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Ih® oil extracted from Chenopodlum plants Imosn 
®,m Oleum Chcnopodii or more eoesaonly as feorioim Worasced 
Oil has b a m  used extensively as a vermifuge far mere than 
a hundred years* According to Pamly,^ who has aads a most 
Intensive survey of the literature, the American Indiana 
were acquainted with the ant&els&nfele properties of the 
plant* using its julees as a vemifuge* Early cottiers 
in this country seen became fatal liar with the drug and its 
uses*

By 1820 the oil had acquired sufficient Importance 
as to bo adopted by the tf* S# Pharmacopeia* and it has been
Hated as an offloial drug sines that time*

Fauly^ found evidence of iTaportatlon of the oil 
Into Germany from Baltimore as early as 1823# However* it® 
us© abroad must have declined since it was reintroduced into 
Germany in 1881#

Expanding mao of the drug in tails 00untry was 
Interrupted by the Introduction of Inferior grades of oils 
to the market* Hany early writers believed that these 
undesirable oils wore the products of Western farmers who



t@fa attempting a cultivation of wormseed plants* These 
Western oils fall into di srspate with the medical profession 
and this may have affected the entire indue try#

itoeordlng to Hall and Viigder**, ehsnopodlttr& oil wmm 
Introduced Int© veterinary suedieine by the French in 1890f 
although there was undoubtedly some need previous to that 
tte#*

Bruening, in 1909* fne.de the first recorded 
phartmoologioal study of the oil on Ase&rits It&ibricaddea*
He found the oil to bo quite effective in killing the worn* 
the main. constituent of the oil was found to give analogous 
results and wts called asoarldole* Many other invcstigabors 
studied the pharasoology of the oil in succeeding years# It 
was generally accepted that ascartdole is the active principle 
of the oil, although bJiis was questioned by Hall and Hamilton^ 
However, the work of Siailll® and Fesaoa4 s # «  to have 
definitely proved that asoarldole is the essential constituent

Ueanablle the an the tola tie .properties of the oil 
were totted on other worn info stations* The Rockefeller 
Sanitary Commission and the International Health Board united 
In 1915 in an active campaign against hookwem Infestations* 
Among the vany remedies that MeI been used, thymol was pm** 
far red until 1917* The supply of thymol if as affected, by the 
World War and in an Intensive search for a substitute, 
ehenopodium oil was tested in hospitals and field studies#
The remilts obtained from these tests con due ted In the Orient 
and also in Brasil indicated that ohenopodlim oil was slightly



store efficient than thymol, cheaper and easier to administer* 
According to Jishferd 13,000 cases wore- treated in the Orient 
and 73$ wore cured in two administrations*

’Bio sano author records that although carbon tetra­
chloride , introduced by Hall in 1901 , Is Increasing in use 
for hookworm treatments, it is found to bo most felicitous 
when tulbted with chenctpodiuni oil* Bio us# of imlogonated 
hydrocarbons has also displaced It to amm extent in 
veterinary medicine, yet it remains as- a most valuable 
weapon to combat certain parasites common to animal*

A member of the Rockefeller Inst I tut# remarked to 
Pauly^ that chenepodlum oil will never reach Its i m i m  
use until a standard oil, or preferably pur# aaoaridole, is 
produced on a commercial scale*



Tte necessity of finding on accurate and convenient
method for the determination of asearl&ol# In OJmnojHjcilm
oils 1ms boon recognised by plmrmaoologlats for years*
Medical literature contains numerous references to cases
of pel ©Oiilng produced by administration of the drug and
in moat Instance a It is thought that overdoaages was the
cam©#* Sines asoarldole la known to bo the essential
constituent oil and since it 5m subject to deterioration,
tli# exaot quantity present should be 2m o m  before

Badministration» In 19&? the League of Mutton# considered 
the problem to be of sufficient Import unco as to riiquest 
two German chemists to make a careful study of seme of 
the suggested assay methods*

Possibly tit© first quantitative method was that 
suggested by Wirtb? In 1020. A solution of 50$ potassium 
hydroxide In 50$ aldehyde free aloohol was used as reagents 
for a colorimetric assay* Longer® in 1001 proposed another 
colorimetric method using phenolphthololru An assay l>ms©& 
upon the specific gravity or optical rotation of the oil 
was a jested by Parry® at about the n m m  time* It was 
assumed that no change occurs when asoarldole is mixed 
with the hydrocarbon fraction* llelaon^® remarloed that



any method based upon physical constants, is unreliable, 
since asoarldole Is subject to deterioration upon standing 
mid the physical constants arc not changed* *ltmch and 
HetndolX&r^ have recently published results Showing good 
agreement between specific gravity and aseartdoXs content 
of oils*

*£he II* S* Pharmacopoeia adopted as official a 
method devised by Kelson^ which. takes advantage of the 
solubility of asoarldole in 60$ acetic acid, the hydro- 
carbon fraction being insoluble* Paget*** pointed out 
that this method Is unreliable since asoarldole is readily 
converted by ©team into its glycol and glycol anhydride* 
both of which are soluble in the ace tic acid solution, oa 
is asearidols* and that they would be determined as such*
•Use present author further showed that in the mixture a 
parti tion effect occurs sirs.ee the aooarldole is soluble 
both in the acetic acid and In the hydrocarbon fraction*

Pagefc3̂  Introduced a titration method using dilute 
TlCl«j solutions me a reducing agent and by use of an 
empirical factor he was able zo obtain wproduclbl© results 
This r-aethod will be discussed later in more detail*

