebbles , the 

number of contact points , ana hence , grinding au.rfa.ca , 1s 

small r per unit volume than th,e .number of conta.et points ot 
the l/2tt pebbles . 

Loss o.t N1cot1ne Pue to Heat Generated 'While Gr1nd1BS.!. 

The gr1nd1ng· capac1ty per time 1nterva.l 1s not the only thlng 

that has to be considered . At first this was thought to be 

true . However, with the· cc> pletion of 11'-ast Nos . 13- 16, 

Table XXV , Effect ot Parttcle S.1ze , Moisture Oontent, Treat-. ,.. , 

ment \'Ii th NH~·,_ and 'l'i 1n:e of Exposure to HOl gas , on the 
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aonvers1on of Niootine in Tobacco to N1cot1ne Hydroohlorlde , 

us i ng tobaoco ground with the rode , the total n1oot1 · content 

dropped from 1.51% as determined 1n Test Nos . 1 - 3 to 0 . 95%. 

There were several possiol · e:xplana.t1ons . A cheok on the total 

n1eot1ne content by anal ys1s of more samples gave comparable 

results and eliminated the possibility or such great error in 

Test Nos .• 13-16 . Therefore ~ t wo po.ss1b1litie·s remai ned . The 

first ot these was t he dilution effect. ot 'ihe leat stem due 

to lower nicotine content of the l eaf stem. Upon gr1nd1ng, 

the pr oport1on of leaf s tem to l ·eaf tissue would be greater 

than in a sampl e of leaf tobacco . The other possibility wae 

th.at t he heat generated duri ng grinding would vaporize some 

of the ntcot1n~.• 

Ts.ble XXVII , Effect of Grinding on the Losa ot N1oo-

t1ne From Tobacco by Vaporizat ion Due to Heat Generated Dur-

ing the Grinding , and F1gur$ 4 show the result s of t he time 

ot 5rinding upon the loss of n1oot1ne . This gr1nding was 

done with rods . 'i'he nioot1ne content dropped from 1 •. 59% ln. 

a sample that was not ground to 1 . 03% 1n a sample that was 

ground ~ hours. The sharp drop between the tobacco that 

ha.d not. been ground and tbe tobacco that had been ground 

tor l hour probably 1nd1eatea that t he dilution effect ot 
t he leaf stem ls a. faotor t o be considered . The slight de· 

crease between l apd J2. a.n>i 2 and 3 hoUfS grinding indicate 

that 1n that i nt erval of time , the amount of heat generated 

was 1nauff'1e1ent to cause very much of the nicotine to 
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volatilize . However , at the end of four hours , the n1eot1ne 

content showed another considerable decrease and 1t was ev1-

dent that the continuous grinding action had generated enough 

heat to cause ser1ous loes of the nicotine by vapor1zat1on. 

rend~ncy ,ot ,I:nd1v1dual Grinding Unit to Generate Heat . 

Still another factor to be considered 1n selecting the best 

grinding unit is the tendency of the unit to generate the 

haa.t by fr1ot1Q!l, the spec1t1o beat. and suoh other factors 

ae would determine whether the heat woUld be d1sa1pa.ted 

quickly or talten up and held by the unit . No spee1t.1c data 

was obta.1ned on th1s , but Test Nos . 27- 29; Table riv , Efteet 

of Particle Size, Moisture Cont ent , Treatment W1.th NH3, and 
. . 

1'1me or Exposure to HCl gas , on th$ conversion ot N1cot.ine 

1n Tobacco to Nicotine Hydrochloride, were conducted w1th 

tobacco that had been ground tor 10 hours w:i th the l/2 t1 

pebbles. The n1oot1ne content in t his oase was 1. 40,%, a re ... 

duot1on of only 0 .11% from the 1.51% of Test Nos. 1- 3 · On 

the other hand Teat Nos . 13-16 were performed on toba.oeo 
that had been ground tor lO hours with rods . The nicotine 

eontent in this oase was 0 . 95%, a reduction of 0 . 56~ from 
t he 1 . 51% ot Test Nos •. 1-3 • 

. Th.1.s is not eonclua1 ve evidence , but it indicates that 

t here is a difference . More d.a.t a would have to be obtained 

to form any conclua1on. 

Qonversi,on qf Nicot1.ne to Nioot.1.na Hzdroohloride •. The 

effect of several variables upon the conversion ot n1aot1ne 
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to nicotine .llydroehloride by t~eatment of the toba.eeo with 

HCl gas was 1nveat1ga.ted . The~e variables were ; pa.rt.iole 

s1ze • time of treatment with HOl gas, and moisture content . 

The a.mount of HCl gas per unit of time; the arn0unt of tobacco 

being treated, the temperature, and the pressure were eon-

st.ant . 'fhe amount of HCl ga.s per b.our was the amount generated 

by the reaction between 100 sms. Na.Cl and 40 ml •. of Ha~04 . The 

temperature wao always .room teJliperature,, and the p:l"essure was 

only that exerted by the generated HCl gas . 

