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A BTUDY OF THE PACTIRS INPLUENCING D1 YIFLD OF ASCARIDOLE

1M CHEHOPODIUM AIDROSINIDES Le wag AINMIELOINTICUR

IO PUCTION AND GHUTRAL JTESDORY

The oil extracted from Chenopodia plants Jomown
aa Oleuwn Chenopnodii or more commonly as Anorlican “ormsced
011 has heen used extensively as a vermifugse for more than
a hmndred years. Ageording to ?anly,l who has made a nost
intensive survey of the literature, the American Indians
wore acqguuinted with the anthelmintic prapertiesn of the
plant, using ites Juices as a vernifuge., Larly setilors
in this country soon beecane fanlliar with the drag and iia
NEOs,

Dy 1830 the o0il had acquired sufficient inmporiance
as to be adopted by the U. 8, FPharmmeopeia, and it hins boon
listed as an of'flelal drug sinece that tinme.

?aulyl found evidencs of limportation of the oil
into Germany from Daltimore as eoarly as 1823, I[lowever, its
usg abroad must have declined since it was reintroduced into
Gornany in 1881,

xpanding uase of the drug in this country was
interrupted by the introduction of inforior ;rades of oils
to the market, dHany sarly writers bolieved that these

undesirable oils wers the products of “‘eastern farmers who
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ware atlempting a eultivation of wormoesed plants. “hese
Yastoern olls foll into dlsrepute with the mediesl profeassion
and this may have affected the eontire industry,.

Agoording te Uall and Jigder®, chenopodium oil was
introducad inte velerinary mediecine by the Fronoli in 1896,
althousir there was undoubtedly some used provious to thab
time.

ODruening, in 1906, nade the flrst recorded
pharasacologleal study of the oll on Ascaris lumbricoides.

e found the oll to be quide offeetive in killing the womma,
The malin conatituent of the oll was found to zive analsgous
regilts and was ealled asearidole, Ilany othey investigators
atudled the pharmacology of tho oll in succeoding yoears, It
was gonerally accepted that ascaridole is the active prinecinle
of the oll, althouzh this was questioned by Inll and Hamilton™.
However, the work of Smillie and Passoat seoms to have
definitely proved that ascaridole ia the sassentlial conatituent,
daanwhile the anthelnintic properiles of the oil
ware tested on other worn infeasiationa, The Hoshkefeoller
Senitary Comlission and the International lealth oard united
in 1915 in an active campaipn asgainst hookworm infostationa,.
frmonyg the many remedies that had besn used, thymol was pro-
forved untll 1017. 7The supply of thymol was affectod by the
Foprldld ar and ia an intensive search for a subailtube,
chenopodliam 01l wag Stested In hwosplinls and [leld studien.
The results obtalned froz thase Lesis conducted in the Yrient

and alaso in frasil indieated that cheonopodium oll was slightly
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more o¢fficient than thymol, choaper and easier Lo administer.
Agoording toe aghfora® 13,000 eases were treated &in the Orient
and 734% wore enred in two adniniatrations,

Tho sane anthor records that although carbon teirae
ehloride, introduced by Tall in 1921, is increasing in use
for hookworm troatments, it is found 4o bo most felicitous
when mixed with chonopodium oil. The use of halogenated
hydregarbons has alao displaced 1t to some extent in
veterinary nedicine, yot it remainas as a nost valuable
woapon to combat certain parasites corgton to animal,

A member of the loclkefoller Instiiute romarked to
?aulyi that cheneopodiwa oil will nsver reach its maximnm
uge until a standard oil, or preferably pure asmcaridole, is

produced on a camisrclal secale,



PART X

THE DETERUICIATION OF ASCARILOLE TN 01, OF CIEROPODIUL

The necessity of {inding an accurabte and convoniont
method for the deternination of ascaridols in Chenopodiwnm
olla hug bosn recognized by pharmacologists for yeara.
Hledicel literalure contains mmerous roferonces Lo casos
of polisoning produced by adninlstration of the drug and
in most instances 1t is thought that overdoasapes wan (he
cause, Sineo asearidole 1is lmown o Lo the oasential
gonatitusnt oill and since it is subjest to deterioration,
thea exact guantity present should be lown before
adninistration, In 19376 the Leagne of llations considered
the problen bto be of sufficlent Lrportanee as o request
two Jerman chemlstas to nake a careful atudy of some of
the suzrented assay meothods,

Possibly the first guantitetive mathod was that
suggoested by Wirth' 4in 1920. A solution of 50 potassiu
hydroxide in 50 aldshyde free aloohol was used as rewgents
for a colorimetriec assay. L&ngera in 1921 propesed another
golorisotrice method using phenelphthalein, 4An assay based
upon the specifie sravity or optleal rotatlon of the oll
was sugzested Ly Parryg at about tho swae Slmoe. IV was
agsuied that no change cccurs whon ascaridole is nmixed

with ihe hydrocarbon fraction. He&acnlo romarkod that
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any nmothod based upon physiesal constanbs is wwreliable,
since ascaridole 18 gubjset to detorioratlon upor standing
and the physical constants are nol chianged. Jhumsh and
Seindolinrdd have recently publlshed reaulis showing pood
agreenent baltwesn apeaific ravity and ascarldols content
of clle.

The Y, S. Pharmwmcopoois sdopbed as offlcial a
mothod dovised by Folaonl? whieh tales advaniage of the
solublllty of ascsridole in 607 acetie asid, the hydro-
cavybon fraction being insoluble, Peag;@hw pointed oul
that thie wethod 1z wreliable sinte ascaridole ia readily
converted by stean inbto lts glyeol and iycol anhydride,
Both of whlch air*e soluble in Lhe aceile neld solutlon, aa
i3 ascaridole,and that thoy would be debsrained asn suche
The pregent asuthor further alowed that in the nixture a
partltion effaect ogours sivce Lhe usearidole is soluble
both in the ssebic neid and Lo the huwdpogarbon fractione

Pagetdd 1ntroduced a titration mebhod nsing dilute
TiClg solutions as & redueing agent and by use of an
ompirical factor he was able wo obbain reproduciblo reoulis.
This mevhod will be dlascuanad latey In nere detall.

Inaffl-Long and E’Eaﬁmmﬁ, at the rogueast of the
Lesue of Jatlon®, studied the Paget withod and found thab
tho ompiriosl Tnetor onploved was affested by the congsentirae

tlon of 71 wused in the ViClz seolutiona. YThess regulis
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were oonfirmed by a previous study,conducted in the
locsl laboratory, in whieh 1¢ was polnbted oub that
the variations arve slight wless an enormous oxcess
of TC1 is added,ld
A thorough study of biologlieal assay metiods
mada by Enaffl-Lens and !lofrann® on mice, worms and fish
convineed thom that sueh methods could not bhe used.
faneh and Emimiaf&iwlg wore likowise unable to obiain
satiafactory resiulis fron vlological asaay mwihods,.
EnafflelLenz and Tofrmam® then oroposed a
¢colorinetric assay based upon the red color produced
by the aciion of coneentrated 101l on aleohwlie solutions
of ascaridole. Tidis nethod will be diacussed later.
A new ifodinetric methiod was offerod by Cooking
and Ezymaslﬁ, shich will elso De desoribved In sone detall,
AL the Uime the present study was undoritaken the
Pagzet method was thouzht to be the »wat accurate and
ugeful one, BHetalls of the neihed are: 10 cc. »of an
approxinately 17 solution of chenopodiun olil in 957
othiyl aleohol is introduced inte a flaalr and about 50 ce.
of 0,02 I TiClz solutlom (propared according to inecht
and Tibbhard) 4is added while leepin: the conbenis of the
flagk in an atnosnhere of carbon dloxide, Uhe flask is
then stoppered wilith a Dunser valve and heated two minmules
to beiling and the conbents titrated back in a earben

dioxide abnosphere with ferric alua using 1 ce, of 57
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potassiun thiocyvanate asz an indicator. Paget found Zhat
1 gram of ascaridole would reduce 1.277 rams of tltanium
trienlorido,

“hia mothod was thorowhly testoed on olls prepared
by admixture of weighed amounis of ascaridole and cymone
and satisfactory resulis were obitained, Yhe results were
submitteod in a roport =made to the Assooiation of Official
agrienltural Chemists in 1930, Further confirmation of
the applicabllity and accuracy of ths method was requested
and the following experiments wero made. 3ome of the
reanlta of theme latter exporiments were ineluded in a
final report made to the A, 0, A. C. in 193117, at whien

time ithe method was adopted as nn offlicial assay.

A Study of the Paset Assay

Lffoct of Adulterants

In order to teat the reliabllity of tho Paget assay
on asdulterated olla the followlng solutions were preparod:
Seaples 1 oand 2 were made by mixing a cormercinl oll with
earbon betrachloride, The comereisl oll contained 907
gscarlidole as determined by voth the Paget and liclsom
mathods, IJample O waz a solubion of the stoek oil and
cincol and 4 was coiposed of stosk oll and 957 ethyl

alechol. A coaparison was nade of resalts obtained by
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rogsulia are listed

P
o
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both the Paget and Uelson assays. T

in Table 1.

TARLE I P

Asoanridole found by felson and Pageb
Assayna

Pargont of Asceridele

Jampie Faaple Japle Sanple

Agsay i Hos 1 loe B o, & 0 4
Helaon 43.0 GhHeld 80,5 01,0
Pageb JI 44,9 G a'7 GO ¥ G2.5
#IT 44,4 B8Gad 59.8 G249

fIII 44,3 GBS 50.,Q Gd.1

i’ﬁ{;@t éW’. 4"3:.5 ﬁ?qg ﬁf).é &g 8
A8 rmnde 45,0 T e 60.0 55«0

In the determinstions of sanples 1 and 2 by the
Yelson aassay, which method consists of shaking 10 co. of
oll with 607 acetle acid in a 110 oe. cassia flasic with
the neek holding 10 ece., graduated in benths and reading
the volume of the -ndigsolved (aon ascaridole 7 )fraciion
after sbanding, it was necesassry to invert the Ilask 1n
order Lo read the voluues of mmdlssolved ofl. ‘‘ho curbon
tetraciloride nixture has a grovity greabter han bhai of
tha acotle seid solutlion,

1t iz obvious that the lelson assay falls o dine

erinminabte botwe n asenridole and other adulievanits solubdle
in the agotie acild golution. Sehlirvwml and Company have
frequontly found eineol present in chanopodium olls and a

Unrviand buyer has peraonally reporied the prosones of s
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pmach as 100 slecohol in oils handled.

The iffect of Concentration of TiCl

Paget had found thet the empirical facitor proposed
for this assay vwas influenced by the concentratlion of
tltanium trichloride solutions used for titration. Hore
ascaridole vas reduced by using 0.1 N than by the specified
0.02 & solutions, the difference amounting to 104 for
pure ascaridole. OSince the conecenitration of commerclal
titanous chloride solutions used for preparation of the
standard resgent iz variable {(in two instances muterisls
purchased as 157 TiUlg solutlons were found to contain
rmore than 30%) and since the standard solution may chrange
on long stending, 1t was desiraile to ascertain 1f the
susays would be spprecliably sffected by veriations of
concentration. The results in Table Il were obtuined
by titrating samples of pure ascaridole which had been
redistilied five tines, and having the foliowing physicel
congtants: boiling point 895%C st 8 rmm., optical rotation
2 -89, refructive index ® 1.4745 and specific zravity
1.0029 at 209/200¢.

the excess of ?1013 present in individuel titretions
was kept approximately comstant, the maximmm deviation
being 2.5 milligrams per 10 milligrams of esceridole nrosent

in the aligquots.
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Lffect of voncentratlion of 7Ui¢ly on the
Determinantion of iscaridole

Kumber of Normality Percent of Percent of
Petermina - of sscaridole Ascaridole 4
tion. TiC1= determined pregent Lrroy
ﬁv&mge of 3 0.032 99.2 10C.0 -.8
Average of 9 0.C10 100.3 100.0 *.3
Average of 7 0.009 09.6 100.0 -od

Thease valuecs indicate that with these limits the
coneentration of the Tialg used ras little effect on the
ascay of ascesridole, the mazimmm doviatlion amountings to

iless than 19.

The iffect of an Ixcesu of TIC1

It was thought thet the excess of T1llz solution
used in titretion might have &n influence on the results
obtained by thls sssay. sAccordingly e series of alcoholic
solutions contalning varying amountg of escaridole were
prepared. The same volume of Tivlz solution was added to
10 cc. aliquots of each sample and the assays conpleted
in the usual nsnner. Later two otlier alcoholle solutione
eontaining approximately 1 oram and 0.1 oranm of ascoeridole
per 100 cc. were titrated usine different volume of the
titeniun =sclution in euch instance. The dats llsted in
7able IXI are t ose obiteined from the 10 ce. aliquots

used,.



TABLE 111

The Lffect of an l.xcess of Ticl$ onn the Determination
of Ascaridole

g . 0r  AB .0~
ama.of agcaprie ascarie
Semple  liormality cc.of TiCly in dole det- dole %
Ho. of TiClgy TiClz  excess ermined present  error
1 0.0370 40.0 0.1662 0.0104 0.0108 o T
2 " R « 1LB33 L0208 0205 415
3 " " « 1387 319 0322 “-la2
4 " n « 1243 0435 0422 *3e1
5 ¥ " « 1075 +0B56 L0558 148
& # W 0818 0840 L0637 +0eH
'? " n 30'708 00756 ug‘?ﬁl ""2 tO
8 " # 06587 0725 L0798 -~ oG
9 w " ‘9474 -0900 00943 "605
10 0.0410 20 03843 0978 ~0881 “(3e3
131 i 30 «1110 + 1L.O05 0981 +2 .4
i2 " 40 . 1840 «1060 0381 +8,.1
13 C.0410 10 0661 +0O109 «0110 «() oG
14 " 20 . 146? . 0105 » 01 10 - e 5

The data in the ahove tal:le indlcates tihwnt the crrors

are not approcisble unless o very large eéxcegs of tlbanium
trichloride 1ls added to the alcohollic solution of oll. ‘The
errors produced by a large excess of TiClz added to a smell
amount of ascoridole (moss L and 14) are not 80 lerge as

those produced by addision of approrxivmitely the same excessg

to more conceniretod ascaridole solutions (l.ample Ho. 1:).

trhe influence of the Lolvent

Paret nuggested the use of 98- ebhyl aleohol as a
solvent for this assay since both the oill and the gstandard

titanivm solutlon gre soluble in it. He showed that



approximate results could be obtained 1f no solvent was
used, the error smowmtins to abtout 87 for pure ascaridole.
Since ethyl alconol uad been sugested as &

guitable zolvent for extrsction of chenopodlum oll frox the
herb it was necessary Lo dotermline 4 it would affect the
results sppreciably. Varying armounts of 955 slcohol were
added to the same volume of a titaniw trichloride solution
and the golutions hented for hwo minates to bolling snd
titrated back with ferric slum aza vsual. Thre nmuarbher of
grams of {101lg "oxildized” by the aleohol in esch inmatance

is prepented in the table below,

volume of 957 Totel smount of Amount of TiClgz
eth{l alcohol ?iﬁls removed removed pey CCe.
{ee) {crems) of alcohol.(rms.)
10 +0016 .0002
20 = 0034 0002
40 0069 0002

100 - Q307 - 0003

The effect of the alconol upon the results ol talned
by the unsusl assay 0f olls 1s vory emall since s8lighitly less
than 10 ceé. of alechicl X3 present in the aepecified 10 co.
aliguots of & 17 solution of oll. This effect may be
eiiminated by the use of dblank Jeteérmimmtions. In titration
of large voluwnes of alcohnlie solutions contalning small
amounts of escarldole tiis correction for the influence of

the golvent must be mede.
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The leterminetion of wmell smounts of :scaridole
in Aqueous Lolutions

In succeeding studies it wupg deslrable to extract

chenopodium olls from the plant by stean distilletion.