Khaffl-iiens and noXliann?* at the request of the 
League of nations* studied the Paget method and found that 
the empirical factor employed was affected by the coneentra 
tion of I3C1 used In the £10X3 solutions* She sc results.



wer© eonflraed ’by a previous a t udy* 9 e©ndiiotocl in the 
local laboratory, in which it was pointed out that
the variations are alight unless an enormous excess 
or TGI Is added.14

4 thorough study of biological aaaay methods 
made by 3foxffl~Lens and lloftmmfi on alee, w « s  and fish 
convinced thorn that such method® could not he used*

IEHunch and Kolndollar wore likewise unable to obtain 
satisfactory result® from biological assay methods*

and Hofmaim^ then proposed a 
colorimetric assay based upon the red color produced 
by the action of concentrated HOI on alcoholic solutions 
of asoarldole* Thi® method will bo ell sous sod later*

4 now icdimetric method was offered by Cocking 
and llfsmm^p 161 ioh will also be described in come detail* 

At the time the present study was under taken th© 
Fagot method was thought to be the most accurate and 
useful one* Details of the method arcs 10 ec* of an 
approximately 1$ solution of chenopodlum oil in 98$ 
ethyl alcohol is introduced Into a flask and about DO co* 
of 0.02 II TIClg solution {prepared according to Khceht 
and Hibbard) is added while keeping the contents of the 
flask In an atmosphere of carbon dioxide* £he flask is 
then stoppered with a Bunsen valve and heated two minute® 
to boiling and the contents titrated back in a carbon 
dioxide atm©sphere with ferric alma using 1 00* of 8$



potassium tMoeyanate as an Indicator. Fagot found that 
1 gram of asoarldole would reduce 1 «®T7 grams of titanium
trichloride*

TMa method was thoroughly tested on oils prepared 
by ad̂ alxturo of weighed amounts of asearidele and oysaeae
and satisfactory results wore obtained* 'fhe nosuits wore 
submit tod In a report made to the Association of Official 
agricultural Chemists to 1950^* Further confirmation of 
tli© applicability and mo curacy of the method was requested 
and the following experiments wore mode* Some of the 
results of these latter experiments war© included In a 
final report mads to the A* 0* A* 0* to 1931^, at isfoieh 
tins the method was adopted as an official assay*

A Study of the Pafsst Assay
Effect of Adulterants

In order to test the reliability of the Fagot assay 
on adulterated oils the following solutions were prepared: 
Samples 1 and 2 wars made by mixing a commercial oil with 
carbon tetrachloride* f£he commercial oil contained 90:1 
ascarldolo a© determined by both the Fagot and aolaon 
methods* Sample 3 was a solution of the stock oil and 
cinool and 4 was composed of stock oil and. 9t$S ethyl 
.alcohol* A comparison was made of results obtained by



both tto faciat and Kelson assays* Tim results ar® listed
to T&bl® 1*

TABLR 1*
Ascartdol# found by Kelson and Paget

Assays

Percent of Ascwidol#Sample Shmptl# aaapl®Assay U Ho* 1 ( ho* 2 ITo* 3 7 ̂'jr.■1 litT̂n it̂Ti.1 Iff
Hclscn 43*0 05.0 00. 8 91*0
Papist £'"1 44*9 00.7 60*© 62*5•ill 44*4 60*1 59.0 02.9

‘H I 44*3 68*3 60.0 65.1
Paget Av* 44*5 07*0 60.4 62*0As imd# 45*0 67*5 60*0 05.0

Xa the determinations of simples X and 2 by fell® 
Kelson as say j which method oonalsts of shaking 10 oe# of 
oil with 60$ noetic acid in a 110 oo* cassia flask with 
the nook holding 10 oe* graduated in tenths and reading 
the volume of the undissolved (non asoarldole ?)fraction 
after standing, it was necessary to invert the flask in 
order to read the volumes of undissolved oil* llio carbon 
tetrac^dlorldc mixture has a gravity groafcor than that of 
t.ho acetic acid solution*

It is obvious that the lie Ison assay falls to din-* 
criminate bo two on ascarldolo and other adulterants soluble 
in the acetic add solution* &ehtoml and Company have 
frequently found etaeol prosent in Chenopodlum oils and a 
Maryland buyer has personally reported the presence of as



much a® 10b alcohol In oils handled*

The Effect of Concentration of* TlGly,
Paget had found that the empirical factor proposed 

for this assay was influenced toy the concentration of 
titanium trichloride solutions used for titration* More 
as car id ole was reduced toy using 0*1 !l than toy the specified 
0*02 ll solutions# the difference amounting to 10b for 
pure asoarldole* Since the concentration of commercial 
tltanous chloride solutions used fox- preparation of the 
standard reagent 1© variable (in two instances materials 
purcbaeed as Xbp TICX^ solutions were found to contain 
more than 30$) and since the standard solution may charge 
on long standing, it was desirable to ascertain if the 
assays would be appreciably affected by variations of 
concentration* The results in Table II were obtained 
by titrating samples of pur© asccrldole which had been 
redistilled five times, and having the following physical 
constants? boiling point 35°C at 8 mm*, optical rotation 
£ -2°, refractive index * 1*4745 and specific gravity 
1*0029 at 20°/£0°€.