Table XJN , Eftect of .Particle Size , Moisture Content, 

Treatment With Nif3.11 and Time of EXposure to HOl Ga.$ , on the 

Conversion of Nicotine . ;tn Tobaeco to Nicotine Hydroohloride , 

1s a oomp11at1on ot the .results of' thee*) ,investigations . 

Time ot Tr~~tment With HOl Ga.a . The first thing that 

is apparent trom the re sults of Table XX:V , is that 1 hol.ll" of 

t:rea:tment with flCl gas i :s suftie1ent to convert al.1 the n1oo-

t1ne that 1.s available for oonversion. With t he leaf tobacco 

treatment w1th HGl gas f'or 2 and 3 hours gave no better re-

sul ta tha.n treatment w1 th Hal ga·s for l hour·. With the SJ"Ound 

tobaoQo., treatment tor .2 hours save no better res.ult&. 'than 

treatment for l hour . In. fact, 1n both cases, the percent.age 

ot n1,aotine oonve.rted became smaller as the time of treatment 

was increased . 'l'hie may have been due to dif'ferenees in the 

nicotine content of the samples . Howev"er, it seems to be 

more than a ao1ne1dEJnoe that this shoul.d happen with auoh reg-. ... ,. 

ulari ty . J?robably:i the oontinued exposure to the HOl gas 
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results in the format.ion of' another compound ether th n nico-

tine hydrochloride. The formation of nj,cot1ne hydrochloride 1s 

an adeUt1on reaction, the HCl molecule being added to the 

nicotine oleoule . Perhaps the continued exposure to the HOl 

gas caused some breakdown or a substitution reaction to take 

place • .such an entirely dif'f~rent compound would not undergo 

the same r action e.s nicotine hydrochloride. However, sinq,e 

suoh a r eaction would be defeating t he puz~pose of t hi s inves-

tigation, it is desirable to suppress 1t as muoh as possible. 

Another possibil1ty to be considered 1s that expo$ure 

to the HCl gas for more t han 3 hout>s may result ln the hydrol-

ysis of some .of the ·n1<iotinef eate:'s giving' more free nicotine . 

Effect of Particle Size. The eff~ct of varying t.he 

partlcle size o:f the tobacco next oomes under observa.t1on. 

Only two sizes were used in the 1nve:st1gat1ons; l€1a:f tobacco 

and that whioh had pas:seid through a. 200 m.esh screen. By com-

parison of the results of Test. Nos . 4·12 and 17- 22 , Table 

X:XV, Effect of Particle S1ze, Moisture Content., Treat ment 

With NH3 , and Time of Exposure to HCl Ga.a_, on t.he Conversion 

of Nicotine in Tobaooo to N1cot1ne Hydrochloride, it seema 

that a deer ase 1n the particle s1~e re.sul ts in a slight de-

crease in the percent of nicotine converted . Howe.ver, late~ 

developments in the 1nve$t1gat1on gave an explanation of this 

·Which clearly demomstrated why this was not the case . A study 

of Table XXV ; Table XXVIII, Results oi.' ~t~am D1st1l.lat1.on Of' 

Ordinary Tobacco Without caustic to Determine the PrQport1on 
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o:f Free ~ iootine to Total Nicotine Content , and Table XXlX., 

Result s of Steam D1at1lle,tion of ti · rust1ea f\oba.cco Wi thout 

caustic to Det ermi ne the Proportion of Free Nic otine to Total 

Nicotine Content , e.nd Fisuree 4 and 5 provide the explanation. 

! t was shown in Tabl e XXV , T•tfeot o f Pa.rt1.cle Size , Moisture 

Content, Treatment With NH3, and T1rn& of Exposure to HCl Gas ., 

on the Conversion of N1oQt1ne in Tobaoco t o N1eot1ne Hydro-

chloride , and .1gu:re 4th.at some nicotine was lost by va.por-

1zs.t1on during grinding. It was not unt11 later that a sug-

gestion resulted i n the data g iven 1n Tables XXVIII , . eaults 

of Steam Distillation of Ordinary Toba.oco Without. Oaust1o 

to Det e r mine the Proportion of Free Nicotine to Total N1oo-

t 1ne Cont'ent • and X..X.!X ,. am the curves . of Fi gure 5 . Thi t 

1nd1oe.ted that t he n1ootine .in the tobacco exists 1n two 

forms - that as free nicotine and t hat whioh existed 1n some 

combined torm. I t is reasonable t o expeot then that the i'ree 

nieot1ne would be more susceptible to vaporization by heat 

t han the combined form . Therefore , the proportion of free 

ni oo·t1ne to aombined f or m 1s reduced with a g1 ven a mount of 

vaporization by heating . For example . suppose t he total nico-

tine content .or tobaooo 1s 1 , 50% of which 1 . 00% exlsta in 

aomb1ned f'orm. This would make one th1rd of t he total nicotine 

content available for> conversion to nicotine hydrochloride 

1mmed1atel y. Now supJ;)'o:Se upon heat1.ng , ' the t otal ni cotine 

aontent 1s r~duoed t o 1 . 00% . It 1s in o;-der to expect t~at a 

higher proport1on of the free nicotine to vapori ze than the 
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combined nicotine. Suppose then, three parts of free nicotine 

wer e loat f or two parts ot c ombined . Thau the l . 00% W'OUld . 