The 1limited capacity of the s8ill used, and the

resulting small smouwnts of 011l in the dlstlillate would
not permit & successful separation of the oil for analysis
in most instences (it w.s necessnry to determine if the
small amounts of ascaridole on the agueous distiliates
could be sccurately ascayed.)

A sample of pure ascaridole welshing 1.237 rrams
wvae made up Lo volume with dlstilled water in & 100 cc.
volumetric flask. After violent shaking 10 cc. gliquots
were quickiy withdrawn with a plpette, the plpette allowed
to drain into the titrating flssk, rinsed with 10 cc. of
95% ethyl aleoshol and the eontents of the [lesk titrated
as usual. The amount of ascaridole fvwnd to be presaent
in the 10 cc¢. aliquots wes 0.1250 and 0.1248 grams
respectively or slhowing an average error of + 1.074.

Another sarple containing 11.004 groms of ascaridole
in 8 liter of aqueous solution was prepared and, after
shaking, 2 10 ¢e. aliquot was weighed In a 100 cc.
volumetric flasik, made up to volume with 95% ethyl alcohol

end 10 ce. aligquots of thls alconolie solution titrated
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as usual. “he amount of ascaridole found in two allquots
was 0.0108 and 0.0111 grams respectively, representing an
average error of 1.35%.

Apperently the mwethod is applicable to the
determination of small amounts of sscaridole present in
wvater mizxtures. The sclubllity of sscaridole was exceeded
in both instunces yet the met od of obtalning samples of

the ollewater mixture did not Iintroduce appreciable errors.

A_Study of the Fnaffl-lenz Hofmann Assay

48 Tas been mentloned previously, Knsffl-leng
and lofmann® proposed, in 1929, & new colorimetric method
for the determination of ascaridole. In this sssay 1 cc.
of concentrsted hydrochloric acid is sdded to a 1% solution
os 011l In alecohol and the mixture allowed fto stand for at
least s8ix hours. ihe semples are then compared in a
colorireter with n standard solutlon of 100% ascaridole
treated 1n the same manners.

Determinations were made upon seven olls using
tris asssy wethode. 0Oils 5, 6, and 7 were samuples of
commercial “wormseed” oills whose ascaridole content had
been frequently checked by the Paget method. 01le 1, 2,

3 and 4 were samples of adultersted olls thet were used in
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the prevlious study of the Paget methwd. ihree
dlstinet assays were made upon cac: oll, the time

off reaction being 6, 12 and 24 hours. It was found
necessary to dilute each miznture with 5 ce. of aleohol
in order to obirin a suffizient volume for use in a
Dubosque coliorimeter. Comparisons were mmde with a pure
sample of ascarlidole as a standard, treated in the same
way as the sarples. ‘The results obtalned are presented
in Table IV togethier wilth the velues found by using the

Paget assay.

TARLE XV

: Time Per uent #sceridole Pound 1n'$amplaa
Hethod (hra.) 1 2 3 4 5 6 7
Colorimeter 6 54.0 62.0 574 61l.0 678 7T3.5 68.2

" 12 45.5 67.7 BHO6.7 61.0 68.6 5H56.0 62.7

" 24 44.5 65.7 80.4 55.8 068.6 5.2 63.6

Paget (sv.of
3) - 4‘405 6?09 60;2 62-8 74&3 60.0 65-4

The results obtalned by this assay s ow some
variation in the percentoge of sscuridole found. Accurate
readings were difficult to obtoin due to the fact that dark
inscoluble oil droplets wcre present in every mixture after
standing the prescribed time.

e presence of carbon tetruchloride in samples
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numbers 1 end £ and cineol in number 3 did not influence
the resulte obtalined. °‘The authors faund that turpenocl
slone, of & number of adulcterante tested, rsave & slight
added color to the soiutlions.

thile this method has posslbilities it was not
sulteble for use In the type of investications to be
discussed later and woae civen no further study. There
is 2 pozsliblllty that scetlic acld would be a better reagent
than hydrochloric acld since it las been observed trat a
red color is produced by mscaridole upon long standing in

60% acetic scld aolutions.

A _Study of the Cocking Hymen Assey

Although ¥nafflelenz and Hofmann and also DBodendorff
nad independently declded tnst an iodometrie method for
the determination of ascaridole was not practical, Cocking
and iHymas, in 1930 proposed the following essay: 3 c¢c. of
potagssiun iodide solution (83%,%) in a stoppered tube of
60 cc. capacity, be mixed with & ce. of concentrated
hydrocrloric acid (31.8%) and 10 cc. of glacial acetic
ecld and irmedistely cosled to =3%¢.{1imit of 0° - 39).
After coolinz, 5 ec of an approximately 5% solution of
011 in 907 mcetic acid 1s edded, t.e tube stoppered and

allowed to stand for 5 minutes. The time of standing may
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be extended to 10 mimutes provided the temperature

docs not exceed 10°C. <The contents of the tube are

then titrated with N/10 thiosulfate. 4 blank is carried
out under identicel condltions except that the {inal
solution 1s diluted with 10 cec. of water before titrating.
An erpirical factor waes used, the relation being sueh

that 1 cc. of N/10 t iosuifate ie equivalent to 0.00665
prems of ascaridole.

Determinations by this method were made upon the
seven oills used for te colorimetric assay, and in
addition, oll rumber 8, & sarple of pure ascaridols

Preliminary tests using pure ascaridole pgave
consistently low results. Veriation of the armount of
hydrocnhloric acld pregsent and the time and temperature
of the reaction showed no effoct. The amount of
agscaridole present in the reeacitlion mixture wes changed
by reduclng the slze of the aligquots and higher results
were obtained. The resulte of these assays are shown

in Table V.

TABILE V
Variation of vocking illymas Assay with Size of
Aliquot
Volume of Amount of Ascaridole
#liquot found
{cee) (%)
5 ce. (as preserived) 89.4
3 ce 3.7
2 ce 96.8

1l ce 101 .4




- 103 -

vince most of the olls analvzed contelned less
than 75% mscaridole, two agsays woere run on each sample
using & ec. and 3 ce. allguots, reapectively. Theose
regults appear in Tauble VI, torether wit values

obtained by the Pacet ossay.

TABLE VI

Comparison of the Cocking & Hymas Assay i.4ith
the Paget isssaey

Yol.of Ascaridole found in Qumplaa
Sample {per cent)
Method gg. 1 2 3 4 5 6 7 8

Todometric 5 45.0 62.05 65H.86 59.1 TL.4 56.6 6l.7 89.4
v S 44.6 67.9 DbBT.4 56.8 T3.6 66.3 6B.O 93.7
Papget - 44.5 67.0 60.82 62.8 74.3 5.8 65.4 100.0

The results obtalned from the fodometric sssay were
not in ~ood sgrecment with those fror the Pspet metiod. If
& higher fector is employed, as micght be indleated from the
results obteired on pure sscaridole, the analyses of the
normel 0ils would be invelideted. although e crliticiam of
the metlod is not warranted from these few analyses, 1t may
be coneluded quite definitely tihmt the assay has no
sdvantage over that proposed by lapget. In the former method
the empirical fector used may be Influenced in several ways.
According to the authors there is evidence that three
reactions may occur in sequence. There is likely s normel
peroxide liberation of 1lodine from the acidified potsssium

fodide sgolution, followed by anoticr unexpluinable liberation
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of 1odine and then re-sbsorptlion of lodine after its
liberatlion. 7The Paget factor seems to be affected
only by & marked chenge 1In the concentration of
hydrachlorlce aclid of the tltanium trichloride solution

and by & large excess of the rcagente

The Determiasation of Asesridole by Spoeific Oravily

F@rryg outlined a method for the estimation of
ascaridole in chenopodium oils based upon the asswaption
that the speeoific sravity of asearidele and an average
vaiue for the gravity of tho low boilling hrdrosarbon
fraction are additive. Using 1.005 (25/258°C.) as the
value for the specific gravity of asenridole and 00,8466
(25/&5“8.) a8 the nean value for that of the hydrogarbon
frastion, the por ecent of ascaridole in an o0il would be

equal to: (25/ o )
dpeoific ;ravity of oil (25/357°C) «0,0400
B £

Apparently 1ittle use has been ~ade of thias
proposod assay obtiier than as a neans of coxpuriaon with
thie rosults obtained by other methods. ?ageﬁ13 noted
that the method would be of no vaiue in the detormalnatlion
of ascaridole in oils adulterated with liguids of hniph
density. ﬁaiaanlg pointed out that the rosults would be

Influenced by woariatlons in the coaposiition of the
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hydrosarbon fragtion and also by the presence of high
boiling decomposition px'oéuetu.

Resently, Munch and Reindellsr* made a study of
the relationship b«ﬁiman the physical conastants and
ascaridole content of chenopedium oils, They found good
agreement betwaen the WMMa of adocaridole as
caloulated from the specific gravity and that detormined
by some other unstated method, Referense to previous
articles by the amthors would indiente that the mothod
used was the Helson assay.

Although tha rather odvious discrepancies of any
method based upon physical oonstants had beon noted 1t
was thought advisable to investigate the assay 4in asome
dotall.

The speoifio gravities of a mumber of olls used
in the study of Paget's mothod had beon detovymined and
these values, and the pergentages of ascaridele calculated
from them, were tabulated together with the corresponding

%(»1 o€ {215*4,’#{»4 ’ff‘f(,gw .
/ raduss §“rm the Paget assay. Feey are listed in the-
LS

table junder the caption "Original Analyses". Since nost
o;r these determinations had boen made some ysars provicus
to the time of tabulatiocn, it wos thought advisable to
redstermine the specific gravities and ascarideole content
of these olls whieh had Bmm presgorved, These values
are tabulated in Tnhlo(V‘!I under the headinf "Final
Analyses”,
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The data prowsented in able §£I for original
snalyees of oils mmbers 1 to 13 inclusive, in mnost
inastances show good agreement betweon the values for
the ascaridole contont as calenlated fron the gpocifie
gravity and those determined by the Paged esany. The
preatest deviation occurs in the values for olil nunber
10 whieh ad evidmitly sl fored somo deconmposition during
gtoean distillaetlons I6 will Do noted, however, that
theas detorainations had beon nade upon rocontly
Adistilled oils, muabor léibﬂing tha one excoption, Tho
maiority of the older oils hed rmeh higher ravities
than would be indicated by thelr ascaridole content, as
shown by the data for olls muabers 15 o 18 inelusive,

A rmach pgreator divergence in the results is
displayed by the data presented under the heading
"Pinal Analysis”, for deterainations made after the
orlzinel olls had been allowed to stand for periods of
from ane and a half to four and a half vonrrs, In some
inataneces the specifiec pravitles excecd that of pure
gasaridoles and consoquently tho ealeoulated porceniages
of asseridole are wore than 1004,

It wmay be eoncluded from these resultas that an
estirnmtion of ascaridols based upon the apecific ravity

of the oil is applicable ounly to freshly distilled olls,



wiileh hawve not beea doconposed durding the dlatillation
process, oush a deconposition would ot be doteebable

by use of the Folson assay, since the products formed

by rearrangoment are soluble in GO acetic anold and this
may explalin the good agreenment found by hmeh and
“eindolliar bebweon the asgaridole conbent and the sgpeeific

gravity of shenopodlium oils,

Deterainatlion of Jils

The faet thalt the specific gravitios of chonopodiunm
0lls sro inereased with age apparently has been noted by
but one investigator. Garriguaala obsoerved such an increase
in an oll whieh, jJjudging froa ig data, was very deficient
in ascaridole, OGchinmel and Gampanglg reported a deoreaao
in the density of old nils. NelsonlO found no algnificant
dlffevences in the miount of ascaridole caleoulated from
the aspecific gravities of one year old olls and thwal
determined by fractional diesbiilation. OSinee the resulbs
obiained by the previous sxporiments are in narked
contradiotion to those reported by olher lnvestipators, a
farther sbtudy was aade of thils upparont decomposiliion. Yhe
faet that the asearidole auntent of many of the oils had
doereased upon standing sug ested that ascarideole liseld
had suffered some change., .chimiel and CompanyR0 Lad

reported that ascaridole roarvanzes upon heating it %o



150%., 0n ti.e basis of a gtudy of the glycols
formed by hydration of this rearrsngement produst,
%alsoﬂzl proposed the structure reopresented by II
as being that of tre anhydride lormed by heating

ascaridole (L),

c. C c
/6 Hzc/~<'>>CH Hzc/l\CH
] o )
o) o]
Hc. o) CH H,C. 0—c¢H H,C \ C<
2 \(I:/ : \ / ‘ \c/
| T |
e CHy), HC CHi), - (CHq),
I I 1T

He suggested that thils so-called glycol anhydride
would likely be an unstable dloxlde and LtHat 1t =ight
rearraaze te form a more stable compowid (111),.

Thoras and Babkegg, in heabing the conversion
product off this rearrangemsent vith amionlia under pressure,
obtalned an oxamino compound lustesad of a dioxydianino
oospound, whilch would indicate that the atructure of the
slyeol snhydride weuld be (IIL) rather than IX,

Igcently Hlchter and ?r@ﬂtinggs have expreased
acome doubbt as to thie structure of the anhydrlds propoused
by Helson. They are not convineced that a homogencus

product is obtalined when ascaridole is heated, although
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no separation has bLeen made by dlatillation, They
report the denslty of the product to be 1,0239 at
1&/460., which correspoads to tiat found by other
investigatora.

hegardless of the homogenelty of the product
obtained, it 1s certain that 1ts specific ravity is
greater than that of ascaridole., 0One would expect an
inerease in the specific oravity of chenopodiwn oils
if there had been a conversion of asearidole to a
rearrangenent product of the type found upon hesting.

Howsver, the fact that the specifie gravibty of oll
number 13 (Table VII) exceeds that of the anhydride
indicates that some change othier than a rearrangement of
ascari&oie to the anhydride, Nelson®% had found a snall
amount of dextro camphor in one sanple of year old oil
but was wncertain as to whethesr or not 1t had been formed
ageing, OSince the density of this compound is leas than
one, it could not e responsible lor the lincreases in
gravity noted,.

One poasiblliity would be thait there was a [further
enange of the rearrangement product of ascaridols to a
glycol isolated by Nelson®® and reported by him as nhaving
a specifie sravity of 1,0081 (20/20°C.).

Sinee there was less than ten gramg of nmoat of the
oils avalilable, respectively, a separation of thelr

constituents by fractional distillation was not possible.
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Howover, it was feli that a furthor study of the

change of speeific [ravitiesn and ascaridole scontent

of the olls might be worth shile, Agcordingly the
inerease in speclific pravity and the change in ascaridole
gonbont of most of the oils was copuled and tabulated
in Jable VIII,

A gonsidoration of i;.%’:é%.& data indloated that the
increase of spesific gravity In =many inastances was not
comparable to the deorense in the concenbdration of
ascaridole, Also olls nunbers 17, 18, 20 and 21 ahowod
an inerease in the percontage of ascaridole nreseni,

One explanation »f this phoenomena would be a loss of
low boiling hydreearbons by volatilization during
atanding, sinece at the time of the original analyses
thore was no Indication that the olls would be used
again, and they were, Tor the most parb, osreserved in
bottles stoprered with corka.