The excess of TiOl^ present in individual titratlone 
was kept approximately constant# the maxim m  deviation 
being 2*5 milligrams per 10 milligrams of asoarldole present 
in. the aliquots#
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Effect of Concentration of TiClg on the Determination of Asoarldole

Number of Normality1 Percent of Percent ofDetermine~ of A searidole Asoarldoletion*  TIG Ik _____ determined present
Average Of 3 0*032 99.2 100*0
Average of 9 0.010 100*3 100*0
Average of 7 0.009 99*6 100.0

These mines indicate that with these limits the 
concentration of the TIGlgj used has little effect on the 
assay of asoarldole, the fnaximusa deviation amounting to 
less than l5̂.

The Effect of an Excess of TICla
It was thought tliat the excess of TlClg solution 

used in titration might have an influence on the results 
obtained by this assay. Accordingly a series of alcoholic 
solutions containing varying amounts of ascaridole were 
prepared* The same volume of TiOXs solution, was added to 
10 cc* aliquots of each sample and the assays completed 
in the usual manner, hater two other alcoholic solutions 
containing approximately 1 gram and 0.1 gram of ascaridole 
per 100 cc. .-/ere titrated using different volumes of the 
titanium solution in each instance. The data listed in 
Table III are those obtained from the 10 cc. aliquots 
used.

*Error 
-.8 
♦ .3
m 4r
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TABLE III
The Effect of an Excess of Tici* on the Pe terminationof Asearidole

 -------- -------- “ — — ------ -— ™tSB7or"”-- tMSTST--------
OmBmQt ascarl- ascar1-Sample Momalitj oc.of TiCl^ In dole defc- dole %

Ko* of TtdX.5 TiCl^ excess ©mined present error
1 0.0370 40.0 0.1662 0.0104 0*0X08 —3 *72 if t? *1533 *0208 .0205 ♦1*55 a n .1387 *0313 .0322 -1.24 n u • 1241 .0435 .0422 ♦3.15 ir it *1073 .0566 .0558 ♦1.46 ?! it .0818 .0640 *0637 ♦0.57 IS n .0708 .0736 .0751 -2.08 Tt t! .0657 *0725 .0798 -0.99 n n *0474 .0900 *0945 -0.510 0*0410 20 .0343 .0978 .0981 -0.511 ?t 30 .1110 .1005 .0981 ♦2.412 ?? 40 .1840 .1060 .0981 ♦8.113 0*0410 10 .0661 .0109 .0110 -0*914 « 20 .1467 .0105 .0110 —4 .5

The data in the above table Indicates that the errors 
are not appreciable unless a very large excess of titanium 
trichloride is added to the alcoholic solution of oil* The 
errors produced by a large excess of TiCl^ added to a small
amount of asoarldole (moss* 1 and 14) are not so large as 
those produced by addition of approximately the same excess 
to more concentrated asoarldole solutions (tempi© Ho* 12).

The Influence of the solvent

Paget suggested the use of 95^ ethyl alcohol as a 
solvent for this assay since both the oil and the standard 
titanium solution ere soluble in it* He showed that



approximate results could be obtained if no solvent was 
used, the error amounting to about 8$ for piire asoarldole*

Since ethyl alcohol .sad been suggested. as a 
suitable solvent for extraction of dhe nopod iuns oil from the 
herb it was necessary to determine if it would affect the 
results appreciably* Varying amounts of 95$ alcohol were 
added to the same volume of a titanium trichloride solution 
and the solutions heated for two minutes to boiling and 
titrated back with ferric alum as usual* The number of 
grams of TIGI3 * oxidised*1 by the alcohol In each instance 
is presented in the table below.

Volume of 95$ Total amount of Amount of TICI3ethyl alcohol TiGl^ removed removed per cc*
Ice) (grams} ________ of alcohol. (m s  * )

wri— n— 1 11 •• -i min r » -irn rr i m m T n — ' n m - n - t  i r - ‘ r r r i  T -—fiti-1 n r i n i»n i n i - v r  r 'M T -. 'ii

10 .0016 .0002
20 .0054 .0002
40 .0069 .0002
100 *0307 .0003

The effect of the alcohol upon the results obtained 
by the usual assay of oils is very email since slightly less 
tban 10 cc. of alcohol Is present in the specified 10 cc* 
aliquots of a 1% solution of oil. This effect may be 
eliminated by the use of blank determinations* In titration 
of large volumes of alcoholic solutions containing small 
amounts of asoarldole this correction for the influence of 
the solvent must be made#
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The Determinat Ion of r̂iall Amount a of ^scapidoXe 
to Aqueous .Solutions

In succeeding studies It was desirable to extract 
chenopodlum oils from the plant by steam distillation*
The limited capacity of the still used, and the 
resulting small ©mounts of oil in the distillate would 
not permit a successful separation of the oil for analysis 
in most Instances {It was necessary to determine if the 
small ©mounts of asoarldole on the aqueous distillates 
could be accurately assayed*)

A sample of pure asoarldole weighing 1*237 grams 
was made up to volume with distilled water In a 100 cc* 
volumetric flask. After violent shaking 10 cc. aliquots 
were quickly withdrawn with a pipette, the pipette allowed 
to drain into the titrating flask, rinsed with 10 cc. of 
955̂  ethyl alcohol and the contents of the flask titrated 
a© usual. The amount of asoarldole ife urid to be present 
In the 10 cc* aliquots was 0*1250 and 0*1248 gram® 
respectively or showing an average error of ♦ 1*07%.

Another sample containing 11.004 grams of asoarldole 
In a liter of aqueous solution was prepared and, after 
shaking, a 10 cc. aliquot was weighed in a 100 cc. 
volumetric flask, made up to volume with 95$ ethyl alcohol 
and 10 cc. aliquot® of this alcoholic solution titrated
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as usual, The amount of asoarldole found in two aliquots
was 0*0108 and 0*0111 grams respectively, representing an 
average error of 1*35$.