consist of o.80% combined nicotine and 0 . 20; free nicotine, 

'fherefore t here woti.ld be only one tifth of the total n1ootine 

content availabl e f'or conversion to n1oot1ne hydrooblor1.de 

upon treat m nt with HCl gas. 

ln worki ng out th1$ explanation, the r eason for such 

l ow perce>ntages or the total nicotine content being converted 

to nicotine hydrochloride wa s xpla1ned• Figura 5 indicates 

that the ratio ot f .ree n1oot1ne to combined nicotine was 

small . Actually then, it 1s po sible that all the free nico-

tine was being eo.nv~rted. 

Effect d-£ G~ts . !re8Jtll1&1rlt . oil G:r~nd.1§ Pro12ert1es '11'. 

Tobacco . Even if the treatment of the l eaf tobaoeo with HCl 

gas had r-eeul t ed 1n a h i gher · percentage oonversion, 1 t would 

have been no advantage to do s o . The toba.oco a fter the treat -

ment with the HOl would have been t oo soft and 11mp to be 

ground. . 

Effect Qf Moisture Content . Pf Tobacco . Before the fact 

was brought out that the n1cot 1ne did exist in two fo.rma in 

t he t oba.oeo i t was t hought tha t the HCl gas was not coming 

into contact with the tobacoo sutfioi nt.ly to g ive a aotnplete 

react1on. Therefore ,. it was deo1ded to increase the mo1.st.ure 

content of t he tob~co-0 ·With the t hought 1n mind that the HCl 

gas ., be1ng v ry soluble 1n water. would :. be absorbed by t?e 

water and thus oome into contact w1t.h t he toba.coo . Of course , 
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when 1 t was L ter brought out about t he nicot ine existing 1.n 

t wo states in the tob coo , the explanation was apparent. but 

t he results or Teat Nos . 23- .26 ot Table XXV , ' Effect of' Part.1cle 

Size , Moisture Content , Treatment With NH3, and ime ot Ex-

posure 'to IiCl Gas ,, on the Oonvera1on of N1oot1.ne 1n Tobacco 

to Nicotine Hydrochloride, w~s enough to conclude that an in-

ereaae in mole t ure had no etfect upon tµe percentage· of nieo-

t1ne oonvertad to n1cot1n hydrochloride. 

Jf1x1stenQe . Q'f 1cot1ne 1n ,tw;o orms 1n :.to]??:cco. After 

valt')'1tl8 both time or t~eatment with HCl as and.the moisture 
content had tai,led to produce an increase i n the percentage 

ot nioot1ne. converted , the suggeat1on wae made about the 

nicotine ,.ex1st1ng as the ree nicotine ~nd. the c~olllbin d tot"m . 

This led to the 1nv st1gation t hat resulted. in the data ot 

Table XXVIII, Results of Steam Distillation of Ordinary To• 

ba.ooo Without Oau.atio to Deter 1ne t he froport1on of Fre 

Nicotine to Total ~1cot1ne Content; •rable IX, Results ot 
.steam D1st1llat1on of f! • . ruet1oit Tobe.oco W'1thout oa.ust1o to 

Determine t h Proportion or Free ' 1eot1ne to Total 1aot1n 

0:0ntent , and igure 5 , Th1,e invest1gat1on clearly showed 

t hat the proportion of free nicotine to combined nicotine in 

the fl\1e cured tob oco was mall . It also showed that in the 

ease of N. rustioa. the proportion of free n1cot1ne to com-

bined nicotine was :srea.ter . nd this lq,tter fact also e.x-

plained the much higher percentage of conversion when the 

N. ruatica was treated with the HCl gas . 
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Effeot of tra3 Treatment Before HCl Gas Treatment. The 

problem of treattng the tGbaceo in some manner to reduce t .he 

combined ni cotine to free nicotine betore treatment with HOl 

was then considered. It was decided to treat t be tobaooo with 

NH' before treat ent w1th HCl to attempt to ohange some ot 
the combined nicotine to a. :f'orm ao that the trea,tment w1th 