In an effort to determine i thore had beon a
loas of hydroeesrbons, fractional distllilations under
reoduaed pressure were rmde whon thore was a sufficlont
gquantity of 01l avallable. It was fomd pecessary Lo
analyze the low bolling fractions for ascuridole and Lo
detarmine the amownt of hydpoeurbong nreasent by diilerence,

The amount of low bolling material pregont in the

romainder of the olls was debtormined by a modificabion of



the Helson uethod, Five cuble contiieters of the oils
wore shalton with G607 wcetie acld in Babeoel fat testing
bobtles, and the volumes of the insoluble layors wiiileh
asasaratod npon stanling were aasmed to represent the
aaot of hydrocarbong preogent, A comparigon of the
values determined Dy thils metheod and by fractional
digtillatlon, respectively, of the same olls, showed
vory sood agrooacnt,

Using those values and those for the azount of
ascaridols prosont, the porcontage of desomposition
product was detormined by difference, [However, the
pereontesesn of the decomposition products found would
not be a trae indicatlon of the extent of deteriorabion
of the olls during standing, since there waa evlidence
that some of the olis had undergons some change provious
to the time of the original analyala,

An approximation of the mawount of dscomposition
produet was obianined by subiraeting the percontages of
ssparidole as detormined by btltration froi the anownt
calenlated fron gravity. The orizinael amount of hydrow
carbonag nresent were then caleulated by difference, 1l.c.,
100% - {pergent of ascaridole + pergent of decouposition
product), It was then posalble to eatlnabte the change
that had ogeurved in the coimaition of individusl oils
during the pepilod of standing.

These final valunes are ligted in Table VIII in
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the order of Lhelr doterioration ns indleabed by
vie ingrease in the amount of decomposition naterisl formod.

“he types of eontainers in whiech they wore nroseivad

duaring the perlod of standing are aise listed in inis

B 1%
U»ﬁ?..hi.&'
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Considoration of this dabta ‘eaves oue in doubt as to
the natwre of the clhempse Wit osgcours in the oils upon standlng.
TV,

fhe oarked decresse in the percontape of lopdrogeoryions prosent
i L N &

in sonme olls sugeedbs thab the losa nay have Deon due bo
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their polyaorizatlion rather than volatiligation. In
direct eontradiction to this is the fact, previously
mentlonwsd, that four oils, nwabers 17, 18, 20 and 21
displayed an increase in the porcentage ol ascarldole
present. Also oll mumber 9 whiech was & "high teast”

@il fron a comerelial 8%ill had very 1ittle hydrogarbon
originally present (0.50) and the marked inorcase in
its apeclifie sravity and doorease in asearidole conbent
aould not have boon affected Lo vny extent by a change
in the anzount of hydrooarbons present, Marthernore,
there 18 no relation bebtweon the inerense in apecific
sravity and the amount of desonposition material formed.
This would indicate that the produst formed is not the
same in all oils,

Zome evidonce of this non-homogoneliiy of products
was obtained by a determinaition of 1o specifie pravities
and ascaridole conteont of theo high beollliny fractions and
residues left Lrom the wrevious distillation of a iow
olla wade in ord-r Lo deltermine the ancunt of hydrosarbons
present. The specific gravity (25/25°C.) of the
deconposi tion product in fractions that contained
agearidole waas caloulated by assuing the apecifie gravity
of asenridole to be 1,005. These values for different
oilas seen to fall into two distinet sroups, the range of

the first being from 1,015 to 1,040 and the second being
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1,030 to 1.040. “he iatler voalues npproxinate Lhose
reported fop the specific [ravity of L{he armbhydrlde of
asgaridolie. In ono ingstanee the sueeiflc ravity of
the Intermpdiate fraction beliweon the bolling poliat of
the low bolling hydrocarbons and that of asconridole hwad
a vory hish specific gravity. snalysis for asearidole
and sabgequent ealeulation of the specific ;pravity of
the othar produst pre sont showed that the value was
14114 «hiich would corrvespond to the specifiec vravity
of tho glycol isolated by lelson. This high oeavity
fraction was obimined froa oll mebor 15, which haod
the highest sneciflc gravibty of slli of the oils.

Tha most llitely explanation for those resulibs
18 that in many instances th ee distinet changes has
ogouwrred, namely, decompoalilon or roarranoment of
ascaridole, leoss of hydrocarbons by volatilizatlion and
doconposition or nolyserization of the hydrocarbong,

an affect of lisht on the decoupoaltlon of the
oils 1s indisated by a comparlson of the annunt of
detericoration with the Lype of eumtaniner in whieh thwo
oil had been oDresarved. The anparent discrepancy shown
by oils mambors 17, 15 and 18 which had besn kept in
gleay lass bottles for perioeds of two, thres and lTowr
years respcetively, and Lad not changed aviedly, ia
axplalinable by tho last btlat at tho Ltiae of the opi inal

analyaes these olls had already deterlorated to some
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extent. 0Ll number 18 had been exposed te light for
a yoar and oll number 18 for three years previous to
these first deoterminations. 011 mumber 17 was secured
from a comuercial firm and was more than two years old
when recelived,

i’éwibl.y the moat di@ufimt oonglusion to be
drawm {rom these rasults is that the mroblem warrants
further study. It is planned to repoat the experiment
under controlled sonditions using appreciable smounts
of materials and preventing any poasible losa of the
hydroesrbon fraction by volatilization,
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SUWLIATE OF PAlY T,

A study of the Paget lethed for the detormination
of ascarlidole in chonopodium oisl demonstrated that:

l. The mcthod may be used to deternmine the smount
of asgaridole in oils adulterated with ocarbon tetrachloride,
eingol or alcohol,

2« e accuwracy of the met wod is not appreciably
affeoted by the concentration of the titaniwa trichloride
soluntion or by the use of an excess of this reagent within
roasonable linita,

Se A gorrection st be made when a larpge oncoss
of aleohol is present in the aliquots Uitrated,

4. Very saall amounts of ascaridole in agqueoous

solution may be scowrately determined,

The ¥nafflebong Jofmamn Colorimetrie dasaay was
found to be a fairly reliable mswthod for the sastinallon
of ascaridole. ‘tho formatlion of an insoluble product by
aetion of the reagent wlith he olls sorves Lo invalidate

the resulis.

The Cosling-tynas Iodometrie Assay was found to sive
laow values for oils of high ascaridole eontent. The neth
hag no advanbage over the Paged assay in rogurds to ubtilitcy
or convenlence, A& determination of the asoarldole content

of oils by apecific sravibty 1la only relladle when froshly
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diztilled and undecxaposed oils are used,

A marked insrease in the specific gravity of
oiles after atanding fur long periods of time was noted,
which is acontrary to previous opinion. There was an
indication of a decoumposlition of sscaridole in some
instanoea, but there may also have beon a polymerdsation
of the hydrogarbens prosent,

The decomposition of the olla wae epparently
inoreased by exposure to light,
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HISTORY 0F PRADUCTION 1 AL I [LACTLAND

The origin of the chonopodiunm or wvormseoed industivy
in Herylend hag been lavestipgated by ﬁu@l&@ﬁ2§ Mig aouree
of information was an interview with a Hr, Prank Uhomas of
Jeatminstar, Huryland, whose father was one of the pioncors
in the deovelopment of the induatry.

Ageoording to lr, Yhonas the cultlvation of the
plant was Introduced in Carroli County, woar Vestminaster
in about 1840, The names of the oripginal producera are
unlmown, Hany of the oldsr inhabitants of the district
can reanll the time when it was not uwmsaual for a nan to
ride horsoback to Ballilmore drug houscs, a diatance of
about twonty milesg, with a few awall boliles of wornseed
oil in his poshet,

AL that tinme the o0il was obinined frox the plant
by cooking the herd with water in an iron aoap kettle fitted
wlth a soapy stone top. Afler some time the oill wag skhirmed
Lfron the marface and poured ints botiles. Later o still was
developod using the same Ltype of pot and cover bubl equipped
with a water eocoled eoil, The modern stean still, whieh was
introduced by Klee Irothers in about 1908, will be discussed
later.

The growth of the industry was very slow up until

reognt vears. Sinee cultivation of the woeld entalls
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eonsidorable labor and expense wost farmers were oontent
to cultivate bub snall acresges,., Iy 1870 the total
produetlon of oll for one year wag aoout 2000 pounds
obtained fron sone fifty acres. Dy 1900 the producstion had
inersased markedly. he oil wasz sold by the produser op
local buyer bto the more important Yew Tork dmyr houses oy
brokers, Gormany had beoomne thwe principal foreipm Lmmportey
and rediatributed the il in Lurope. e foreign trade
collapsed in 1914 and was revived again in 1817 when obthor
inmporters were found, Inorecasing demnods for the oll durding
the war caused a phenomenal rise in price and an irwediate
regponss in gpreater productiom. Uy 1921 the averase nroductio:
was about 12,000 pounds, Althoush the priee of oil reoceded
suapply after the war, production was Ingreased. Fossibly
the mazximen anount of oll was obtained in 1988 when a loeal
buyer estinated thalt 100,000 pounds were obialined in the
diastrict., ‘hils large production served to saturate tho
narket and depress the prices. “Tho followlng yesrs, 19030,
the agrease was reduced and a prolonged drousht Duorther
decrcasaed the oll oulpubt to about 22,000 pounds. This severe
drop in production stimalated prlgees for a ghort time but In
the Collowing yoar the acreagze was furthor reduced and only
about 8000 pounds of oll wore narkoted.

Throughout 1ts hisbory, the industry has Deen
confined o a rather 1inited area in Carroll Comby. “he

area aztonds from the Frederielr road o Vestinsteor and from
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Sykesville to ilount Airy. Attempts have been made to grow
the plant in other parts of the State, bub few have been
suceessful. These atlienpts have nobt beon eomfined to
faryland., s nobted previously, efforts have been nade from
time to Lime Lo cultivabe the lordb In the middle western
states., I2 recent years Hogatad?ﬁat South Dakoba produced
a satisfacitory oll in 1923 but was unsuccesasful with a 1924
erop. Ksnantazvraparted that he obtained a satiafactory
oll from plants raised in Illinoia, but no reaults were
given on a second year's orep,. Paulyl wag able to produce
oll from “‘laconsin plants by digstillation of the seseds alone,
but was not able to obtain useable olls from the entire plantb.
Recently sueccessiul cultivation of planta have been
reported In India, Java, and the Duteh Zast Indies,
Sineo thils induatry haa besn almost entirely confined
to this State and because it had increased to an appreciable
aise, Uhe Agricultural Experiuwent Station of the University

of Haryland, in 1928, deeided to sponsor this atudy.
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In order to discuss the astudy made of various
factors that nay detorming the producition of asgsaridole
in ehonopodiwn plants it will be neeessary to vrlefly
outline moethodse of enléivatlion practioed by the Haryland,
or nwore partliouliarly, the Carroll Cowmnby growoer,

The plants are, for e <wnast part, grown fron seod
gelected by the individual planter and sown in seed Deds
e latter part of February, or as soon as the woeather
condi tlong are favorable. It 13 necesasary, ascording to
the provers, to locabe theze bads in froahily cleared woode
land in ordor Lo obiain the bheat reasgalisz. JSonobtines a
type of rmulsh ia placed over the beds and vonoved when
the planits sre large onoupsh to need ne furiher protecition.

U the latler part of lay or the first of June
the plants are usually large enoushk e be Ltranaplanted in
the fMelds, Host of the srowera nse & transplanting macshine
which plaeez the plants aboulh elghteen inches apnrt in rows
which are threo fect apars.

Portlliigers wre applied in most instances, but the
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mixtures used depond upon thie 2oprsonal opinion of tho
Individual planter, oal of the 2 xtures unsed, howevern,
eomtaln o falrly hlsh congentration of phogphorus,

“he herb apparently requires aboul the swne
tillage as corn, and throe or four cultivailons are
made durding thoe season,

The time of harvest is detormined by the
maturity of the plant ns judied by the color of the
seodsa, heon aboubt three=fourths of tho seeds are darlk
brovn or blaci in ¢olor, the plant ia hwrvoested by neoans
of resonverted binders for the wost part, alithowh the
herb 1o cut by hund by a fow individual plantersa,

After cutting, the plants aro alloved to "eure" Tor
geveral days and Wien sbes distiliod.

A roview of the rwethods used in culiivation of
the chenopodiwn plant would indicate that the rwab
1llzely »roblenms to be considered in an offect to incroase
the yleld of ascaridole would Lo the selecitlon of seeds,
the fertilizatlon of the heorb, the tine of harvost and
the methods of diatillation, Accordingly, individuasl
studies wore mnds of Theae nhanges in the produeiion of
0il froa the nlant. 3ince ascaridole 1s the escential
eonsbtiituent of the oll and sinee 15 g belleved tiat
ghononodivwm olls will be oventually marlieted at pricos

dopending upon thelr ascaridole countent, the resulis of
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the following studies are oxXpressed in terus of

asearidols and not of ehenopodimy oil,

the tetimation of Ascaridole in Chenopodiuwm “lants

A3 a prereqmiisite to the study of the various
factors that influonce the yleld of ascaridole, &
satisfactory method of sxtraeiing the material from
the plant had to be determined,.

‘he previous study of the Pagoet assay had
indleatod that it was sullleliently accurate for the
detormination of small anounts of ascar’ . lole in agueous
solution, and 1t was in 2 stady of the afficlency of
shteam 2otillation as compared to other melthods of

zbtraction of the plant, ﬁ@akﬁi ad exbyragted saall
sanples of ground herb wit” varicus organice solvents
and, upon analysis of the oxtructs, nad Jound the
highest poreentuge of ascaridole was obbtained when 9855
etiyl aleochol was used.

Locordingly, ton grea samples of vardous parts
of plant nalerial woro ahalten for oo hour with 200 o:.
of 05% ethyl alochol and the ascaridole gonbtont deloerained
by titration. Duplieate saiples of the nateriasl were
stean distilled and the dlestilliastes assayed for sscuridole.

In ovary instance the values oblalned by aleohol extraction
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were rmch pgroaber than corzosponding results froa

stoar dlstilliation, 4 allight dAffervence in valueos
mioht be expected but the fael that the heavy woody
part of the nlant, whiich yilelded bul a bLrace of
asgaridole by stem: disiillation, shwowed an appregiable
waount of asearidole in the alooholie extract, Indioanted
that the aloohol was dissolving some conabitusnt of

the plent other than ascaridelo, whieh was ouapable of
axidliging the titaniwa iriehldoride,

Later Pauly found appreciable amownts of
potassium albradte Iin aleoholie exbtrasts of chenopodium
plants,. The gane maltsrial was likzewise iseolabed in
aleonolic extracts of the herb by a graduate student in
the local laboratory. A8 a rmatter of Intercsi, welghed
saounts of pobtasslus nitrate were digsolved in aleolhiol
ard Litrafed with the titaniwn solutions by the method
uged for angaridole, It was found that approxlbaantely
thees moles of ViCly are squivalent to ono nole ol ¥10z.
It is wsoparent fro: these rogulta that alpohinl was
dignolviag potasslium nlirate from the plant and honoe
cannot be uged asa sn exitructlion agent for ths oll,

One handred gsram sanples of finely ground, whole
plant mabeprial wore then exiracted for itwenty-four hows

th 250 eo. resmectively, of the solvents ilasted bhelow,

el sligquots titrated as usuul, dJdince the titaniunm



trichloride is insoluble in both otier and potroleun
ather, 1t was found neogssary to ovaporate these allquots
to o manll volume and bake then up in alochol for
bitration with the standard solution. At the sane tiwe
duplicente sanples were stea:r dilstilled fran a fjeldanl
flagk and the agueous distillates assayed for ascaridols,

The results obtained are liasted in “able IX.

TABLE IX

The Extrastion of sAscaridole by Various

dJolvents
Sl Averagse Pereont
Bnthyl eothey Qe 57
Patroleum ether -5
Chloroform 0D
Tard

Stean tatiliation .