Apparently the method is applicable to the 
determination of small amounts of asoarldole present in 
water mixtures. The solubility of asoarldole was exceeded 
In both instances yet the method of obtaining samples of 
the oil-wat©r mixture did not introduce appreciable errors*

A Study of the Knaffl«»h©n& Hoftoami Assay

As has been mentioned previously, Knaffl-bens 
and Hofmann^ proposedt in 1929, m new colorimetric method 
for the determination of asoarldole* In this assay 1 cc. 
of concentrated hydrochloric acid is added to a 1$ solution 
os oil In alcohol and the mixture allowed to stand for at 
least six hours* The samples are then compared in a 
colorimeter with a standard solution of 100$ asoarldole 
treated In the same manner*

Determinations were made upon seven oils using 
this assay method* Oils 5, 8, and 7 were samples of 
commercial "worm seed*1 oils whose a scar idol© content had 
been frequently checked by the Paget method* Oils 1, 2,
3 and 4 were samples of adulterated oils that were used In



the provions study of the Paget method. Three 
distinct assay© were made upon each oil, the time 
of reaction being 8, 12 and 24 hours. It was found 
necessary to dilute each mixture with 5 cc. of alcohol 
in order to obtain a sufficient volume for use in a 
Bubosqu© colorimeter. Comparison© were made with a pur© 
sample of asoarldole as a standard, treated In the same 
way as the samples. The results obtained are presented 
in Table IV together with the value© found by using the 
Paget assay*

TABLE I?

Time Per dent Asoarldole Found in Samples Method (hr©.) 1 2 3 4 6 6 ?
Colorimeter 8 54.0 62.0 57.4 81.0 67.8 73.5 68.2

it 12 45.5 67.? 56.7 61.0 68.6 56.0 62.7
M 24 44.5 65.7 60.4 55.8 68.6 59.2 63.6

Paget (Av.of 5} mm 44.5 67.0 60.2 62.8 74.3 60.0 65.4

The .results obtained by this assay show some 
variation in. the percentage of asoarldole found. Accurate 
readings were difficult to obtain due to the fact that dark 
Insoluble oil droplets wore present in every mixture after 
standing the prescribed time*

The presence of carbon tetrachloride In samples
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numbers 1 and 2 and clneol in number 5 did not influence 
the results obtained* The author® found that turpenol
alone, of a number of adulateranta tested, gave a slight 
added color to the solutions*

While this method has possibilities it was not 
suitable for use in the type of Investigations to be 
discussed later and was given no further study* There 
is a possibility that acetic acid would be a better reagent 
than hydrochloric acid since it has been observed that a 
red color is produced by asoarldole upon long standing in 
60% acetic acid solutions*

A  Study of the Cocking Hyman Assay

Although Knaffl-Lenz arid Hofmann and also Bodendorff
had independently decided that an iod ©metric method for
the determination of asearidole was not practical, Cocking
and Hymas, in 1930 proposed the following assays 3 cc# of
potassturn iodide solution {83% K) in a stoppered tube of

¥
60 ce* capacity, be mixed with 5 cc# of concentrated 
hydrochloric acid (51.8%) and 10 cc# of glacial acetic 
acid and immediately cooled to -3°G*(limit of 0° - 3°)*
After cooling, 5 cc of an approximat e ly 5% solution of 
oil in 90%. acetic acid is added, to.© tube stoppered and 
allowed to stand for 6 minutes# The time of standing may
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be extended to 10 minutes provided the temperature
doe© not exceed 10°C • 'Hie contents or the tube are 
then titrated with tl/XO thloculfate* A blank is carried 
out under identical conditions except that the final 
solution 1b diluted with 10 cc# of water before titrating* 
An empirical factor was used, the relation being such 
that 1 cc* of 8/10 thlosulfate is equivalent to 0*00665 
grams of asoarldole*

Beterraimtions by this method were made upon the 
seven oils used for the colorimetric assay, and in 
addition, oil number 8, a sample of pure asoarldole 

Preliminary tests using pure asearidole gave 
consistently low results* Variation of the amount of 
hydrochloric acid present and the time end temperature 
of the reaction showed no effect* The amount of 
as car idol© present in the reaction mixture was changed 
by reducing the sis© of the aliquot® and higher result® 
were obtained* The result® of these assays are shown 
in Table V#

TABLE V
Variation of docking Hymas Assay with Sis© of

Aliquot

VoiiSe^of
Aliquot
(cc*)

Amount‘“of Wcarldoie found

5 cc* (as prescribed) 89.493.7
96.8 
101.4

3 cc 
2 CC 
1 CC
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aince most of the oils analysed contained less 
than 15% asoarldole, two assays were run on each sample 
using 5 cc* and 3 cc* aliquots, respectively# These 
results appear in Table VI, together with values 
obtained by the faget assay*

TABUS VI
Comparison of the Cocking h Kyxaas Assay kith 

the Faget Assay

V ol * of Aso&rldole found in humpies
Sample (per cent)Method______cc. 1 2 3 4 5 6 7 8