HOl would conve~t t he n1oot1ne to nioot1ne hydrochloride. It 

was known that t he ad.di t .1on or NaOfl in the anal ytical determ-

ination produced a hydrolys1s of the aomb1ned nicotine to a 

atate suoh that it wae easier to steam d.istill ott. Esters 

also undergo a.mmonalys1s with NH3 to tot9m amides . Other types 

of or ganic compounds react with NH3. so it' was decided to 

treat. th$ tobac~o with · NH:; before t.reat~ent with HOl to see if 

such :rea.ot ions would t ake place f\nd oonv·ert the oomb1ned 

n1oot1ne to some form such that subsequent treatment with HCl 

would produce n1oot1ne hyd:rochlor1de. The results ot Test 

Nos . 30-35 ot Table X:XV, Effect of Partial& Size , Moist~e 

Content, Tr a t.ment With NH:;;; and Time ot Exposure to HOl gas, 

on the Conversion o.r N1oot1ne in Tobacco to Nicotine Hydro-

ehlor1de, 1nd1cate that such a. procedure does have an eff'ect 

upon the percent age ot n1oot1ne tinal.ly . converted and. loa't 

by vaporization dur ing the react1on with lime. cens1uera:bl$ 

investigation along this 11ne is desirable. 

No data was: obtained as to the result of not us1ns 

NH3 before HOl in the treatment of N. r~stica . Table XXI?t• 
Results of Steam Distillation of N. r ustiea. Tobacco Without 

' . ' . - ' 
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caustic to Determine th Proportion of Free Nicotine to Total 

Nicotine Content, and Figure 5, 1nd1c te that the proportion 

of free nicotine to combined nicotine 1n the :N. ruetioa wa& 

oonsiderably h:lgher than. in the flue cured tobacco . 

Val1d1t;r of ~et.hod. U~ed to . Determine t,he An!OtL"lt ot 
N-?-eotin~ Convez:ted t? N1cot1ne,H;rdrochlo~1de . The method used 

to determine the percentage of the tot 1 n1cot1ne co t ent 

~hat waa converted to nicotine hydroohlor1d.e was based on 

the est ablished practice of adding l~me to the 1nsect1oide 

dust s an act1v tor • 

. Reaction to_ I;1qera.te 1cot1,n~ . The lime reacts with 

the n1.oot1ne s lt, $uch· as n1eot 1ne sultate or nicotine hydro-

ehlot-1de ,. in th .. preeenoe of mo1st.ur , ~nd torme 'tree nieotine 

and calo1um ohlor1d • Then the nicotine 1t3 free to volatilize 

off , making t he action ot t h e 1nsect1oid tha.t of a fumigant . 

question may be asked as to why the n1cot1ne 1s con-

verted to .nicotine hyd.roohloride and then changed back to 

tree n1eot1ne . The n1cot1ne in the pla.nt 1s volatile, but 

unless 1 t 1.s under the influence of some driving force such 

as heat , the loss 1s very slow. If th1a were not tru all 

the nicotine would be lost trom tobacco such as t he flue cured 

tooaooo used in t h is investigat on w ich wa.s at least a yf!Jar 

old. 

Alte~M.t 1"{es !D .ft::Q.duc1rm Dust l,r;v~eot,1e1se . It roust be 

remembered that there are two ltern ttves 1n producing a d.ust 

:1nseot1e1de. One 1s to make the dust ot euoh a natul'e that the 
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nicotine w 11 be a.a volatile as possi ble .and the maximum 

amount be given off in the minimum of time . The other is to 

make the nicotine less volatile .• so that the dust Will act 

more slowly but for a .longer time . 11he first of tb,...se is the 

important one here . 

Acclera.ted ya13orization of icotine 1n Dust . The nico-

tine freed as a r sult of the reaction between the nicotine 

hydrochloride and the lime 1e 1n a state th t would be more 

suecept1bl& to vaporization th n free nioot1ne in the origi-

nal tobacco . The heat of solution of hydr.ated lime 1n water 

is 2 . 79 lr:g . cal . /gm. mol diluted in 2500 mols of water . The 

heat of s olution or ·n.1oot1ne hydrochloride 1n water is 6. 56 

kg . oal .. / gm . m ). at 1nf1n1te d11ut1on. pince the reaction 

takes place 1n the pt"esence of moisture , the r esultant heat. 

is su:ff1ci.ant to vaporize the free :nicotine freed as a pro ... 

duct of the reaoti on. 

Combined Nicotine L1~e~a,t~d bz Lime . it'he quest1·on may 

also be asked about the ~ffect of the reaction of the l1me 

with some of the combined nicotine which results in changing 

the combined nicotine to the free state ju.et as the add1t1on 

cf' oauat1o liberates the n1oot1ne in the analytica l analysis . 