It was found impossible Lo obiain uniform regults
by titration of tho aliquots of the chloroforn extraction
and the peoreentage ziven represents the average of widely
diverging values,., wjeetling this valuo, the agreonent is
good hetween the amount of ascarddole extracted by slean
distillation and by other sdalvonts. Ythe average deviation
from the mean of Lhe valuoa dotermined by atean dlstiliastion

would indicate that the average value listed mwmy be Iin errvor
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to = JD25.

In aucceeding expeoriments it was desirable %o
gbom Alstill larcer gquanbtitios of herb than would be
roasible in the ovnll glasa apparabtus,. A copper abtill
having a capacily of aboul £ive pounds of chenopodiwun
plants wag used Lor these exporients. Stewn was
obtained froa a laborabtory line and the progasure varied
Lrom 1 bo 3 pounds per squars ineh.

Daplicate saaples of herb arown in plobts that
wore btroated with the garme fordillizer mixbture and cured
for thoe same longth of tie wers gdoan distilled, Yen
cubie centineber aliquote of the M stillates wers
guickly withdrawn froa the colloetion botile after
tharourh shaklng, welshed in a 100 ge. volumebrie lask
and made up Lo volume with ethyl aleohol, Yo aa.
aliquots of the slgoholie solubion were than titralod
az usual. From the por cent of the ascurideole Towxl in
the distillate and welzht of the distillate the total
amount of assenridole present in the plant was caloulated,
The value obltained and the weight of Chw plant natorial
distilled werse used %o caloculato the peor cant of ascerlidoele
in the plant and thence the anouni of ascaridole in the
harb,

Feoaa the reoaalits oblalined by bthese expaoriients tho
asverago deviamtion of the mean values for the amount of

asearidole in the »nlant was found to be B89. approxinabely
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classifieation as a distinet variety of a definite
spoeelos,

“ho plants cultivated in Carroll Cownby, however,
geam to be of two types. lueller®® renarked upon tiese
tyoas, noting that on one type the stems were greon,
while on theo other they were red. ook remariked upon
two rather distinet types of plants,the most strilting
difference baing one of size. le dotermined the ascaridole
content of the two types and found the smaller plant
contained worg ascaridole, Jost of the wormeoced growers
soonmod to prefer the maaller plant bLelloving, which
usunlly bears more frult, tc be the superlor nlant,

It was thousht to be worth while to attenpt to

eonfirm Yock's repultis,
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Sacples of each of the (wo tynos of planbts wvere
obtained from the same fertiliser plot at Colleps Parik,
allowed to cure and stean dlstilled, The ajueous
ontracts were analyzed for aacaridole and the poreent
of ascaridole in the herb coiputed both on wet and on
dyy baeslis, “he following yeayr, 1929, the exporiment
was repeated with plants selocted fron fields in Carroll
County. “oeds wore gselectod fron each type of those
plants and gown in separate green house beds. From the
plants grown, 1ty of eaech: type wore Uransplmyited in
a fleld on the Fxperinent Sitatlon rounds in June, 1050,
Ho fertilizer was applied %o these plants. &L the tine
of maturity only slx plants could be Tound thatl were

"variety” (horeafier designated

typleal of the amallier
as type 1J)e. These six planits Lopgother with six of the
larger {type 4) plant were out when nmabure and allowed
to eure for one month.

Dy. J. 7, 8, Forton, of the Experiment Station
Staff, very kindly offered to exanine specluiens of eash
type. e found the larger plant, type A, had nore arect
ranshes and was greoner than Lype L. “Yhe buds and

flowera of type A were usually lonsor than wido, and ihe

2
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sverage width of tho seods was leas Lhan L mma. In

type B the astonms weoere reddish, the buds mnd flowers

widor $han long and the seeds averagsed 1 rre. or more

in wldth. The distributlon of glandular hairs was

apuroxinmately the sanw In caeh bLyne. v
“hen the plants had cured three of each Lype /

was atoan diatilled as usual, 011l from the distillate

wag separated and smalyzed aad the ascaridole content

of the rosidual agqueous layer likewise determined, “The

rogualia In thils Instant are based upon the alr dyry welght

of the »lants and appear with those previously mentloned

in Table K.
TADTE X

g Per Cont

1y Per Cen Doyt

B - Agenridole zaﬁal
Sourece of Plant ated we T 80.
daterial Type oil baais basis _Crans )
College Park ('28) 4 = 0.4 179 20

College Park {’28) AB - 0¢850 2e

Gollege Park ('28) n A - .78 2.25 11

oodbine 130 AL - 1.26 S« G7 1S

voodbine (130 Ba 54 - 0.65 8

tollege rark (‘oi) B 432 - 0.65 Z

Those resulita ghow thal in two instancos the smeller
plant conbtalned a largor porcentage of ascaridole. “he
values obtalned fron the 1951 College Purlkr plants are

practioally checlis, the difforence Lelng less than tho
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axperinental orror. Mo possible explanation for
these values may Do the long periocd of curing to

which they were subjoeted. Plants of typo A do not
reach mabturity as soon as those of type D and sinoe
they were always cut abt the sane time the larger
plants were less matwre than tho sarller. The prologced
curing of the 12351 erop smy have allowed the production
of ascaridole to proesed to a maxlam value., I,
however, the tyne D plants were slightly paat naburity
there nay have bDeen a logs of frult and leaves due So
sgnattering, wiloh would account for the low yleld
obtained, ‘The difference in the amesridole contont of
the separatod olla can not be comsidered simmificant

on the baails of one debermination,

Although the asearidole content of Yype D planta
is greator than type A, the total amount of ascarldole
produced is not enhanesd to any reat exbtont due to
the differences in slze of the plant, as ahown in the
final ecolum of Table X, lowever, there 1ls a distinet
advantage In handling a smaldler bulk of material if the

same yleld of asecaridole may e obiained.



The Sourca of 011 in the Plant

‘G"‘Fix“*"ﬂ%&? conductad the first recorded microw
chenleal study of ehenopodiw: plunts in an efffort to
locato the sourge of oll in the heyrb., Ilo found the
esgential oll 1s contalned in glandular hairs, st
of which are found on the upper alf of the ovary,
fogstad in a more extensive study confirmed this
fact bubt also found the halrs on the asbtems, especially
an less mabture bLypes, and on the leoaves and the
ambrymie flow tips. Uhoy wore absent on the woody
basal zection as would be expeclted,

Einante=? conducted separalt  sbteoanm Alstiliations
upon 100 pound sauples of seods, stallk and entire plant
material, e found thal vo oil was present in the sbtoll,
tut obtained 438 cc. of an oll eoniulning 855 ascaridolo
from the seeds, and 28% cc, of o1l asseying 80 fraz the
antire plant.

Sinece a moihod was avallable esapeble of dotermining
witihh & falr degree of acouracy smaall anocunbs of ascaridole,
it was doclded Lo atsenpt a farther lnvestigatlon of the
source of ascaridole, rather than o0il, in the various
parts of the plant, Yhe esporiment wag dovised to include
a study of the dilstribution of ascaridole in the two typos

of planta In o further attenpt to investignte the phase of
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the problem.

B P GaTEAL

three plants of the type 4 variety and four
of type B, resmmining from the pmrevious study on theso
types, were separabted into four sonstibuents, nawly,
fruit, seed stems, leaves and atalk, ‘Ywonby ram saoples
of oagl. constituent were stean diatilled and the
distil.ates analyzed as usual, (The aiount of sten
raborial from the type B plants was only 8 granms, wiich
wag Jdilsbtilied as usual., The aaount of leal matorial
from the sase plants was 2 Jrang and was not dlesiilled.
e valur used in Yable X for the pereent of ascoridole
is the one obitsined froa leafl materizl of type A herb,.)
The porceent of ascsridole wna caloulated In eaeh instancs
and rualtiplied by the corresponding welil; it of plant
material. The sua of the resulting yieldsofasearidole
in the plant consbtituents was obhinined for each nlant
type and used to calculate the totel pereentage of
ascaridoele in the plants, These vaiues aroe coapnred
to those obtained by distillation of entire herdb in the

previous experient and are listed in Yable XI,



TALLE XX

Digtrlibution of Ascaridole in the Plant

Type A {3 plants) “ype B (4 plants)
Total
Part of - Ascarie~ Amb., Vit.of Lgoari~ Lnab.i80.
Plant ilaterial dole 480c. laterial dole in part
(s % (Al . Grise Lo OriBe
Bteus 24 QQQ"Z’* « 06 a0 D 2% « 082
Loaves 33 « 08 « 17 2.0 « OB . 4
3*‘"!‘“&%?.‘.“& 256 1.08 2B 8. 1.18 .
Shalk ﬁgl o O3 + 06 ‘&Qv « 05 - o1
Totalse 514 2.04 107 . GG
Pergent ascaridole in plant
from sumation of parts = 0. 55 .62

Porcent ascaridole from
distillation of enbtire plant = ,L,88 « 53

These roaulis would eonfirm the »revalent opinlon
that moat of the asgaridole coowrs in the frald and that
1istle ia prepent in tho atall,. The relatively asall

mounts found in the seed stems and leaves indicate thatb
they are of 1litlle Lmportanse in the to.al sontribution of
ascaridale in the »nlant,

Gdinge the dilferences in the ascaridole eonbent of
the fruit and stems of the two types of plants, respociilvely,
o2re of no sipilflcance, thwe selection of a plant sype having
an abundange of seeds ls indieated. Type I plant having

%% by welght of seeda would ssermt 5o be Pavored over Lype A.



The difference in the percent of ascaridole in plants

of type 4 as determined by the distillatlon of parts

of the plant and of the totel herb, respectively, Lowe
ever, does not permit eny definite conclusions 0 be drawn

from this study.

The Time of lHervest and vuring

It is cummon krnowledge amony the wormsced pgrowers
in the Carroll Jownty producling district that in order
t0 obtein & rarketable 01l thwe plunts must be allowes to
nature before harvestinz. dhils fact was most decidedly
comfirmed in & oractical woy by the introduction of the
modern steam dlastillation ¢ ulpuent in 1908 by the Llee
Brothers of nenr ‘estminster, Mrorylamd. Hr. ldenry Klee,
the surviving member of the {irm, relates that the first
year the still was used the amount or oll obtained f{rom
the herb corresponded to an aversge yield of 100 pounds
per acre, almost twlice the ususl péoduatimn. The o0ll,
however, was of low specifilc grevity end could not be
sold. iepresentantives from New York drug concerms inspected
the 2tlll but could offer no cxplenstion for the low oravity.
The following year the herb was allowed to row approvimately
two weeks longer before harvest, whereupon less oll wes

obtained, but the gravity was within the specified range.



Hogat&dﬁﬁ, in a study of western oils, steam
distilied the plants at various stages of arowth
tiroughout the geason and obgerved thet tie maximm
amount of 01l is obteined jJjust previous to or at the
time of pollination, bui that ti:ls o0il 1s decidedly
deficient in ssceridcle and consisted c.lefly of cymene.
He also noted tinmt air drylng tended to increasse the
ascaridole content. OSince he wos never able o obtain
gn 011 whiiceh would meet the regulrements of the U. 3.
Phermocopocia 1t wus thought asdvisable to investigate

this epperent change in more detsill.

Twelve flve-pound sarples of chenopodium plants
from the gsme fertilizer plot at College Park iIn 1928
ware cut at intervals of two weeks. The sarples were
welghed lmmediately after cutting and in esch Instance
sixz of them were steam distilled lmmedlately, the other
six being allowed to cure in the laborstory for four
days before dilstillstion. 7The distillates were snalyszed
for asceridole and the results in each case were
expressed In terms of percent of asceridole based upon the
wet {uncured) weipght of plent material. 7These results

are listed btelow in Table XII.



TABLE XII

Changes in Ascaridole Content of Plant
with Age and Curing

rate of Percent of Ascarldole
Cutting based upon wet weight Remarks

Fregh herb Cured herb

Larly blossoming

Aug- 14 Q.61 0.77 gt&ge
28 Q.73 1.35 Late blossoming stage
Sept. 11 0.58 1.34 Past maturity {likely
loss due to shatter-
ing

The experiments were repeated in 1930, except trat
only cured plants were distilled. Tie results are in

Table XIII.

TABILE XIIX

Changes in Ascaridole Content with Age

Date of Percent of Ascaridole

Cutting based upon wet welight Remarks

Aug. 20 0.29 Barly blossoming

" 2% 1.04 Late "

Sept. 4 1.18 Fully developed
seeds, few dark

Sept.ll 1.45 Maturity (most sceds

dark)

The dats from Table XII 1indlcates that there is

a decided zain in the ascaridole content of the chenopodium
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plant during curlng as noted by other Investigators.
However, provious experiments would not Iindicate
whether this sain was due to & chemlcal dhenge in the
plaent or Lo loss by volatillzation of the low bolling
congtituentes of the 0il. The frnot thet Horsted noted

g8 prodomlnance of pecymene in the oil at the early
stuges of growth snd suprested a gynthesis of asceridole
from the cymene during e srowth would not necessurlily
apply to the c¢.ange occurring during curing. osince the
ascaridole content of the plants at Jollepe Park was
besed upon the wet weight the results obtained could
not be influenced by any loss of cymene or other low
boiling compounds by voletillzeilon during the curing
process. Thesgse resulis would indicete that there is an
actual syntheslis of amscuridole durling curlng.

The results from both tubles agree with those
obteined by other investirutors by indicating an increase
in the asscaridole content of tihe erb during the period
of rrowibth. T.e fact thv.t no increuse was noted in the
finel period of the 198 experiments is- 1likely due to
e 1oss by shatbtering in the well untured plants. The
wormseed planter 1s cognizant of this fact und tries to
eut the herb before it 1s completely matured.

Pollowing the sugrestlon of logstad an attempt

was mede to secure further evidence of a chemical cnange
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in the olil during the crowth of the plant. A commerciml
planter in the wormseed dilastrilict of vurroll County wus
agked to cut & number of nlantg during the time of
pollination and to distill tho oil from them irmediately
after cutting. ime to a misunderstanding the herdb wes
cut at the proper time, but ellowe: to cure for sane
four weeks before dlztilliation. 7The o1l ob-ained was of
nigh guality,containing 70.2% ascaridole as detormined
by the Paget assay and 63.5% by the lelson assay. The
specific pravity of the oll was 0.963 at 25/26%2. since
no record was made of the welipght of plant retoerisl cut,
the quantitative pspects of thile procedure are 1n doubt.
owever, the gecldental experiment does indicate that
the process of nscaridole syntheslis in the plant either
during growth or curing is likely of the sume typee.
fgcepting the meager evidence proegented that
necaridols is synthesiged from cymene, one is confronted
with the problem of how trls synthesls misht occur. OF
the several products lsolated from the rearrangement of
sscarldole, two seenm to be the moet 1lilkely intermediate
compounds hilch misht be formed In the iransition Crom
cymene to ascaridole. Une of these isolated by Helson

and termed by him an erythrite of ascaridole w»ould seem

to be 1,2,3,4 tetra hydroxy menthane (formula II). 4Analyses

agreed with: this formuls and oxidatlion zave the expected
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produst an Gihyaroxy- methiylisopropyladipic

acld wiich, hovever, differed from vrevious scids

of this t e identified by «ullach. The gther product

w5s rmde by Hichter and Fri@atinggs by 1lncomplete

hydromenetion of asscaridole wii: colloidal palladium

snd corresponded to pera 2 menthene 1,4 diol {(formuls I1I).
Tre addition of © hydrogen and 4 oxycen atoms,

corresponding to 5 molecules of Hpd snd one atom of

oxyzen to cymene {(formala I) would be required to form

Helson's erthyrite (formule II). This compound might

form azcaridole anhydride by loss of 2 molecules of

water snd then rearrange to ascarlidole {(formla V).