< m a p w r»ni»»uwi*# mfr iii»ifiir tiwwMBiiil^Miî MiiwiiiWMwWIMiiiiWPMiriiiiiitiMWWWWiWWWrilWiii'iiTg'TitrT crrM Tm^wirtTiir^Tityn-Trrn^ijnnttitviiTr "*—f rn '-ritnrr i - —ir n r T if  in i-ir r r i • .n nnTinnr tirw-mtnt i v n r . .rTnT^.nw>riTT*r mw i mrrr—inw n tw i

lodometrio S 45.0 62.6 65.6 59.1 72.4 56.6 61.7 89.4
* 3 44.6 67 *9 57.4 56.8 73.6 66.3 68.0 93.7Feget - 44.6 67.0 60.2 62.8 74.3 69.8 65.4 100.0

The results obtained from the lodometrlc assay were 
not in good agreement with those from the Faget method. If 
a higher factor Is employed, as might be Indicated from the 
results obtained on pure asoarldole, the analyses of the 
normal oils would be Invalidated. Although a criticIsm of 
the method is not warranted from these few analyses, it may 
be concluded quite definitely that the assay has no 
advantage over that proposed by Paget. In the former method, 
the empirical factor used may be Influenced in several way®. 
According to the authors there Is evidence that three 
reactions may occur in sequence. There Is likely a normal 
peroxide liberation of iodine from the acidified potassium 
iodide solution, followed by another unexplainable liberation
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of iodine and then re-absorption of iodin© after its 
liberation* The Paget factor seems to be affected 
only by a marked change in the concentration of 
hydrochloric acid of the titanium trichloride solution 
and by a large excess of the reagent*

The Be termination of Aaearidolo by apocfflo fla

Parry^ outlined a method for the estimation of 
asoarldole in ehenopodium oils based upon the assumption 
that the pacific gravity of asoarldole and on average 
value for the gravity of th© low boiling hydrooarlxm 
fraction are additive* 'Using 1*005 (2S/25°C*) a© the 
value for the specific gravity of asoarldole and 0*0466 
(2S/25°C *) as the mean value for that of the hydrocarbon 
fraction^ the per ©ent of asoarldole in am oil would be 
equal to3

gravity of oil

Apparently little us© ham been r-mde of tills 
proposed assay other than as a means of comparison with 
■the results obtained by other methods. Paget^ noted 
that the method would fee of no value in the dcton-sinatlcm
of Mcaridole in oils adulterated with liquids of high

1®density* Hal son pointed out tl-mt the results would bo 
influenced by variations in the composition of the
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hydrocarbon fracfcion and also by the presence of high 
boiling decomposition products*

Heee&tly* Mtmeh and Hein&oller^ nede a study of 
the relationship between th® physical constants and 
aecaridolo content of ehmopodim oils# They found good 
a g r e m m t  between the percentages of asoarldole as 
calculated from the specific gravity and that detomined 
fey some other unstated method# Inference to provlona 
articles fey the authors would indicate that the method 
ua@d was the %laen assay#

Although the rather obvious discrepancies of any 
method feaeed upon physical constants had been noted It 
m s  thought advisable to investigate the assay* in some 
detail*

The specific gravities of a number of oils used 
in the study of Fagot1 s method had been dctei-mitied mil 
these values* and the percentages of aaesrldole calculated 
from them* were tabulated together with the corresponding
v̂alttss from the Fagot assay# ?fcef are listed in ^s-

(_ ) „ * table^under the eaption "Original analyses9* 3ince most
of these determinations had been made as m  years previous
to the tine of tabulation, It was thought advisable to
redetermine the specific gravities end asoaridde content
of these oils which had t̂ ecn preserved# These values
ere tabulated in Table W x  under the hsadiaf "Final
Analyses* «
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T!w data presented in tobl# ’FfX for original 
analyses of oil© numbers 1 to 15 inclusive, in m a t  
Instance* show good agreement bo two an too values for 
too aaowldolo content as calculated from too specific 
gravity and those determined by too Fagots assay* too 
greatest deviation occurs in too values for oil number 
10 which imd evidently suffered some decenipoaition during 
a toast distillation* It will bo noted* however, that 
theae de torminatiosns had boon m d e  upon recently 
distilled oils* nusabor 14 being too one escoeption* too 
mjorlty of too older oils had snioh hlgjher gravities 
than would be Indicated by tholr ancarldole content, as 
shorn by too data for oils timbers 15 to 18 inclusive*

A much .greater divergence in the results Is 
displayed by to# data presented under toe heading 
n Final Analysis", for do terra! nations ?mdo after too 
original oils had been allowed to stand for periods of 
from otic and a half to four and a half years* In s®@ 
Instances the specific gravities exceed that of pure 
aaoaridoX# and consequently the calculated percentage* 
of asearldole are acre than 100

It m y  be concluded from these results tout an 
estimation of asoaridole based upon the opoeifie gravity 
of to# oil is applicable only to freshly distilled oils,
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■which aa¥# not Immi decomposed during the distillation 
process* 3uok a dee oviposit ion would not b© do too table 
by use of the !?©Xs<m assay, si nos the products formed 
hj rearrimsemtmt arc soluble in QQ& acetic sold and this 
may explain the good agyeement found by Hunch and 
Heindollar between the oaonrldol© content and tho specifio 
gravity of ohenopodiun oils*

Tm te3mS.uatlon of Oils

The fact that tho specific gravities of chcmopodium 
oils are increased with ago apparently has boon noted by 
but one investigator* Garriguee*0 observed such an increase 
in an oil which* judging from his data, m e  very deficient 
to a soar idols* Sehimmel and. Company**0 reported a dcoroaao 
in tho density of old oils* UoXsoss*^0 found no iigdfieanl 
differences in the amount of ascoridolo oaloulatod from 
tho specific gravities of one year old oils and that 
determined by fractional distillation* Since the recults 
obtained by the previous experiments are in marked 
contradiction to those reported by other investigatora, a 
further study was made of this apparent decompoal tlon* fhe 
fact that tli© ascart&ol© content of jmmy  of the oils had 
decreased npmi stands.ng suggested that asearl&olo itself 
had suffered some change* Scliimr-xel and Company®® had 
reported that assartdole rearranges upon lie at tog it to
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150°G* On the basis of a study of the glycols 
formed by hydration of this rearr&ngesaent product, 
Nelson21 proposed the structure represented by II 
as being that of the anhydride formed by heating 
ascaridolo (I)*

h2c

h2c.