The· undoubetedly takes place and is an advantage . After all , 

the purpose 1e to make the dust such that the n1oot.1ne will 

be a s volatile as ;possible and t he maxJ.mum amou~t be g iven 

off in the minimu.'ll of time . But , since the blank (ungaased) 
~ 

sampl s were mixed with lime before analyzing j'uet as th · 
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gassed s mpl ea wer • th per cent of n1cot1ne converted. w s 

bae d on the total n1cot1n content ft e r suoh a re .ct1on had 

taken place . The check on T st os. 13-16 ot Table XXY', Effect 

of Pa.rt icle Size , l! o sture Content, Treatment - 1th rn3, and 

Time of Exposure. to HOl Gas, on the Oonvera1on of Nicotine 

in Tobacco to Nicottne .ydrochloride, that wns previou ly 

mentioned wa.s with tobacco t hat had not been mixed with lime . 

This gave a t otal nicotine content of l . Ol~ as ootnpal"ed to 
0.95% of Tests os . 13- 16. 

D1f.terence 1n Aotual and Pest Cond1t1ons . When the uet 
' ' 

is being used , the dew provides the water and the air currents 

c rry the vaporized ·n1crnt1ne off . ·~ lso ,. the dust is spread 

out 1n a ;very th1rt layer- and all the :t:r~e n1cot'tne formed hae 

a c ance to be carried off . la was not the case 1n t hi s 

investigation ~ 'fu.s lime was mixed wtth the gassed tobacco and 

put into a crucible . '!'his tvas allowed to eet 1n a. room with 

no more c1roulat1on th n the nor al vent11~1ti on . Also the 

tobacco and th~ lime tilled t he cruc1ble to considerable 

depth such that perhaps some of the n1c ot1n :freed was pre-

v ented from be.ing carr1ed off fter it was liberated . here-

f'ore, t 1e resu.l ts obt 1ned might be lower t han what could 

r sult 1n actual use . 

. j. 
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Recommendations 
~··· -

The f ollow1ng recommendat one are made for ruture work 

on this subject with the thought in mind of developing a con-

tinuous process for the production of' a nicotine hydrochloride 

dust 1nseot1cid.e tx-om the entire N. rust~ca plant . 

SS.mEllng fo;r qa;rload Lqts. The fil"st operation recom. ... 

mend.ad would be a cutting of the tobaooo plant • stalk and all, 

into s mal l pieces before feeding to the grinding t.o.111 . Th1a, 

would make it easier for the stalk to e ground and become 

evenly distributed throughout the ground .leat t3,asue. Then, 

a.ft-er gr1nd1ng; .~.a sampl·e taken by an apP,roved stand.a.rd method 

would contain an equal d1str1but1on of the three components 
I 

of the plant and an overall nicotine content could be obtained . 

It the stal k were not chopped up into smaller p1ecea. the 

leaf tissue and leaf atem ·woUld be ground much easier than 

the atalk and the sample taken would not contain an adequate 

proportion of the ground a'ta.lk. 

Method of Determ1nat1on of Moisture Content . The follow-

ing method of determination of moisture content is recommended . 

A sample of 50 gms . of toba.ooo and 200 ee •. of gasoline a.re 

put in a flask to which is attached a. verticle condenser .. Heat 

1s applied, and the, mQ1t;itu.re 1n the tob~cco vaporizes w1 th 

t he gasoline. The vapors condense and drip down into a tube 

calibrated 1n oc. The condensate s eparates 



into two immiscible layers. When the volume of water 1n th.e 

oallbrated tube bas become constant, 1nd1oat1ng that all ot 
the mo.isture in the tobaooo has been evaporated. oft, the 

volume ot water in tne 50 gms. of tobacco is read oft in ec., 

from wb.1.oh the pe?' eent moisture is caleulated. The n1eot.1ne 

in the toba.ooo wouJ.d undoubtedly be driven ott by the heat, 

but 1t would not be measured a. a, it ·«:~•uld 1.n t he oa se ot 
ta.k.1ng t he loss :ln W$1ght (5 O) ., 

~~me .or _·Jtrea;t;SQen1LW1th. HQl 2as. one hour was shown to 

be suft1e1.ent t .ime of treatment w1 th HGl. Howeve~, this doeQ 

not mean that some time under l hour would not be sutf1o1ent. 

Therefore, it is rec·omrnended· that t he trea:·tment. with HCl tor 

interval~ of time lees .than l hour be 1nvest1gate(l to determ-
ine the minimum time required to convert the available n1.eo .. 

tine to n1oot1ne hydreohloride . 

Ft,ttect <:>f O~r1m> ,an4 Dryiqg FroQeae. o:q tae.Pro:QOrt!Pn 

of _ Fx-e,e N1oot1ne . to combine~. Nieot1ne 1n Tooaeco. It is recom .... 

mended that a series ot 1nvestiga.t1one l:>e mad~ to determine 

the proportion of tree n1c:ot1ne to combined nicotine at 

d1tte:rent stages of d.ry1ng o.t t he tobacco from immediately 

atter the tobacco 1s cut unt1l i t has been completely dried 

or eured. . 

t r eat ment W1th NH~ . lt is recommended the.t further 1n-

vest1gat1ons be made to determine the efteot of treatment wlth 

NRJ to ~hange the 009b1ned nicotine to _ ~he tree state , and 

the optimum time of such treatme ntS51 ) . 
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Method to Determin~ Percentage o;t N1ct;>t1ne . Converted to 