'If the mentnene diol compound (formula I1I) is formed

from cymene the edditlon of bhydrogzen and oxygen corresponde

ing to & molecules of water would be necessary. A loss

of & hydrogen stoms {ron this diol would form the peroxide.
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In either event the reactions would seem to
require sane enzyme. In the formation of the erthyrite
a enzyme of the so~called hydroxidase type wonld be
necesssry. he succeeding reactions, those of loss of
water, and rearvangement respectively, would not likely
require an enzyme. A hydroxidase would also be indlcated
for the synthesis of ihe menthene diol (Iil). However,
the removal of ﬁg from this compound would seem to require
an addltionsl catalyst. Of these two suggested reactlons
the latter seems to be the more likely one.

In the procesa of curing,some reactlon other than
gsirple dehydration followed by rearrangement, must
certainly cccuyr since other investigntors have always
obtained an o1l deficlent in ascaridole from ummnture
plants wvretrer cured or uncured. The fact that an oll
containing 70& ascaridole was obtained from very umabure
plants zimply by prolonged standing wounld indicate that
mere loss of water i1s not a satlisfactory explanstion for

trhe curdng process.



PEAPILISER STUDIDS

Although it has been recosnized [or many vears
that chencopodiuwm plunts require fertiliser trcotment
In order to produce apprecisble yvields of a satisfactory
0il, no one seems to have investimeted this problem in
any deteil. lchimmel and Company<7, in 1925, mentim
that the yleld of dried seeds produced by herb grown
in tre Imtch best Indies had been doubled by the use
of phosphate fertilizers. ﬁyeongg, in a2 bLrief review
of the industry, statecs thoat phosphate 1s essentlial to
te growth of the plant.

4 survey of the Larroll County district showed
that in most instances, there 1s no definite fertilizer
treatment used. The selection of the eunaliyses and the
rate of applleetion ere quite varlable emong the individual
planters. At the request of Individuel plenters of the
Carroll County district the University of dervliand Lxperiment
Station sponsored an investization of thie phase of the
industry. ﬁaakﬁﬁ, in 1927, conducted a serles of
experimental plots st “woodbine, in the Jarroll County
district.

In en attempt t0 secure additional informatlion in

regards Lo the effect of fertlillzer trestment, the present



study wae underisken in 1828. The ssme general plen

followed by Hock a3 used in these experiments.

sxperinental Plots

Fertilizer plots were maintained for a period
of two years upon 8 farm near «oodbine in Usrroll Jounty
and for one year at College Yurk. The plants were
obtalned from the seed beds of an esteblished grower,
aet out by nmachine snd cultivated with the regular crop.
™oge at +ollege Purk were planted by hand at the
specifled distrlbution of elgi:teen inches apart Iin rows
that were three feet spart. Thelr cultivation was
identical with that used in general practice.

~itrin three to four weeks after planting the
fertilizors were applied by hand. The experiments
included four seriles of nlots. In eac of the flrst
threo scries the mamber of units of one of the three
elenmental constltuents of the {ertilizer was increassed,
by increments of two, the number of units of the other
two kept constant. One of the mnalyses, recormended
by Hock as belng especislly felleltous to nscaridole
production, hwving the analysis 4-8-4 wes used exclusively
in the fourth seriles, which wes &8 study of the coffect

of rate of gpplication. The ingredlents uzed for the



analyses were; ammonium sulfate, muriate of potash and
nitrate o soda.

Jcecaalonel observations were made during the
growineg season to determine 1f any marked differences
in the size or maturlty of the plants In the different
plots could be noted.

The plants were harvested whon the nmajority of
the seeds werc dark brown in ¢olor. 4t thils stage of
growth the maximam amount of ussceridole 1s obtalined as
has been dilscusszed nreviously. oCince the plots at
#o0odblne were cbout one twenty-fifth of an acre in size,
it was not expedient to harvest and weigh all of the
herb. Accordingly every fifth row was cut in cach plot
for amrples for welighing. From the material from each
row repregsentatlive plants were selected for distillation.
Thie plots at vollege Furk were much smeller, each
contalning 63 plants, and the totsl meterisl from the
plote wus welshed end samples selected as hefore for
distillation.

The plants were stored in a light, warn leboratory
shiere they were allowed to cure for four to flve days.
They were then steam distllled In the five pound copper
at1ll, previously described, until no more oil drops were

observed in tl.e¢ distiliste. Lince the stear prossure
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could not be sdjusted very accurately, the time of
distillation varied from 30 to 50 minutes. Ten cuble
centimer sumples of tie distillate .ecre welghed in a
100 c¢e volwmetric £lask, made up to volume with 95%
ethyl slcohol end alliquote titrated in tlie usual munner.

“his procedure was veried with Jollege Park plots
and trose of woodbine in 1008. 4 separation of oll from
distiliste wos made 1In the former lrstance with separatory
funnels, the oils welghed snd assayed and the aqueous
layer likewlse analyzed. In the 1920 distillations =
simple receliving device consisting of a vertical gless
tube wit. a stopeock at the bottom and an upright side
arm of small bore tubling sealed about tiree inches above
the stopcoek was used. The distillute was collected in
a funnel attached to the smeller tube through whieh it
pesced into the larger tube, end the <1l separated out
on top. By adjusting theo stopoock at the bottom of the
larger tube 1t was possible to dralin off the agueous
layer at the sore ratio as the distlillate was collected
from the still. Sepmrations of oll by this device were
more succeasful as will be shoun later.

The percent of sgeeridole found in the distillate
maltiplied by the weight of distillate gzeve the amount
of ascaridole in the =zasmples used. The percentage of

sscuridole in the plant ves then determined by dividing
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the weight of asscaridole obtained multiplied by
g hundred, by the uncured welsht of the plant.

From the number of plants cut 1In each plot and
thelr total wet weight, the welght of 100 plents
for each plot was computed. Thils method would serve
to decrease any errors lantroduced by loss of unequsl
distribution of plants 1in any plot.

The yileld of sscaridole on the besis of 100
plants was obitained by multiplying the weight of plant
material by the percent of ascaridole.

A discussion of the errors involved will be
reserved for Iindividual consideration of each series of

plots.

Hesults

The data secured from the three sets of plots
ere listed in Tgbles XIV, XV and XVI. The results
obtained by a progressive increase of two units of
nitrogen, pnosvhorus and potash respectively, are
tsbuleted in each tsble 1In that order. The fourth series
shiows the effect of increasing the rate of spplicatlion
of the 4¢-8-«4 snalysis by increments of two hundred pounds.
The results obtained by using no fertilizer on a plot
(No.1l) at College Perk are also included in Table XIV.

In every instance the percentsasges of ascaridole



are caleulated on the baslis of wet or uncured welpght
of the planb. The weleht o0 plent material is
expregssed In terms of the eelculeted welpht of one
huandred plants and the yields of escaridole in pounds

produced Uy oneé hundred plonts.



TAE ¥ XIV

Yield of iAscaridole from College Park
Plots (1928)

Percent “t. Of
date of iscari~ elght sHacarie
applica=- dole of herdb dole

Plot Fertilizer tion in lbg.per lbs.por
Hos  inslysis lbs./ucre Plants 100 plants 100 plants
1 - - 0.64 236 1.8

2 3*3*4 600 0 - 82 217 1. - 3

, LBl ” .85 238 20

4 O=Bed " 0.72 254 1.8

5 4wl " 1.01 230 2¢3

6 4 wlO=4 " 0.80 261 2ol

7 4=)2wd " 0.85 260 2.8

8 4wBwd ! 0.76 266 2.0

@ 4B " 0.68 286 1.9
10 4-8-8 u 0.93 214 2.0
11 4-8«10 " 113 170 1.9
12 4wB~d 200 0.98 159 1.8
13 4=Bwmd 400 1.02 168 1.7
14 s 800 0.60 171 1.0




TABLL XV

YTield of iAscarideole from “oodbine Plotas

(1.928)
Percent "he OF
Hate of Agsceri~ elght hgocari-
applica~ dole of herb dole
Pilot  Tertiliser tion in 1lbs.per lbs.por
Ho. inalysis lbs./ocre Flants 100 plants 100 plants
e Bedwd 600 1.45 223 S8
3 4Bl " .90 259 2.3
uw mw.!m.l% " H.»uvmm mmﬂ &,OG
B Gmimd H 1.71 261 4.5
6 4«10=4 i 1.10 325 B8
7 4=12=4 " 1.45 2093 4.3
8 4B " 0.88 264 2.2
] L wBwG N Q7 268 240
10 4=8=8 " 1.10 304 3e3
11 4-8=10 N 1.20 303 Bek
12 4wBwd 200 1.54 245 37
14 4-Bud 800 1.50 266 4.0
15 dmfiad 1060 1.64 306 5.0
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TABLE XVI

Yield of asscaridole from - oodbine Plots

(1929)
Percent “te of
Hate of Asscuri- Lelight Lgcari-
applica- dole of herd dole
Plot Fertilizer tion in lbs.per lbs.per
_lo. snalysis ibs./ecre Plents 100 plants 100 plents
2 BeBed 600 Q.25 63 0.186
3 4=B-q u C«34 4 31
4 G=8=4 " 356 57 «£20
B d=G=d " 44 101 44
6 4=10=4 ” 358 121 44
7 4wlD=d " «36 129 .46
8 4B " 36 115 4l
9 4mBub i 36 131 -3
10 4-8-8 " .38 136 .58
11 4«88«10 v «51 110 56
12 4‘8*4 200 L) 47 80 L] 38
13 4wl 400 14 o7 43
14 4=Bed 800 42 80 «38

15 4=B=4 1000 «358 1286 48
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DIECUUGIOE OF HLLUBS

The Iiffect of Fertilizer Treatnent

Consideration of the date presented in
Table XIV shows thot the unfertilized plot (Ho. 1)
produced an appreclable amount of plant material, but
trat the yleld of sscaridole was low by comparison to
adjacent plots. The values for this plot cannot be
sapared to the results obtulned from plots numbers
10 to 15 respectively, since they were all apparently
affected by a s0il difference in the fleld. It 1is
ohvious thwt increassed yields of ascsridole are obtained

by use of fertilizers.

Ine IL.ffect of liitrozen

A progressive Increase of two unites of rnitrogen
from 2 to 6 in the fertllizer treatment at College rark
resulted in e rather wniform Ineresse in the amount of
plant material formed. vorresponding plots st VWoodbine
in 1928 likewise showed & deflnlte increase in the amownt
of herb produced when the concentration of nitrogen was
increased from £ to 4 units, but an additional two units
of nitrogen lLad little effect. The nitrogen serles at
noodbine in 1929 was not considered since these plots

were most markedly affected by & severe drought.
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Apiroximatoly one-~fourth of tie plants were killed and
the others were decidedly stunted.

The effect of nitrogen on the production of
ascaridole may seen o be indefinite as shown by the
varistion of the results obitalned fran 1988 plots at
toodbine and <ollege Park respectively. llovever, the
differences in the ylelds from indilividusl plots of thie
aeries st vollepe Park are wii . ln the limits of experirental
error and may be considered to be checks. Plots treated
with two and six units of nitrogen, respectively, st
voodbine also siowed no difference on the production of
ascaridole.

It is concluded that an increase in the concentretion
of nitrocen has no effect upon the yileld of asceridole

obtuined.

The Lffect of i ogphorus

If plot number 3, trested vwith a 4«84 analysis,
1s considered & member of this geries, o glipght incrense
in the amount of herb rproduced at Jollege Park 1s noted
by an increase in the number of units of phospihoris from
two to four. 4An sdditilon of tvo more units of phosphorus
produced & marked increase in the yileld of plant meterial.
However, no difference was olitained when the concentration

wag further incressed to twvelve unlts.



Practically tle same trend is found In the
1928 ' oodbine series. The vield of herb fran plots
treated with sgilx and elrht units of phosnorus
respectively was practicelly rlw sameo whlle that
cbteined by treatment with ten unlcs was considerubly
higsher. 4 decrense 1l noted in the yleld of rmsterisl
when twelve units were npplied. Omitiing plot number
3 of the 1929 "nodbine series, which wae affected
by drought, a pronounced inerease again iz noted in
the yleld produced by appl ication of a 4-10=-4 anslysis
as compared Lo a 4«86«44 anslysis.

The yields of ascaridole produced by plots in
this series at vollege Purk may be considered ldentical
in every instance. Thoge from the 19Z8 woodbine plots
are decldedly irregular and the only conclusion possible
1z that phosphiorus does not increase the production of
ascaridole. The values obtuined from plots in 1929 at
vogdbine show no differences beyond the limits of errors.

Phosphorus seems 0 increase the production of
herb but apparently does not favor the yield of ascaridole.
There 1s & possibility thmt it may, by incressing the
gize of the plant, retard to some extent tho maturity of
thie herb.

As has been diacussed under the subject of "Time

of lHarvest’, the stage of maturity of the plant when



harvested is a decided factor in the production of
escaridole. It had been noted throushout the growing
season that plents in plots numbers © and 7 ware
always larger than thoae in any other and they may have
natured later.

ine sffect of Potash

since two plote 1in thls series, numbers 10 and
11, were affected Ly & so0il difference, no interpretation
of the results obtmined Lor the production of plant
materdal is sitempted. The deta Lfrom the 1928 Loodbine
plots indicetes trat the only apprecisble incresse in
plant materisl is obtalned when the concentration of
potash ia increased from sixz to elght wnits. Velues for
the three lowoer concentrations and for the two hipg er,
respectively, are almost identical. The results from
the 1920 " oodbine serics, sxelwding those from plots
mmbers 3 apd 11, bhotn of which were afiected by drought,
gow & slight upward trend.

The only signifieant fuact demonstrated by the dats
for the ylields of asceridole in the potash series st
College Park is thlat the amount of this material produced
by the plants in the affccted” soll area (plots mumbers

10 and 11) was prectically idonticel with tiat obtained
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from plots containlng a rmach larger amount of herb.
Since the plots in tuis defledient s0i1l ares were trested
with highly concentrated potash fertlligers, 1t may be
sgssumed that this constltuent of the enalysis is
felicitous to the production of ascaridole in the plant.
“his sssumption is confirmed by the vesults obteined from
the 1928 Loodbine plots. slthough ne sipnificant change
is shown by an increase of the concentration of potash
from two uniss to Bix, & decided incresse in esceridole
was obtalned when two additlionsl units were epplied. A
further incrense of two units of potash produced no marked
changes. - ractically the sume trend is noted in the data
from the 1989 toodbine plots. At the lower concentrations
the ylelds of ascaridole obtained were identleal
(excluding plot no. 3 for previously steted reasons).
Although the yvields are very smsil by comparison with the
results fron previous yvears' plots, the incresse in the
amount of asceridole obtained by treatment with a 4«8«8
analvels over ti.at obitalmed by use of a 4«8« mixture is
gimificant. 7The furtier increszse In the value for the
succeeding plot in the series le withiin the limit of errors
and not significant.

These resulta would indleate that potash has Little

effect on the production of plant material, but must
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certainly favor the synthnesis of ascaridole in the plant.
There 1s o dlstinet upward trend s own by the valunes r
the npercentages of asearidole in the plant for the series

in enrch of the three asets of plots.

The »ffect of Amte of Apvlication

The data {'or the Uollege rfark series concerned
with the rate of anplication of ithie 48«4 mixture is not
aonsldered beesuse of the goil difference indicated. The
resulte of the 1928 oodbine plots for this series are
mogt Inconsistent since the production of plant material
is increcsed by &n incressed rate of appliecation from
two hundred pounds per acre to four hundred, wiile two
sucgessive increments of two amndred pounds e¢ffected but
& sllight rise above the yileld of the plot treated with
the lowest rate. The highest yleld, however, was obtained
when & rete of one thousand pounds per acre was uvaed.
Compareable results were obtained from the 1029 Yoodbine
plots in tralt the highest yleld of plant materinl wes
again produced by the plot trected wit:: the highest rate
of application.