CHj

■s0

01
c

CH

,CH

ch,
I

/ ^ \  HZC O— cH

CH:

K2C

HaC, .CH h4c
\.

H

HC (CĤ j
I

rtC-(CH3)2
HI

He suggested that this so-called glycol anhydride 
would likely be an unstable dioxide and tiiat It night 
rearrange to form a more stable compound (III).

onThomas and Dobke^ , in heating tho conversion 
product of tlila rearrangement with ansmonia under pressure, 
obtained an examine compound instead of a dioxydi amino 
compound, which would indicate that the structure of the 
glycol anhydrl&e would be (III) rather than II.

Recently Richter and Frosting^® have expressed 
aoroe doubt as to the structxirc of the anhydride ,p3r©P®sed 
by lei eon. They are not convinced that a homogenous 
product is obtained when asoarldole Is heated, although
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no separation has been made by distillation, They 
report tho density of the product to be 1.0239 at 
1S/4°C * t which corresponds to that found by other 
inw stigafcarm«

K@gardlc.as of the homogeneity of the product 
obtained, it is certain that its specific gravity 1® 
greater than that of ascaridole# On© would expect an 
Increase In the specific gravity of chenopodlum oils 
if there had been a conversion of ascaridole to a 
rearrangement product of tlie type found upon heating*

However, the fact that t3ic specific gravity of oil 
number 15 (Table VII) exceeds that of the anhydride 
indicates that some change other than a rearrangement of 
ascaridole to the anhydride• Kelson®^ had found a small 
amount of dextro camphor in ono sample of year old oil 
but was uncertain as to whether or not It had been formed 
ageing* Since the density of this compound is•less than 
one, it could .not be responsible for the increases in 
gravity noted*

One possibility would be that there was a further 
change of the rearrangement product of ascaridole to a 
glycol isolated by $eiaon^ and reported by him aa having 
a specific gravity Of 1*0981 {20/20°0,).

Since there was less than ten grams of moat of the 
oils available, respectively, a separation of their 
constituents by fractional distillation was not possible*

mailto:K@gardlc.as


However, it was felt that & -farther study of the 
ehwag® of specifle cavities and asearldole content 
of the oils might be worth. while. Accordingly the
increase in specific gravity and the change in ase&rldole 
content of most of tho oils was computed and tabulated 
in fable VIII.

V'

A consideration of this data indicated that the 
increase of specific gravity in many instances too not 
comparable to the decrease in the concentration of 
aso&rtdole. Also oils ntiabera IV, 18, 20 and 21 showed 
an increase in the percentage of aaeartdolo present.
One explanation of this phenomena would be a loss of 
low boiling hydrocarbons by volatilisation during 
standing, sine® at the time of the original analyses 
there was no indication that the oils would be used
again, and they were, for the most part, preserved in
bottles stoppered with corks.

In an effort to determine if there had been a 
loss of hydrocarbons, fractional distillations under 
reduced pressure were tmde whan there was a sufficient 
quantity of oil available. It was found necessary to 
analyse the low boiling fractions for asenridolo and to 
determine the amount of hydroearbona present by difference.

"Si# of low boiling 'material present in the
remainder of the oils was determined by a modification of



the Helaon method* F ive cubic oca strict era of the oils 
were shaken with ^0 acetic acid in B&bcaolc fat testing 
bottles, and the volume of the Insoluble layers which 
separated upon standing were as awed to represent the 
w r n t  of hydrocarbons present, A comparison of th« 
values deterained by this method and by fractional 
distillation, respectively, of the same oils, showed 
very good agreement*

using those values and those for the mmrnit of 
ascarldol© present, the percentage of decomposition 
product was determined by difference# However, ‘the 
Î ereemtsges of the decomposition products found would 
not be a true indication of the extent of deterioration 
of the oils during standing, since there was evidence 
that some of the olio had tindergcn* so&te change previous 
to the- time of tho original analysis#

An apprca&matlon of the amount of docojmposftion 
product was obtained by subtracting the .percentage of 
aseartdele as determined by titration from the amount 
calculated from gravity# fhc original amount of hydro** 
carbons present were then calculated by difference, l#c#, 
1(X%£ ~ (percent of ascarldole ♦ percent of decomposition 
product)# It was then possible to estimate tho change 
that had occurred In the composition of individual oils 
during the period of standing;*

These final values are listed to Table VIXX in



the order of their deterioration as indicated by
tna inere&se in the ar&oimt of do e o:cni> oa 11 ion toafeerlul Tortus d*
The typos of containers In which they were preserved
during the period of standing arc also listed in tht« 
table.

TABI*g VXXX

f*4 CH l| THjbmT
10. Orig.