N1oot1r,ieHyd,rognlo:r1~e _ a.nd. G1ve Deta r or M~terial Balanoe. It 
is 'i:·Elcomme.nded t hat the rollow1ng procedure be followed to 

determine t he percentage of n1oot1ne converted to n1c.otine 

hydrochloride and at the same t ime secure data t hat eould be 

us$d in making a material balance . The n1cot1ne oontent is 

determined. in the us\18.l manner . Then samples of a speo1t1o 

amount a.re w ighed out. an'1 .subjected to treatment with HCl 

gas.. At ·the end of t he gas treatment , the samples ~re weighed 

a.gain to determine the 1nc~eaae 1n weight due to the addition 

of the HCl molecule to t;he nicotine molecule. The gassed to-

bacco and lime are mixed and· spi;"ea.d in. a th.1n layer on the 

porous bo.ttom of a oont aine r. Suoh a oo:i:ita1ner can be made 

by inserting some porous substance such aa "F1ltroa 0 into a 

l arge gl ass tube. Enough mo ist.ure is added to cause the 

rea ction between the nicotine hydrochloride and lime. A sl1ght 

eurrent of a ir trom a compreseed a1r source is direoted Up 

trom the bottom of the glass tube and. passed t hrough the porous 

plate to carry oft the n1cot1ne vapors aa it 1a vaporized. 

After a :r-easona.ble time , the mixture or lime and tobaccQ is 

weighed aga in to determine the loss i n weight. The loss in 

we18ht divided by the weight of nlootine 1n the or1e;1~al 

sample would g1ve the pe rcentage of the nioot.1ne conH~rted to 

nicotine hydrochlo~ld~ ~nQ. then lost bY, vaporization or the 

tree n1eot1ne formed by the reaction between the n1eot1ne 

hydrochloride and lime . At t he same time_, valuable data. that 
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could be applied to the problem of maki ng a material bal ance 

woUld be obtained. 

Other Gr1nd1ng EqUiptnen~. It is recommended that the 

uae of a hammer mill be invest i gated in gr inding t he tobacco • 

.Perhaps the ha.mmers woul d be just the correct t hl ng f or break-

i ng up t 1e plant ata l k - Also, the rubbing action or a gr1nd1ng 

uni t is not present in t his, type of mill , and consequently the 

heat generated would be very small . 
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The experimental part of t h is 1nTest1gat1Qn was con-

ducted under the following 11m1t1ng conditions. 

l. Time ot treatment with HCl gas; 1,2, a.nd 3 houre. 

2. Size ot tobaoco- Ground ( 200 me.sh) and ung.round 

lea.t . 

3. Moisture aontent or tobacco- 15.48_%-18.67%: 45.04%. 
4. Temperature- 60 ... 90°F. 

5. Pressure- At mospheric. 

6. Ti me of gr1nd1ng- ·5 and 10 hours . 
7,;, Gr1noJ,ng equipment- Pattereon. Rod a.nd Pembl e Mill 

using 1/2'' pebbl es, l" pebble• , and rods as gr1nd1ng 

unite •. 

8 . T1me of trea:t ment with NH3- l hour. 

9. Moisture deter.m1na.t1on- Loss aft er drying at 140°0 . 

tor 24 hours . 
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v. CONCLUSIO~S 

On the basis ot the results obtained in this 1nveet1-
' 

gation the following oonc:lusions a.re m de: 

1. Using t he survey made by Under wood( 28) on the 

aoonomica of growing f. ue cured tobacco a.a t he b sis, N. ru~ ... 
tic~ could h~we competed with flue cured toba.ooo as a. comme.r-

c1al crop at a selling price of #0.04 per pound in 1933 on 

basis ot economic orop production. 

2 . Upon drying at 140oc , for 24 hours the niooti.ne 

~ontent of N. rustic~ was r educed from 2.76· to 0.285 • Upon 

drying at . l05°o .: for 24 hours, t he nicotine content of N. rue-
~ . ~ ~ 

~was r educed fro 2.76% to 0.74~. 

3. The amount of tobacco tb,at passed t hrough the 200 

maah screen attar 5 hours of grinding was 53 .60,%, 47.00,%; and 

46.60% of t he original charge to the grinding mill using rods, 

1/2 11 pebblea, and 1 11 pebbles,. reepeot1vely. At the end of 

10 hours grinding,, the amount of tobaooo that passed through 

the 200 mesh screen was 66 . 60% and 55.20;; of the original. 

charge to the grinding m111 using rods and 1/21
• pebbles, 

respectively. 