The effect of the rete of eppllcotion on the yield
of ascaridole approximates its effect on the production of

the herb. Lo spprecisble difference 1ls noted in the speries
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untll the maximmm rate of application was used. The
18929 Woodbine series show the same effect.

Nitrogen was found to be a factor in the production
of plant meterial, but an ingresse in its occnoentration
from two to six unite had no effect upon the production
of asecaridols. & h4gnm;‘aonaeut:ntud~phaspharus fertilizer
aﬁhanead the yleld of plant’maﬁériul.bﬁb did not incresnse
the yield of ascaridols. Increasing the concentration of
potash ebove six units incresses to some extent the
production of herd and decidedly inoreases the yield of
ascaridole. The rate of application shows little effect
in either the yleld of plant material or ascaridole until
used at the rate of one thousand pounds per mere.

The most practicsl fertiliser trestment,which is
indieanted by theae results, would be a 4~8«-8 analysis.
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The methods employed in the distillation of
chenopodium ambrosioldes hiave been studied by several
investizators. silnce the incoption of the modern
steam distilliation plant in 1908, Lchimmel and Samp&nylg
nave made numerous recommendations as to the proper practice
neceasayy to secure o0ils that would meet pharmeceutical
requirements. They found that prolonged boiling of
ascaridole wlth water caused a decomposition of the
ascaridole.

several investigrntors have contended that the
poor quality of oils obtained from " estern plants has
been due to faunlty distillation nethods.

Konents®? remaried that the o1l obtained by ?1rt§7
froan herb grown in Hiehipan wos undoubtedly low in mscaridole
content beccuse of prolonged distillation with low steam

10 had found that the emount of deconpo-

pregsure. lelson
sition products (me determined by fractional distiilation)
in olls obtained from cammerclel gstills was not more than
2e3% 1f high steamn pressures were employed. le recoarmended
hirh eteam prossures, a warm condenser and a rapild
distillation.

ﬁuﬁa@llﬁl obtalned more oll fron a rapld distilletion

wit 8 warm condenser than from & zlow distillation with &



cold condenser. In the former instance the 01l was
of a superior quality. ie found no difference in
the guality or yileld of oil distilled from herb at
pressures of from 80 to 100 pounds per square inch
but low rravity olls were obtalned at 40 to 60 pounds
Prossure .

&8 & result of these studles distllistion methods
have been falrly well standardlzed throughout the
production distriet. The commercisl distiller employs
stesm pressures of approximetely 90 to 100 pounds and
the average time of distillation is from fifteen to
tiirty minutes.

£1thouzh this phase of the chenopodiwn industry
seered to nve been Investiguted most thoroughly, it
was thourht vorthwl:lle to inspect the vurious types of
8tills used in the producing district and to determine

if possgible the efficlency of their operation.

LX 2L LIENTAT

Visits were made to variocus distillation units
during the perlod of operation. Since numerous
descriptions and photosraphs of tiese stllls appesy in
the iitersture, only a brlef outline of the process will
be mentioned.

The cured herb ls pacsked Tishtly in iron retorts



of from 200 to 400 pound capaclity. Iinped iron covers,
balanced «ith counterweloiits are tightly clamped on the
retorte by uewns of wing bolts. V;teum gencrated f{rom
a small boiler ls introduced near the bottom of the
retorts and the vapors condensed LY conducting them
through some thirty feet of iron plpe placed rorizontally
in a trough and c¢ooled wit: rumning water. 7The condensote
is collected in various types of metal burrels of
approximately 50 gal lon capacity. Aafter the barrel is
falrly well filled,the o1l sepurating out on top, a stop=-
cock at the bottom 1s opened end the weter layer, in most
instances, mllowed to run off &t a rete espproximately
equal to the flow of the distillate into the receiver.
£% lesst three of thwe stills in the district, however,
are enunipped 8o that a recovery of theo o1l lost in the
waste ligquor may be effected. 1In thege stills the
agueous laver is collected and returned by means of a
steam siphon to g retort, and redistilled. 4in wpproecisble
amount of 01l 1= secured fras the waste liguor as will be
BHOWNe

Xoeck had reported an cefficiency of 95 for cne of
the larger tllls in the district. 7This resull was
obtalned by wnalveing the oll obtained Ly distlilution and
the waste liquor and sssuming the total amount of asgccridole

to be ti.at avellable. The amount of ascaridole present in
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the recovered o0ll divided by the *otal amount avallable
would give the approximate efficiency of the stilil,
This exverl ent uwas repeasted on the some stlll In
1929. & redistillatisn of the agqueous layer fron the
first distillatlon was mede and the 01l recovered was

ananlivsed. The results are listed in Teble XVII.

TABLE XVII

Amt e of T Timt. Frt.of  Amt.
oll © [ i8C. smte oOf ascG. ABC.

SEPAT= ASGC.! Bepar- ag. in ag. in aq.

ILbhas. of Distilis~ ated in | ated = layer layer layer
herb tion 1lbs. 01% ibse  1lbas. % ibs.
3690 1st 44 sh L 20 498 0.30 15
- £nd (4 8e 6 = 82 G5 5

Total }”f . 3B

rom data In the sbove teble the amount of ascaridole
avallabie in w.e “erb can be obtalned by two methods. By
the first the amount of agcaridole in the serarated oll
after tie irst distilletion (29 pounkis) plus the
ssenridole found in the weter layer (15 pounds) would equal
to 44 pounds, or by the second method the totel escaridole
reocovered by both distillietions (55 pounds) plus the
ascaridole in the residue frbm the second distllistion

{5 pounds) would be equal to 40 pounds. 1t is thought that
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the most slgnificant erpgr in the first rethod was
in the value for the pounds of distillunte which was
obtained by calculetion from an estimsted volume. The
volume of the residue from the second distillations
could be detormined with much grecster sccuracy. he
nmost likely source of error in the second method would
be due to deterioration of the o011, wiieh: will be
discussed below. The efficliency, thercfore, was
caleulated on the baslisg of the average of the ahove
two values (42 pounds) and was egqual to 83%.

in edditional check of the eofficlency was obtalned
by distilling & representative sarvple of the herb used
in the above experirent in the small leboratory still
and assaylng the disiillate. The snclysis shiowed the
plant to contein 1.085 ascaridole which multiplied by
the welpght of erb used in e large still {3600 pounds)
would indicate thamt 40 pounds of sscaridole wee svallable.
Tiis wan ld Indicate an efficiency of 875 for the larpge
still.

! & mumber of other stills in the distriet were
visited ond sarples of o2ils and the dilscarded emqueous
layer obtuined, in rost instances. the results are
expressed in terms of peorcent of ascaridole found,

13ated below.
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Tabinds XVIZL.

/mount of lsceridoie (percent) In

Tater layer Dil Trom Teter Llayer
9011 from lst from lst Znd fra: 2nd
Year 6111 distillation distilletiom distillation distilintion
1928 A 56 0.30 566, 0.85
1931 A - - 25, -
1930 B 8l 51 007 0.31
1931 Q - - 98.0 -
1931 G - - 96 el -
1929 D 77 26 '
1929 IS 78 o33
1989 P 64 « 50

Tre most significant data in thie table ia that
expressed for the ascaridole content of oils recoversd
by redistillation. In fgmr instances practlcally pure
ascuridole was abﬁaineﬁ.l Munch and ﬁeindellarao In 1931
remarked upon the high quallty of such oils stetinc that
they are termed "high test” oll of wormseed.

4t about the same tlme mulyl

s 88 8 result of
laboratory exporiments, had found that pructically pure
ascnridole was obtained by redilstilletion of waste lilquors
from distllletion. ie refluxed pure ascaridole with water
for & hours ocnd nosed that the deterloration smounted to
only 11 percent. Illowever, since one-nalf of iz material
was lost by escape of vapors from the condenser, these

results may not be relisble. lig conternded tihat the main

factor in disztillstion iz not the decoanpesgition of sgcaridok



- 20 -

by steam but its loss due to its solublllity 1in water.
e Ffound the solubllity of ascaridole at room temperature
to be about 0.3 grams per 100 ec.

The velues in the above table for ascaridole content
of the agueous layers seem to support fsulwy's conclusion
gince in most instances they approximate the solubllity of
ascaridole in wuter. rllowever, the o1l obtalned by
redistillation for 8tl1lll 4 in 1928, had evidently decomposed
appreciably, since 1t ussayed 100 ascarldole by the
Kelson met 0od {4t was completely soluble in 60% acetic
acld)., The apecific sravity at £25/25%9 was 1.007,
indicating that very little low bLoiling constltuents were
pregent. ‘he serple of oil from still F likevise had
suffered decomposition since its specific gravity was
0.973 indicating an 80« ascaridole content. The specific
gravity corresponded to the ascaridole content of a&ll of
the other oils,

The three large etilleg, A, B, and ¢, are quite similur
in their gmererel plan except L at the retorts of & are
exposed to the aler, while those of U and ¢ are embedded.

he retort used for redistlllation, however, is sbove the
surfece in osc¢: ingstance. It was thought that nossibly
the oils In stil}l A would require longer exposure to steam
due to losg of heat by radiantion “irmgh the wallas of the

retort end trat this misht account for the deterioration
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noted in the redistilled 1928 oil. Ajthough the oil
from the first distillastion showed no deterioration,
vyet it may have been in an unstsb le condition due to
heat. This conclusion was Invalldated by the very
fine o1l obtained the succeedling year. NWo sipgnifilcant
differences in the operation of the stills were
observed.,

The two values llsted for recovered oils from
still C repreaent gamples obtained from the ends of the
condenser by rapld snd slow distilllation respectively.
The oil obtained by rapld distillation contained 98%
ascaridole. It was, however, reddish in color likely due
to the presence of lron oxlde dilssolved from the retort.
Less rapid distdillatlon resulted in a slight drop in
ascaridole content.

These results show that an appreciable recovery of
ascaridole 1s affected by redistillation of the waste
liquors from the first distillstion. The efficleney of
a still equipped for this recovery of olil was found to be
approximately 85%.

inalysis of the discaerded water layers from several
stills showed that the amount of sscaridole lost is
practically the same in all instences and corresponds to

the reported solubility of ascsridole.



SUIMIARY 0F PART IX

The ascuarildsle content of two types of
chenopodium plants cultivated in CGarroll County was
determined. “The analler type of plant was found to
yield the higher percontage of ascaridole. lHowever,
this may be duo to a difference in the rate of
maturity of the plants,

A determinstion of ithe ascaridole eontent of
constituent parts of the herb was made. The greatest
pergontage of ascaridole waa found to be present in
the fruiltb.

An inerenses in the ascaridole content of »lants
after curing was noted. The magimpi anouwnt of aseuridole
wags found in mature plentas, A4 sugrested mechanism for
the aynthesis of asoaridole in the plant was nado.

A gbtudy wag mnde of the effect of fertilizer
treatment apon the yield of ascaridole in chenopodiun
plants. An inersased goneeniration of niltrogen Luproved
the yvield of plant matorial to some exteont but dld not
inereage the production of asearidole, A narked incronse
in plant material was obiained by the use of concontrated
phogphorus analyses, but the yield of ascaridole was not
affected, igh concontrations of potash inereased both
the yields of ascaridole and plast naterial, A 4-0-8

analyslis is reconmended for treatwment of the hoerb. An
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inorease in the rate of appliocation of a 4-8-4
analysis showed no effeot on elther the produstion
of asearidole or of plant materisl until the vaiue
af one thousand pounds per agre was employed.

A study of a modern steam distiliation plant
in Carroll County showoed its afficlienoy, Lamed upon
the roecovery of chenepodium oil from the plant to
be 85%. Redistillation of the separated water layer
1s recormended, The most signifiscant loss of ascaridole
was found to be due to its solubility in water, There
was evidence of some decompoalition of ascaridole,
howaver, in two instances,
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REPORT ON CHENOPODIUM OlL.
THE DERERMINATION OF ASCARIDOLE IN CHENOPODIUM OIL.

By L. B. Broucuron. Associale Referee, and G. S. WriLAND (Chemis-
try Department, University of Maryland, College Park, Md.).

Chenopodium or American wormseed oil has acquired special impor-
tance during the lasl ten years from ils use in the campaign against
hookworm.

It is now known from the work of Schimmel & Co.! and Nelson? thal,
the chiet components of the oil are (a) ascaridole (Formula 1), which is
present to the extent of 60-75 per cent: and (b) a mixture of Lerpenes
with p-cymene, [-limonene and probably «-terpinene, collectively known
as the hydrocarbon fraction.

The work of Smillie and Pessoa® no longer leaves any doubt that the
organic peroxide ascaridole is the sole component of the oil that exhibits
anthelminthic action against hookworm and roundworm, the parasites
for which the oil is generally used.

Since the establishment of this facl, many attempls have been made
to develop a means of ascertaining the quantity of ascaridole present in
an oil. Color reactions that take place on heating chenopodium oil with
other substances have been described and recommended for qualitative
information. Wirth*, in 1920, staled that a 50 per cent solution of
potassium hydroxide in 50 per cent aldehyde-free alcohol was suitable
for a microchemical reagent for chenopodium oils. Langer®, in 1921,
proposed the use of phenolphthalein, taking advantage of the red color
produced. As a quantitative measurement, this color reaction is only
fairly satisfactory. 'The inlensity of the red coloralion is proportional
to the ascaridole content only if it is heated uniformly al a lempera-
ture of 155°C. With oils of at least 60 per cent ascaridole content, the
experimental conditions are easy to check, but not with those of lower
content. The lower boiling portions prevent the heating of the oil to
this temperature in a given time, so that the red color is not apparent
at first, and if healing is conlinued the lower fractions boil off. Knafll-
Lenz and Hofmann® attempted to perfect a biological method, using
worms, fish and mice, with unsatisfactory results. These authors, how-
ever, have proposed a color reaction with hydrochloric acid that shows
some meril.

Of the quantitative methods, two have been proposed. In 1921
Nelson” published an assay method based on the fact that the hydro-

Report, April. 1908,
33, 1404 (1911); 34, 351 (1913): 42, 1204 (1920).

1 Schimmel & Co
2.J. Am. Chem. Soc
3. Pharmacol. . 9 (1924).

4 J. Am. Pharm. Assoc., 9, 127 (1920).
5 Pharm. Zig.. 66, 191 (1921).

§ Arch. Pharm.. 2, 117 (1929).

7J. Am. Pharm. Assoc., 10, 836 (1921).
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carbon fraction of the oil is insoluble in 60 per cent acetic acid and that
the ascaridole is miscible with this solvent; and in 1926 Pagel! proposed
a method, taking advantage of the oxidizing property“of the organic
peroxide ascaridole. It is with these two methods thal this study is
principally concerned.

Until 1921 the United Stales Pharmacopeia slated thal wormseed oil
should be judged by ils physical constants and specified that it have a
specific gravity of 0.955-0.930 at 25°C.. and an oplical rotation of —4° to
—10°, and thal it be soluble in eight volumes of 70 per cent alcohol and
have a refractive index of 1.4723-1.4770 at 20°C.

Nelson? pointed out that an estimate of the ascaridole in an oil, based
on purely physical constants, was not reliable, since ascaridole is unstable
under certain conditions and the oil may deteriorate without changing
the physical constants. e then proposed the solubilily method, details
of which are as follows:

Ten cubic centimeters of chenopodium oil is agitated thoroughly in a cassia flask,
the neck of which holds 10 ce. and is graduated in tenths, with 60 per cent acetic acid.
The flask is then filted to the mark with 60 per cent acetic acid and allowed to stand or
carefully centrifuged.  The volume of the undissolyved oil deducted from ten, multi-
plied by ten. gives the volume percentage of ascaridole in the sample.