%

ore&ee Hot oliauge in of
in tho percentage Of stand­of ap.Gr.
25/86® Asearl- Hydro* lSoo<£bp9 ing Typ© ofoil &S0* dole carbon product (yra.) Container

13 TO .033 -IS -18 4*30 1&» clear glass
11 75 .050 -10 -17 +27 ft H
la 7 7 *046 -12 -14 +26 f? U
8 7B .042 -2 -16 +18 2| brown n
10 GO *035 -2 —14 +16 fi »♦ ttit10 68 .0X1 -7 -8 +15 2 tt
4 81 .030 -4 -10 +14 a§- tt if

tt8 80 .024 —2 -10 +12 »6 #
18 83 .005 -8 -8 +10 3 elcar tt

tt§ 78 .DCS -4 —5 +0 2&
4

brown
18 60 .058 +6 -15 +9 clear tt
14 87 .016 -a -7 +9 4 brown if
9 90.7 .010 -G -0.3 +6 tt a
21 74 .026 10 -14 +5 2 « ft

7 81 .010 —6 +4 2& if ft
17 62 .003 +2 —3 +1 2 clear if
20 88 .004 +8 «** —o +1 2 ft ff

Consideration of this data leaves one In doubt as to 
the natn.no of tho change that occurs in tho oils upon standing. 
Tho narked dcere&eo in the pcreentoge of hydrosarboas pro sent 
In aone oils suggests that the loss nay Imvo boon ciu© to
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their poly,1*3Tlmution rather Mum volatilisation*' In 
diroot contradiction to this is tho fact, previously 
mentioned, that four oils, imbsrs 17, 18, 80 and 01 
tit ©played an Increase In the percentage of a© cor idol© 
present* Also oil number 9 which was a ?*hlgh teat** 
oil from a Gomorei&l still had very little hydroaarbcm  
originally present (Q*3t) and the -narked increase In 
it© specific gravity and decrease in aocaridole content 
could not have heon affected to any extent by a change 
In the mount of hydrocarbons present* Purthcmnore, 
there Is no relation between the Increase in specific 
gravity and the amount of deoomposltl«m material formed* 
This would Indicate that the product formed 1© not the 
same In all oils*

Smm ©vidone© of this irm^hamogoimlty of products 
was obtained by a determination of ’the specific gravities 
and asearIdol© content of;the high boiling fractions and 
residues left from the previous distillation of a few 
oils made In order to do tornl »e the amount of hydrocarbons 
pro sent* the specific gravity (2S/25°C*) of the 
■decomposition product in fraction© that contained 
asearidcle was calculated by a©swing the specific gravity 
of asearidol© to be 1*005. These values for different 
oils seem to fall Into two distinct groups, the rang© of 
the first being from 1*015 to 1*048 and the second being
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1*030 to 1*040# fhe lafctor value® approximate those 
reported for the specific gravity of the anhydride of 
a&earldole* In one instance the specific cavity of 
tlx© Intermediate fraction between the boiling point of 
'the low balling Hydrocarbons and that of asooridolo 1md 
a very high specific gravity* Analysis for ascoridol© 
and subsequent calculation of the specific, cavity of 
the other product present; .Chewed that the value mx&
1*114 'tdat would correspond, to the specific gravity 
of tho glycol Isolated by nelson* ffhia high gravity 
fraction was obtained from oil nurfoor 13, milch had 
tlie hipest specific gravity of all of the oils#

The isogit likely explanation for those results 
Is that in w m j  instances throe distinct changes has 
occurred# nsxsely, dacomposltlon or rearrangement of 
asearidole* loss of hydrocarbons by volatilisation and 
docomposi ti on or polymerisation of the Ixydrocarbons«

An of foot of light on tho &© corxpoal tlon of the 
oils is indicated by a comparison of the amount of 
deterioration with tho type of container in which the 
oil had been preserved* fho apparent discrepancy shown 
by oils numbers 17, 15 mitk IS which had been kept In 
clear glass bottles for periods of Iwo, three and four 
year® respectively, and had not changed • markedly, la 
explainable by tho fact that at tho tin*© of the original 
analyse® these oils had already deteriorated to aosm
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extent* Oil number 13 had been exposed to light for 
a year & M  oil number IS thro© ^oara previous to 
these first determinations# Oil number 17 m s  m u r t d  
from a e«meretsl first and was mors than two years old 
when received*

Possibly tho m a t  significant conclusion to bs 
d r u m  from these results is that the problem warrants 
further study* It Is planned to repeat the experiment 
under controlled conditions using appreciable amounts 
of .materials and preventing any possible loss of tho 
hydrocarbon fraction by volatilisation*
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m m m t  of pak? i*

A study of the Paget Method Tor to# determination 
of asearidolo in bhenopodlum oisl demonstrabed that*

;u fee method may bo used to dotremtmt tho amount 
or asearldole to oils adulterated with carbon totr achlor Idot 
etoeol or alcohol*

2* fee accuracy of the method 1b not appreciably 
affected by tho concentration of the titanium trichloride 
solution or by the as# of an excess of this re agent within 
reasonable limits.

3* A correction must be made when a large excess 
of alcohol is prosent to tho aliquots titrated.