1+ . The Lancaster Oounterourrent Ea.toh Mixer 1s un ... 

eu1 t able for gr1nd.i tob~eeo . At t he end of a preliminary 
,,. , - " 

gri nding t est, 1% of the or1g1nal cha rge to the equipment 
. ), 

passed thro h the 200 mesh screen. 
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5 . The tobacoo has to be gr ound before treatment with 

HC l gas because treatment of the l eaf tobaoco causes 1t to 

become sort and 11mp so that grinding could not be aooom-

pl1shed by t he use of' rods, 1/2t' pebbles, or 1 11 pebbles in 

the Patterson Rod and Pebble Mill. 

6. t the end of l hour gr1nding with rods, the nieo-

tine content. was reduced. f r ont l.59% to 1. 31%. At the end or 
2 hours grinding , t he ni cotine content was 1 . 28% ~ At the end 

of 3 hours 1 t was 1 . 2'+% and at the end of 4 hours grinding, 

the nioot1ne content wa s reduced to l.03%• 

7 . The n1eot1ne content or t obacco was reduced from 

1 . 51% to O. 95% by gr _i.nd..1ng 10 hours w-Jl th rods . I t was re-

duced to 1 . 40,% py grinding 10 hour-a with 1/2'' peb"bl es, 

8 . One hour of treatment with HOl gas '119. S sufficient 

to convert all the available nicotine to n1oot1ne hydro-

chloride . Treatment of leaf tobaooo w1 th HCl gas. and mixing 

with l i me r esulted in 15 . 89%1 14.57%, and 13 . 91% of the 

total ni cotine content l ost by vapo;rizat1on at the end of 

l, 2 and 3 hours of t r eatment wit ... HCls;ts , r e apectiva.ly . 

Tr eatment of gr ound (200 mesh) tobacco with HCl gas and mix-

ins with lime resulted in 11.58% and 10.53% of the total 

nicotine content los~ by vaporization at the end of 1 and 

2 hours of treat ment w:tth HC l gas, re,spectively. 

9. The maxi mum percentage of total nicot i ne content 

of l af toba cco lost by vaporization by treatment with only 

HGl gas and mix:tng wi th l ime was 11 .. 58%~ 
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10. The percentage of total nicotine content of tobacco, 

conta ining 45.04~ moisture, l ost by vaporization was 10.53,%. 

The percentage of total nicotine content of tobacco containing 

18.50% moisture ,. lost by vapori zation wa s ll.58;;i . 

11 . Tr t ment of ·th toba cco with NH3 .for l hour , sub-

sequent treat ent. w1th liCl gae for l hour, and 1,xing with 

loss by vaporization of 22.86,g of the total n1co-

tine content . The max1mum pere .nta.ge of total n1oot1ne loss 

by vapori zat ion by tr a.tment with only HCl gas a.nd mixing 

with lime was 15 .. 89 ;;i . 
\ 

12. The treat. rnent of N. ruet1ca with NH3 f or 1 hour, 

subs quent t r t nt ·with HCl as for 1 hour t and mixing with 

lime resul tad in a l .oss by · ve.por1zat.1on ,of 53 . 18% ot the total 

n1cot1ne content . 
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VI_ • . SUM U-i.RY 

Nicotine or nicotin compounds have long b ·en used 

a insect1uides . N cot1ne insect icides ha.ve many uses a.nd a re 

1n great demand. . However, tob' coo, t he source o - 1eot1ne i s 

euoh a. valuable cCtt11.cdi ty that onl S•:!rap tobacco i.s used for 

niootine ro uction. onsequently, there ia a st . . r tage of 

n cotin fo" ine ct!c ida.l purposes . 

T-ere are two spec ea o~ t obacco 4 hat are suitable as 

a source Of niootin • 1J.1hese re N. ta.bacum Which ie ordlr..aey 

t obacco ,, a nd N. rust~ o~ ~ In experimental plots, • rustlca 

haG conaiatantly. produced. more n i cot ine ,per acre than ordinary . . .. 

t obacco . However . the -. rusti ca haa never been grown as a 

commerc ial crop . 

One purpose of this investigation was to deter mi ne 

the economic t eaaibility of growi ng N. ;rustica as a cash CI'QP 

as compared to flue cured tobac co by det.ermining the price 

per pound t.hat a tobacco .farmer would have to sell M. ru t1ca 

t o make the same profit he rea l izea from flue cured tobacco. 

The other objective was to produce a n1 oot1ne hydrochl oride 

dust 1nsect1o1de f r om t he ent.1re tobaoco plant by treatment 

of the t obacco with HCl gaa . 

r eview of ,the literature ilas o.onduotea . 'l'h1 s review 

was divided into th.re& sections : cost ot growing flue cured 

tobacoo ; cost of g r owing N. rustica1 and preparation of 
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nieotin dus 1nsec-t~1o1des . 