This method was adopted by the U. S. P. as official.

In his report on the use of the Nelson method, Paget? pointed out the
fact that ascaridole readily reverts to lhe inactive form, ascaridole
glycol anhydride, Formula I1, by an intromolecular change and that
this product is readily hydrated (o form ascaridole glycol (Formula T11).

CH, CHa CH»
|

|
c c C
Hzc/ é\CH H e l \CH Hzc/ l \CHOH

2
b ) 0|
Heo 9 cH HC ‘ CH HC | CHOH
2 \CI/ 2 \C/ 2 \C/

| | |

CH34C— CH3 CH3’_C‘CH3 CH3_‘C_CH3
H H H

FORMULA | FORMULA 11 FORMULA 111

Paget further stated that he found evidence of this change taking
place by the application of either dry heal or steam. Since the oil is
extracted commercially by steam distillation, it seems likely that such
a change would occur. The anhydride and glycol are soluble in 60 per

1 Analvst, 51, 170 (1925).
2.J. Am. Pharm. Assoc., 10, 836 (1921).
3 Loc. eit.
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cent acetic acid and therefore would be determined as ascaridole by the
Nelson method. Paget also referred to the adulteration of the oil with
substances such as cineole, which is soluble in acetic acid.

Previous work by Wallach! demonstrated the possibility of the reduc-
tion of ascaridole with hydrogen in the presence of palladium. The
reduction product was 1-4 terpin, corresponding to the addition of four
atoms of hydrogen. Based on this fact, Paget sought to find a suitable
reducing agent for the peroxide. He finally selected titanium trichloride
(TiCl;) as the most satisfactory. From the constilution of the peroxide,
reduction should correspond to the addition of four atoms of hydrogen,
but the amount used was about one-third of this; assuming the addition
of but two hydrogens, the amount of TiCl; used was about three-fourths
of the theoretical amount. Itxamination of the reduction products by
this author did not show the presence of the anhydride or of the glycol.
Hence, Paget was forced to rest the determination on the empirical
factor that one gram of ascaridole is reduced by 1.2770 grams of TiCl..
This figure was the mean of a number of results varying from 1.240 to
1.3040. Details of the method as described by him are as follows:

Titanous chloride solution was prepared and standardized as described by Knecht
and Hibbert?, 66 cc. of the commercial 15 per cent solution being made up to 2250 cc.
One gram of chenopodium oil was diluted with 96 per cent alcohol to 100 c¢c. and to
10 cc. of this solution in a flask, through which a current of carbon dioxide was passing,
an excess of titanous chloride was added: the flask was then closed with a Bunsen
valve, and its contents were heated almost to boiling for 1 or 2 minutes. If the pale
violet color of the titanous chloride disappeared, more was added to insure the presence
of an excess. The formation of a precipitate of titanic oxide during heating did not
interfere with the determination. About 1 cc. of 5 per cent potassinm thiocyanate
solution was then added, and the solution was titrated back with a standard solution
of iron alum until a permanent faint red color was obtained. The amount of iron used,
calculated in terms of titanous chloride, gave by difference the quantity of the titanous
chloride oxidized.

STUDY OF THE PAGET METHOD.

Since the determination of ascaridole by the Paget method is based
upon an empirical factor, it was first essential to verify its value. A
quantity of ascaridole, designated as oil A, was obtained, redistilled
five times, and that portion giving the following constants: boiling
point 85°C. at 5 mm., optical rotation = —2° refractive index = 1.4745,
and specific gravity 1.0029, was selected as a standard for the factor.
This oil showed a value of 100 per cent ascaridole by the Nelson method,
being completely soluble in 60 per cent acetic acid at 25°C.

In a preliminary study of the standardization of this method, it was
noted that the concentration and volume of hydrochloric acid, added to
the titanous chloride in preparing the standard solution as recommended

1 Ann.. 60. 392 (1912).
2 New Reduction Method in Volumetric Analysis, 1025,
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by Knecht and Hibbert, affected the value of the empirical factor
obtained. (This observation was noted by knafll-Lenz and Hofmann
and reported by these authors, loc. cil.)

To test the effect of different concentrations of hydrochloric acid
used in the titanium trichloride reagent. the following solutions were
prepared: Solution No. 1 contained 22 cc. of hydrochloric acid per
liter of TiCl; solution; solution No. 2 was prepared as per Pagel’s
directions, 44 cc. of concentrated hydrochloric acid per liter; and solu-
tion No. 3 contained 88 cc. per liter volume. The acid employed was
36.5 per cent. These solutions were standardized against a 1 per cent
alcoholic solution of the standard oil A. The determinations were carried
out following Paget’s directions. The lime of heating was one and one-
half minutes in each case. The results are given in Table 1.

Tasre 1.
I fleet of hvdrochloric acid on the standardizadion of TiC1..

FACTOR

(TG oxmziep
HCE pin ACIEB NORMALITY NORMALITY pER L GRAM OF
NO. LITER OF SOLUTION or TiCl; ARCARIDOLE)
o qrams
[ 22 (2Nt 0.032 1205
1 4 RETI 0.033 1,283
Hi ~ 1136 0034 (IR

The dala in Table 1 show very clearly the influence of concentrated
hydrochloric acid on the reduction of the peroxide, and the value of the
factor for TiCl;. If it is assumed thal two atoms of hydrogen are
involved in the reduction of the compound. two molecules of titanous
trichloride would be required; or for each gram of ascaridole 1.8378
grams of TiCl; would be necessary. Hydrochlorie acid is necessary to
stabilize the TiCl; reagent. However, il seems to change part of the
ascaridole, whether by molecular rearrangement or by actual reduction,
so that the empirical factor for TiCl; is dependent upon the concentra-
tion of hydrochloric acid used in preparing the reagent, as the above
findings confirm.

Owing to the factor variation shown in Table 1, the preparation and
standardization of the titanous chloride used in these studies were as
follows:

Two hundred cubic centimeters of titanous chloride solution (15-20
per cent) was boiled with 400 ce. of concentrated hydrochloric acid (36.5
per cenl) in a flask, cooled, and diluted to 9 liters. It was kepl in a
storage bottle, and the bottle was complelely fil'ed. The outlet of the
bottle was fitted with a rubber stopper through which a piece of glass
tubing was inserted. The tube was bent downwards, and a pinch cock
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was placed at the rubber connection. Glass tubing formed the connec-
tion to the bottom of the buret. The stopper in the storage bottle had
two holes, one leading to the top of the buret and the other to a bottle
containing alkaline pyrogallol solution and from thence to a Kipp hydro-
gen generator. The apparatus was air-light, and the pyrogallol solution
was changed frequently to prevent oxidation of the TiCl;. With these
precautions a solution of approximately 0.02 NV TiCl; was obtained.

With the standard solution adjusted as described, samples of oil A,
approximately 1 cc., were introduced by a pipet into a clean, dry,
weighed 100 cc. volumetric flask; the {lask and oil were reweighed, and
the weight of the oil was recorded. The flask containing the oil was then
filled to the mark with 96 per cent alcohol, and the total weight was
taken. Next, a 10 cc. aliquot was removed, and the weight was oblained
by difference. The aliquot was immediately placed in the titrating flask
under carbon dioxide, and the procedure described by Paget was fol-
lowed. Sixteen determinations were made upon samples of the standard
oil A. The results are listed in Table 2.

TaBLE 2,
Value of the TiCly faclor.

TiCls TO REDUCE ONE GRAM

SAMPLE NO. OF ASCARIDOLL

grams
(288
290
(287
285
305
204
281
208
264
271
277
292
(2R4
275
(282
277

BeRe i Rl i L

10
11
12
13
14
15

16

bk bk et ek ek bk ok ek pmd ok b o

Average Factor 1.284
Paget Factor 1.277

Difference 0.007

Table 2 gives the number of grams of titanous trichloride required to
reduce one gram of the standard oil A used in establishing the value of
the Paget factor. The minimum value was 1.264, the maximum 1.305.
The average is 1.284, which checks within 0.007 of the Paget factor;
the variation is doubtless due to the difference in the strength of the
hydrochloric acid used by the author of the method and that used in
preparing the solution for these studies.



1930] BROUGHTON: REPORT ON CHENOPODIUM OIL 339

COMPARISON OF NELSON AND PAGET METHODS.

The factor value in the Paget method having been established, atten-
tion was directed to the accuracy of the Nelson and Paget methods in
determining the percentage of ascaridole under varying conditions of
concentration. For this work a quantity of commercial oil was obtained
from E. W. Pickett, a producer of Carroll County, Maryland. This oil,
referred to later as oil B, had a gravity of 0.9840 al 25°C. 1t contained
88 per cent ascaridole by the Nelson solubility assay and 91.78 per cent
by the Paget method. This oil was distilled under a pressure of 8-10
mim., and the following data were obtained:

TEMPERATURE RANGE O1L
°C. ce.

65-95 349

94-101 538

Above 101 517

The fraction boiling between 65°-95°C., known to be largely cymene,
is designated as oil C; the higher boiling fraction (above 101°C.), as
oil D; and the middle fraction (94-101), known to be largely ascaridole,
as oil E. In addition to these oils, oils F and G were obtained from
plants grown at College Park, Maryland; H is a sample obtained from
Baltimore, and I, J, and K were obtained {from distillers in Carroll
County, Maryland.

The percentage of ascaridole in these oils was determined by the two
methods, data for which are listed in Table 3.

TaBLE 3.

Ascaridole in commercial odls.

NELSON PAGET

o1L ASSAY ASSAY

per cent per cenl
Group 1 A 100.00 100.00
K 100.00 100.00
Group 11 D 98,00 93.19
I 70.00 67.81

(¢ 70.00 6681

H 75.00 9 .95

1 70.00 68 .95
[N 7500 74.90
Group 111 B 8800 91.78
1 35.00 45 .49

J 62,00 6.3 .00

Oils A and E represent samples of ascaridole of the highest purity.
Oil A was used to establish the value of the Paget factor. Oil E was
prepared with the greatest care, and based on the factor 1.284 is 100 per
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cenl pure by the Paget method. Both of these oils were completely
soluble in 60 per cent acetic acid, or gave 100 per cent purity by the
Nelson method. The remaining oils in this list fall into two classes:
Oils D, F, G, H, I, K (Group 11) ard B. C and J (Group III). Group 1I
shows a higher percentage of ascaridole by the Nelson method than by
the Paget assay, and the reverse is noted in Group III.

Paget pointed out that the Nelson method is based on the fact that
the hydrocarbon fraction of chenopodium oil is insoluble in 60 per cent
acelic acid and that the ascaridole is miscible with this reagent, but
that ascaridole readily forms ascaridole glycol anhydride by an intro-
molecular change and that this product is readily hydrated to form
ascaridole glycol, both of which are soluble in 60 per cent acetic acid.
He further stated that he had found evidence of this change taking place
by the application of either dry heat or steam.

Since the oils in Group Il were oblained by the usual method of steam
distillation of the herb, it is apparent that a fraction of the ascaridole
would be converted into its tautomeric forms, ascaridole glycol anhydride
and ascaridole glycol, and being soluble in 60 per cent acetic acid accounts
for the high values by the Nelson method.

To confirm this theory further, portions of oils I, J and K were heated
to 113°C. under vacuum and then allowed to stand in clear glass-
stoppered bottles from February to May, when determinations were
again made. Results of this experiment are given in Table 4.

Tasiwe 4.

Asecaridole as shown by Pagel and Nelson methods.

FEBRUARY MAY

OILs

|
per cenl ’ per cenl

|
Nelson Puget Nelson | Paget
_ B e ——— e | —— — e —
per cenl per cenl
| 70.00 i 63,95 7000 67.03
J 62 00 ! 63,00 62 00 61 22"
N 7500 J 7490 75 00 J 69 27

The slightly lower figures obtained by the Paget method indicale the
deterioration of the oil due to intermolecular change, whereas the same
values obtained by the Nelson method at the end of the experimental
period showed no deterioration of the oil.

Oils B, C and J, or Group III, present a little different problem. Here
a lower percentage of ascaridole is recorded by the Nelson method than
by the Paget. Oil C is the first fraction obtained from the distillation
of oil B; it consists largely of cymene. When the Nelson method is
applied under such conditions, ascaridole and cymene, and ascaridole
and 60 per cent acelic acid are found to be miscible with one another
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in all proportions, but cymene and 60 per cent acelic acid are only
partially miscible. 1If, therefore, to an oil conlaining cymene, as is the
case with American wormseed oil. 60 per cenl acelic acid is added,
ascaridole distributes itself belween the two liquid layers, and iwo
conjugate ternary solutions, each consisting of ascaridole, cymene and
acetic acid, are thereby produced. These lwo solutions are in equilibrium
with each other, and the composition of each will depend upon the con-
centration of the three components and the temperature of the mixture.
In the Nelson method, therefore, the cymene layer should always retain
some ascaridole, and the amount would depend upon the concentration
of the cymene in the oil. It is on this assumption thal the low results
obtained by the Nelson method are accounled for in oils B. C and J.

To verify the above assumption further. oil I, the purified middle
fraction from B, was used in a series of dilution experiments with highly
purified cymene, the principal constituent of the hydrocarbon fraction
of chenopodium oil. Oil E was completely soluble in 60 per cent acetic
acid and titrated 100 per cenl ascaridole by the Pagel melhod, when
the factor 1.284 was used. The purest cymene available for these
studies contained 10.95 per cent ascaridole by the Paget method and
7.00 per cent by the Nelson assay. This was redistilled until no ascaridole
was detected by either method. Nine samples of these Lwo oils were
prepared by weighing each component, the ascaridole being varied from
10 to 90 per cent at approximately 10 per cent intervals. The results
of this study are hsted in Table 5.

TasLe 5.

Ascaridole in samples adullerated with evmene.

SAMPLE ERROR— ERROR——
NO. AR MADE NELSON ASSAY NELSON ASSAY PAGET ANSAY PAGET ASSAY
per cenl per cenl per cenl per cent per cenl
1 9.8 G400 870 — 9 &5 0.10—
2 19 98 18,00 909 — 1999 0.05+4
3 29 44 24 00 18,60 — 2062 0.82+4
4 39.71 30.00 24 45— 39 .26 1.10—
5 49 K8 3800 23 90— H0 35 1.344
6 59.74 46 00 23 00— HH 22 0.87 —
7 69.78 55 00 19 .76 — 68 99 113+
8 79 .56 70 00 12.10— 7963 0.094
9 K9 .34 &S00 2.00— S8 41 1.05—

Consideration of the data in Table 5 shows the accuracy of the Paget
method in measuring the aclive constiluent in chenopodium oil. The
maximum error recorded is within 2 per cenl of the exact amount present.
The percentage deviation by the Nelson assay is recorded as 2-24 per
cent. Repeated determinalions gave the same values. The separation
in every determination was sharp, and the two layers were quite clear.
The points of maximum and minimum deviation are shown more clearly
in the graph.
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The graph shows the Nelson method to be a three component extrac-
tion phenomenon. The appearance of (wo minima in the curve expressing
the results is obvious, since 60 per cenl acetic acid dissolved completely
100 per cent ascaridole, and when there is no ascaridole at all none can
be lost; it follows that the error in the extraction must approach zero
for both very high and very low percentages of ascaridole. The location
of the maximum error and the slope of the error curve naturally depend
on the slope of the isotherum for the ternary system in question.

Frcure 1.
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SUMMARY.

An examination of the lilerature reveals that a number of qualitative
and quantitative methods have been proposed for the estimation of
ascaridole in oil of chenopodium.

Of the quantitative methods, the Nelson extlraction and the Paget
reduction methods have been studied. A third method. depending on
the color reaction between hydrochloric acid and ascaridole, has been
proposed by Knaffl-Lenz and Hofmann. Preliminary studies, not re-
ported, indicate that it warrants consideralion.

Studies confirming the factor proposed by Paget in the reduction
method reveal that the exact value of the factor is dependent upon the
conceniration and quantity of hydrochloric acid used in preparing the
titanous chloride solution.

The factor value obtained in these studies with highly purified ascari-
dole was 1.284, a value higher by 0.007 than thal proposed by the author
of the reduclion method.

When the Nelson extraction method and the Paget reduction assay
were compared, they gave identical values with two highly purified
samples of ascaridole.

When these methods were used on fourteen other oils of varying com-
position, two sets of dala were obtained. In the first, the Nelson method
gave higher results than the Pagel assay; in the second, the reverse
was recorded. The high results obtained in the first group by the exirac-
tion method is accounted for by the presence in the oil of ascaridole
glycol anhydride and ascaridole glycol. In the second group the low
results by this same method are accounted for by the presence of
p-cymene, the principal conslituent of the hydrocarbon fraction of
American wormseed oil. This is confirmed by a series of dilution studies
with highly purified ascaridole and cymene.

These studies show that the Pagel method is reliable under the con-
ditions outlined, and that the Nelson method is not reliable as an
indicator of the percentage of ascaridole contained in an oil. The
Paget method differentiates between the ascaridole and its glycol and
anhydride on the one hand, and is not influenced by the presence of
the hydrocarbons in chenopodium oil on the other. Very small samples
are required for its use, and it is accurate within the limits of experi-
mental error allowable for analylical methods.

RECOMMENDATIONS!.

It is recommended—

(1) That the titanium trichloride method be further studied collabo-
ratively. .

(2) That the Knafil-Lenz and lHofmann colorimetric method be
studied as a possible tentative assay.

1 For report of Subcommittee B and action of the association, see This Journai, 13, 66 (1030).



Method of Distillation

The methods employed 1in the distillation of chenopodium
ambrosiocides have been studied in detall by Schimmel and Company (19),
Konantgz (30), VWirth (7), Nelson (10) and Russell (31). It is the
opinion that the poor quallty of olls obtalned from Western plants
has been due to the faulty distillation methods.

Konantz (30) remarked that the oil obtained by Wirth
from herb grown in Mlchigan was undoubtedly low 1in ascarldole content
because of prolonged distillation with low steam pressure. Nelaon{lO)
found that the amount of decomposition products (as determined by
fractional distillation) in oils obtained from commercisl stills was
not more than 2.3% if high steam pressures were employed. He
recommehded high steam pressures, a warm condenser and a rapid
distillation.

Russell (30) obtained more oil from a rapid distillation
with a warm condenser than from a slow distlllatlon with a cold
condenser. In the former instance the oll was of a superior quality.
He found no difference in the quality or yleld of oil distilled from
herb at a pressure of from 80 to 100 pounds per square inch, but
low gravity olls were obtained at 40 to 60 pounds pressure.

As & result of these studles distillation methods have
been generallngtandardized throughout the production district of
Maryland, The commercial distiller employs steam pressure of
approximately 90 to 100 pounds and the average time of dlstillation
is from fifteen to thirty minutes. The cured herb 1is packed tightly



in iron retorts of from 200 to 400 pound capacity. Hinged iron
covers, balanced with counterweights are tightly clamped on the
retorts by means of wing bolts. Steam generated from a smsall
boliler 1s introduced near the bottom of the retorts and the vapors
condensed by condueting them through some thirty feet of iron pipe
Placed horizontally in a trough and cooled wilth running water. The
condensate 1s collected in various types of metal barrels of
approximately fifty gallon capacity. After the barrel is fairly
“well filled£ the 0oil separating out on top, a stopcock at the
bottum is opened and the water layer, in most instances, allowed to
run off at a rate approximately equal to the flow of the dlstillate
into the recelver.

Regardless of the mode of handling and the time of setting
of the distillaete, the water layer always conteins a quantity of
01l which if not recovered by the addition of salg,thereby
increasing the gravity of the aqueous fractlion and affecting a
further separation of the oil and water, an appreciable quantity

of veluable o0il 1s loste.

Recovery of 011l by Distillation

A survey of the wormseed district of Maryland revealed
that only a few distillers were making an effort to separate the
0il from the ermulsion that is drawn from the distillate reservoirs.
Three of the stills in the district, however, are equipped so that
8 recovery of the oll lost in the waste liquor may be affected.

In these stilis the aqueous layer 1s collected and returned by

means of a steam siphon to a retort and redistilled. An appreciable



amount of 01l 1s secured from the waste liquor as 1s shown by

a record taken on one of the stills equipped for redistillation

of the waste liquor. For this record 3690 pounds of the cured
herb was used. R,presentative samples of this herd by distillation
method assayed 1.08 percent ascaridole, giving a total of 39.84
pounds of ascaridole avallable for recovery. Distillation of the
herb gave 44 pounds of o0il that assayed 65 percent squivalent to

29 pounds of ascaridole. The waste liquor wes then ateam distilled
and an additional 7 pounds of o0ll were recovered assaying 86
percent ascaridole equivalent to 6 pounds of ascaridole or a total of
51 pounds of 01l recovered containing 35 pounds of ascaridols.
Analysis showed the herbd to contain 39.84 pounds of ascaridole,

36 pounds were recovered or the still by the double distillation
method was found to be 86.7 percent efficient. These findings

are given in Table ( ) below.

Table ( ) ™
Pounds of Herdb Distillation Pounds of Percent of Pounds of
01l Re- Ascaridole Ascaridols
coversd in 0il Recovered
3690 Distillation of 44 65.  28.60
herb ' ,
Di stillation of 7 85. 5095
liquor
Total 51 67,74 34,55
Pounds of Ascaridole in EHerb by Analysis 39.84

Efficlency of still 34,56 - 38.84 = 86.7%
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The sbove table shows that by dlstilling the waste liquor
the yield of o1l is increased from 44 to 51 pounds making
available 34,56 pounds of ascaridole recovered against 28,60
pounds obtained from a single distillation, or an increase in the
recovered ascaridole of 15 percent. The cost of the distillation
of the waste liquor is comparatively nothing after the initiel
equipment is 1installed, In one plant this was done at a cost not
exceeding ore hundred dollars.

A polint of Interest in the above table is the high percentage
of ascaridole in ths seven pounds of oll obtained by distilling
the waste liquor. As shown the first oil obtained assayed 65
percent of ascaridole and the aeéond 85 percent. The difference
in the ascarldole content of the two olls 1a due to the solubidity
of the sctive constituent in water over that of the hydrocarbon
fraction. Psuly ( ) has shown that the solubility of ascaridole
in water to be 3 grams per 100 cc.

In support of the above findings a number of stills in the
district were visited and samples of o0il and the discarded aqueous
layer were obtained for examination. The results in Table ( )

are expressed in terms of percent of ascaridole founrnd.,
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Table ( )

Porcent of Ascaridole in Oils obtained from first
and second distillation

Year St41l 011 from 1lst Vater layer 011 from
distillatlon from lst second
distillation distiliation
lo28 A 65.0 «30 86.0
1931 A - - 96.0
1930 B 81.0 «51 997
131 C - - 98.0
1931 C - - 06.2
1929 D 770 «26 -
i92¢ B 7840 « 36 -
1929 F 64.0 « 30 -

Stilis A, B and C of the ahove table are equlpped for
distillation of the waste liguor, or water fraction after the
01l from the initial distillation of the herb had been removed.
It 1s significant to note the high quality of oil obtained. MNunch
and Reindollar ( ) have romarked upon the hizh quality of certain
oills obtained from the Maryland district; and Pauly ( } found that
practically pure ascaridole wes obtained by redistillation of waste
liquors from the distilletion of the herb.

stilis D, E and F of the above table were not equipped for
redistillation. Examination of the waste liquor shows an average
loss of +3 pounds of ascaridole for each 100 pounds of waste liquor

not redistilied. This emphasiges the value of redlstillation to



- 8 =

obtalin not only a high guality oil but an increase in the total

01l recovered by fifteen percent.



Te=ts_on_the <fficliency of Stills.

tany investigators have studlied ths nrocess of steanm dlstilla-
tion In an effort to improve ths guality zand yleld of the oll ob-
tained. As ¢ result of thege studles together with the obssrvatlons
of the commercial distillers the process of diastlillation Lo Talrly
uniforn through out ths producing district. Steam prezsureg of froa
ninety do & hundred pounds per sgjuare inclhl are used and the conden -

are
gsors xept falrly war:m.

There ig, however, a losg of 011 in the discardel waste wva ter
from the recelving barrels , & fact recognized by gseveral of the
distillers In the district. As prev lougly mentionedffi few stills
a recovery of some 01l 1¢ made by redigtillation of thls waste liguor.

An investige tion wag nmade to determine the smount of ascaridole lost
in the waste water of several commercizl stills and to find the
efficlency of cne of the more advanced types of stills

Composite samples of waaste liguor s from five atills in Carroll

County were analyzed for ascaridole. Two of the stillse(iA and R) were
ejquipred for rediztillation and samples of the waste water after the

second distillaticn were alzo agsayed. The data z2ppears in table ( )

——— e e —_— —_— e e . —

amnount of agcaridole (%) in

S2til1l Veste from 1st. digtillation Tater from 2nd. distillation
A 0.34 0.26
B .51 .31
C .26 -=
D .36 --
= .30 --
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3 8 dlacarded a2fter the firast

e
e

nce conslderadtle volums of water

8
(2]

I

d1lstillation thsse data show thet there 1s zn appreciable loszs of
szcarldole in the waste llguor. The rather hich values for the zmount B8F
s3caridcle 1In the final waste Tor stil s A and B do not repregent such

o2 great loss since the volume of dilzcardes liguor in this instance is

much smsller than thmt froa the originel distillation.

sost of these values approximate the zolubility of =2sgceridole in =

Wwater ag detsrmined by Paule; and this fact suggests thot 1ittle

[

orovement can be mede in the method of separatlion. The cldvantage 6
redistillsation 13 shown more clsarly in thz following experiment in
whilch a Known welcht of cured nlent material wasz steain distilled ,
the 01l separated znd znalyzed Tor wscoridole. The waste liguor was
also anslyzed then recdistilled. The o1l recovered by redigtillatlion

hguov ,
and the final wasteAwas 1lkzewvlse agaayed. illaving determined the welzht

-
of the sepzrated oll and the wazte water in each instance, the 2mount of
gcaridole present was computed.in terums of pounds. The date anpears

n table ( ).

Anount of zscsridole (lbe. ) in
Amount of

herb (lbsg.) Disgtillation Separated 011 __Jeter leyer
3620 firat 29 15
——— aecon 6 >

'rom ths data in the above tnble tne actucl zmount of zacpridoke

1 D

available Iin the herd can be determnined by two methods. By the Tirst, the
amount of azazscaridole In the geparatec oil after the first diztill-tion
29 1bs.) plus the amount found in th: water layer(lt 1lbs.) would be

sual to 4 poundsg , rerresentinf the totzl amount of agscaridole availble

)

n the plants. B; “the second methodthe total amount of escoridole 5

ecovered Dy both diatillations (35 1bs. ) »lus the amount in the waste

ftsr the second distillotiorn (5) pouals vould De =quel to 40 pounds.



The most likely errorin the first method waz in the deternination of

the welght of the wecste liguor which waa calculated from an egtimated
) » I"/u‘.‘:. second mothyel
volume . aAn anpreciable error, Was likely due to deterloztion of iz as -

(VR )

aridole during redistilletion .

1,

The efficlency wms calculateld on the basias

9]

I the averaoze of the
above t.c values for the amount of sscsridole preseht (WEPI%EJbéf and

the amount actually recovered(?5 lbs.) ond wogo e

~

of th: single distillation »nrocezs based on the average value for the

LA

ascaridole pres=nt and th.e zmount recovered from th: 7lrst diztillation

3

(29 1bsg.) wesz 595.

5
3
&

additlonal cheeck of the efficisncy of the still wa made

d

f
ing 2 rerreasentative samsls of the herb used in the above

g
ol
r_b
uz
l_)o
-
’_1

o d
& X-

perinment in & anmsll leboratory still ond analyzing the dictillate Tor

howed the plant to contsin 1.08% ascaridole,

which multizslied by the welght of the herb used In the large still

(26C0,1bs. ) would indicate that 40 pounds of =2scaridole were avalleble

in the hert. The efficilency of the still was then found to be 37%.
Bealdes the economy effected b7 the redlstillatlion process

&3 snown by the oobove experiments, the fact that 2 superior guality

g

>f oll is obtain=d adde to its value. This was noted by lunch and
ieindollar in 1931 and by ths present authors at sbout the same tlime.
[hree zamplesz of redistilled oil collected in 1930 and 1931 from dif-

"erent 3tills(respectively ., assaye &y95 0%, 99.7% and 93%. azcaridole.

[he sicnificance of this phage of the redlstillation process will be

ilgcugsed later.

qual to 83%. The efficlency



The O}l Zxtraction Process

Steam dilsztillation has always been employed as the method of
xtrzction of oil from the plants. The original "pot™ 3t111 consisted
f an 1lron kettle zet over a firebox. The top was fltted with a soap stone
ver with & hole in the center over which a soap ztone cap was placed. !
e cap was connected to a horlzontal condenser consisting of a zerles of
on pipes forming a coil.

The herb was placed in the pot together with water and steam -~
rated by heatling the pot extracted the oll from the plants. The vapors
3 condensed 1In the coll which was cooled by runnihng water and the
gtillate collected in champagne bottles. VWhen the bottles were filled
e contsnts were poured into barrels and the oll skimmed from the top

¢ capacity of these stills was about three pounds of oil per cay fron

1

ch pot.
This type of stlll hez been entirely di?placed bythe modern &
arm st1ll introduced by the Kles Dbrothers offﬁééf Westminlster in 1908
2rb 1s tightly packed 1in iron retorts of from two to four hundred
ndgs capaclty. Hinged iron covers balanced by counter welights are clamped
urely by meana of wing bolts and stean generated by a vertical steanm
ler is introduced near the Lottem of the retort. The vapors are
ducted *hrough scue thirty feet of iron »nipez placed horizontally in

rough and cooled wlth running water.

The condensed vapors zre collected from the end%éf the conden@®oj
ez in varlious types of metal contaliners. Ln most of thege receivers th:
uld firat gtrikes ¢ metal shelf which prevents agltation of the separa7eot
L layer. "hen the container, which 13 usually of fifty gallon capaclty,

nearly filled, =« faucet =2t tie bottem 1= onened and the water layer



permitted to run off a2t a rate approximately egual to the flow of
distillate into the receiver. At leagt threce of the stills in the
district ,however, are so eguipped that a recovery of the oil present

in the waste liguor 1s effected. In these 8tills the water layer 1s cells
collected in & sunken rezevolr and returned to a retort by means of |

& steam siphony for redistillation. An appreciable amount of oll is
recovered fromn this waste liguor as will be ghown later.

Disgtillation is complete when the digtillate from the ends of the
condensor plpes 1s practically frese of oll drops. The time of distilla—
tlon varles from fifteen to thirty minutes accordine to the juzlity of
the herb, tisghtness of_packing'and steam pressures employed. The oil
le drawn off from the receiveéxéﬁgwéllowed to stand in a smaller
container for some tixze thus perumitting more wetsr to separsate and
finally poured intc tin cans for shipment.

The waste herb 13 removed from the retorts by chain slings
and placed in stacks for future removel.

There are today about thirty stills of this type in operation
in Carroll Ceocunty. <sroducers wno do not own & =ztill pay from thirty -
five to fifty cents per pound of o©il obtained to have thelr herb

distilled.