From the :review o:f the litorature , the conom1c feae1 -

bil1ty of growing • rust i ea was determ ned . 

ln t h pr para ti on of the n1 ot ine hyd'z•o ch lorid dust 

inseio :l oide , th arreot of several variables upon the percent-

age of 'tot.al n1 ootine oonver tod to icotine hydro blo.t·ide wa.s 

lnves 1gated . Tl ese va. ables wore; slze of particle , time of 

treatment fit H l ga s, rao1sture c ntent , and treatment of the 

t baao o w;L t h N'.H3 'before treatment uj;l:.h HCl gn.s . 'l'he temperature. 

pres aura, a 1d amo' .. mt t .. O g s used wer e hel d oonstant ln 

tha t the t emperature was room t emperatur , tho amount o:f HCl 

gas wa s t a t generated by thEi r eaction et~ eeu 100 gme. of 

l~aCl and ~ ml • .'ot H2S 4., and t h pressure 'was that e xerted 

by th · generated gas . 

The gr inding capacity f rod s; 1/ 2" pebbl e s , and 1 11 

pebblee in a Patterson Rod. a ,n:i Pebbl e !~111 was ulao 1nve~t1 .. 

gated . ~lso during th co1i1rse of t he investigat i on, the l oss 

of nicot ine due to apori z.at lon during grinding , and the 

proportion of free nl oot1ne to combined nioot1ne in the to· 

ba.oco was investigated . 

From t he results of the investigation the foll Qw1ng 

conclusions were madez 

1 . In 1933 , at a pr1oe of f0 .04 pe~ pound , • rust1oa 

could have competed with f--lue cured tobacco as a c s:t c rop 

using as a basis t h e economi c study o.f g rowing f lue cured 

tobaooo that was conducted by Underwood(28) . 
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2. In determining the moisture content by heating at 

140°0. at 24 hour, the nicotine conte,nt was reduced from 

2.76% to 0 .285%. Heating at 105°0. at 24 hours reduced to 

n1oot1ne content from 2.76% to 0.74%. 
3. The percentage of ori gina l charge to t he grinding 

mill that passed through the 200 mesh screen after 5 hours 

g;t"ind1ng wa s 53 .60%; 47.00%, and 46.60% for rods, 1/2 11 

pebbles, and 1° pebbles respectively,. At the end or 10 hours 

gr 1nd1ng t h e percentage th~ough t he 200 mesh screen was 66. 60;& 

and 55 .20% for rods and l/2u pebbles respectively. 

4. Approximately 1% of t he total char ge to the Lancas-

ter Countercurrent Batch Mixf.\r passed t hrough the 200 mesh 

screen at , the end or a preliminary test •. ind1oat1.ng tha t the 

equipment wa s unsu1t aole for gr1nd.1.ng tobacco . 

'5. The tobacco l eaf became sott and limp aft er . t r eat-

ment with HCl gas so that it oould not be ground . 

6 . At the end ot 1, 2 1 3 and 4 hours of grinding with 

rode, the nicst1ne content, or toba cco was reduced f rom l . 59% 

to 1.31%, 1.28%, 1.:24% and 1.03%, respectively. 

1. Grinding w.1th r ods t or 10 hours reduced t he n1oo-

t ine cont ent of tobacco from l . 51% to 0.95%· Gr1nd1ng with 

1/2'1 pebbles for 10 hours reduced the nicotine content to 

1.40%. 
8 . The trea~ment of l eaf tobaocQ with HCl gas for 

1, 2, and 3 hours and mixing with lime gave a loss ot 
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15. 89%. 14.57%. and 13.91%, :t"espectively, of the to~a.l n,1co-

t;1,ne content. Treat ment of ground (200 mesh) tobacoo for l 

and 2 hours and mixing with lime gave a l ose ot 11 . 58% and 

10.53%, reapeot1vely, or the total nicotlne content. 

9 . T.reatment w.ith only IIOi ga.s and mixing with l1me 

s ave a lC>sa of 15. 89% of the total ni e ot1ne content of leaf 

tobaeoo . Treatment of the ground (.200 mesh) ga.ve a. lo$a o.t 
11 .58% .of t he total nicotine content• 

10. Treat ment of tobacco cont&1n1ng 45.04% mo·ie.ture 

with ma and mix:Lng with lime gave a. lo.as of 10.58% of th• 

t©t.al nicotine eontent . Tb.i s was no increase in percentage 

ot total ni cotine lost by vapor~zation 1n tobaooo containing 

18 . 50~~ -

11. Treatment of the tobaeeo with :rnr, tor l hour, aub-

$equent treatment with HCl ga s for .l hour, and mixing "tlith 

lime gave a loss ot 22.86% of tha total nicotine content. 

The maxi mum percentage of total n1oot.1ne content. lost by 

treatment with only HCl gas and mixing with 11me wa s l!).89%. 
l .2. The treatment of N. _rustic.a with NH3 for 1 hour, 

subsequent tI"eat ment with HOl gas. tor l h our, and. n11x1ng with 

l ime gave a. loss by vaporization of 53 .18% of the total nico-

tine content . 
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