4. Very snail mounts of uscaridolo In aqueous 
solution may be accurately determined#

fee &na££X-I»«n* tfoftmsm Colorimetric Assay was 
found to be a fairly reliable method for the estimation 
of asoarIdols* The fomatlem of an insoluble product by 
act!on of the reagent with the alls serves to Invalidate
the results*

fee Ooektan^%mae lo&ometrlo Assay was found to give 
low values for oils of high ascaridol# content* fee method 
1ms no ad van bag# over to# Paget assay to regards to utility 
or convenience * A do termination of the ascaridol© content
of oils by specific gravity la only reliable when freshly
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distillod m d un&ooomposod oils mm u M d #
4 ifiarkod im&mmam In tbs spoolflo gravity of 

Otis, aftor standing t o  long poriods of ttoo u s  notmd, 
wMoh in ocmtmry to prwtono opinion# Tboro m s  m  
to&leottm of O' doeosgposliton of aoearldole to sans 
toatMKOO#** tmt thmrm also bw# boon a polynorlsatlon 
of tlx# hjds*ooai!*boixs prooont*

•Tho doeompesitlon of tho oil# was sppas^ntly 
lncr#as@d bj oatposnn# to light*



%"2h® origin of the chonopodiun or werraseed industry
25in Maryland Ima been investigated toy Hue Ilex* • HI® iiwn®

of Information was an interview with a Mr* Frank Shoms of
=vestmto»ter# Maryland, whose father was o n ®  of tho pioneers 
in tli# development of tho industry*

Aseordlng to Mr* 'ilioaas the cultivation of the
plant was introduced In Carroll County, near tfostninster 
in about 1840* ©i# name* of tho original producers are
unknown* Many of the elder Inhabitant* of the district 
can recall the time when it m s  not unusual for «t man to 
ride horseback to Baltimore drug houses, a distance of 
about twenty miles, with a few small bottles of womseed 
oil to M s  pocket*

At that time the oil was obtained f rasa the plant 
toy cooking the herb with water to an iron soap kettle fitted 
with a soap stone top* After some time the oil was skissssed 
from the surface and poured Into bottles* Later a still was 
developed using the sms type of pot and cover "but equipped 
with a water cooled coll* fhe modern stem still, which was 
introduced toy Klee Brothers in about l$00f will toe discussed 
later*

T h ®  growth of tho industry was very slow up mt.il 
recent years* 31nee cultivation, of the weed exit ails



considerable labor and expense moat farmers were content 
to cultivate but small acreages* By 1370 tho total 
production of oil for one year was about 3000 pounds 
obtained from. s«@ fifty acres* By 1900 tho production had 
increased mrkcdly* The oil was sold by the producer or 
loeal buyer to the mere important Hew fork drug houses 01* 
’brokers* Germany had bosom tlie principal foreign isiportor 
and redistributed, the oil in Europe* 2he foreign trade 
collapsed in 1© 14 and was revived again in 1917 wli#n other 
importers were found* Increasing demands for tho oil daring 
tbs war caused a phenomenal rise in prlee and an tessodiate 
respone® in greater production. By 1931 the average prodnotlon 
was about 12,000 pounds* Although the price of oil receded 
sharply after the war, production was increased* Possibly 
the maa&mm mount of oil was obtained in 1928 Aon a local 
buyer estimated that 100,000 pounds were obtained In the 
district* Ala large production served to saturate the 
market and depress the prices* The following years, 1920, 
the acreage was reduced and a prolonged drought farther 
decreased the oil output to about 23,000 pounds* This severe 
drop in production stimulated prices for a short tltac but in 
the following year the acreage was further reduced and only 
about 80D0 pounds of oil wore .marketed*

Throughout Its history, the industry has been 
confined t© a rather limited area in Carroll County* Hi© 
area extends from the Frederick road to ??estnlnster and f m



Sykesvllle to Mount Airy* Attempts have been made to grow
tho plant In other parts of the State, but few have boon
successful* These attempts have not been confined to
Maryland* As noted previously, efforts have been mad# from
time to time to cultivate the herb In the middle western

26states. In recent years Hogstad' at South Dakota produced
a satisfactory oil in 1923 but was unsuccessful with a 1924

27crop, Sonants' reported that he obtained a satisfactory 
oil from plants raised In Illinois, but no results were 
given on a second year*8 crop, Pauly**1 was able to produce 
oil from Wisconsin plants by distillation, of the seeds alone, 
but was not able to obtain useable oils from the entire plant• 

Recently successful cultivation of plants have been 
reported in India, Java, and 'the Dutch East Indies,

Since tliis industry has been almost entirely confined 
to this State and because it had increased to an appreciable 
also, the Agricultural Experiment Station of the bill varsity 
of Maryland, in 1928, decided to sponsor this study.



In order to discuss tho study m d e  of various 
factors that rrmj determine tho production of aseoridole 
in ehenopodlura plants it id XX 'be necessary fco briefly 
outline methods of cultivation practiced by tho U&ryland* 
or more particularly, the Carroll County grower#

f£he plants arc, for the no at part, grown from seed 
seise feed by the Individual pi®tor mid sown In seed beds 
the latter part of February* or as soon as the -weather 
conditlons are favorable. It is necessary* according to 
the growers, to locate those beds in freshly cleared woo&~ 
land in order to obtain the best results* Sonottaes a 
type of imleh Is placed over the beds and removed when 
Hi© plants arc lor go enough to need no further pro tee ti on*

By the latter part of *Say or Hie first of June 
the plants are usually large enough. to be transplanted In 
the fields* Most of the growers use a transplanting mehlno 
which places the plants about eighteen Inches apart In rows 
which are three feet apart*

FerfclUsers arc applied In meet instances* but tho
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mixtures used depend upon the personal opinion of the 
Individual planter* 24oot of the n* xtures used, however, 
contain m fairly high oonoonfcratlon of piioophorus*

"The kerb apparently requires about the same 
tillage as corn, mid throe or four cultivations are 
made during the season*

*2hm time of harvest is determined by the 
maturity of the plant as judged by the color of tho 
seeds* then about tliree-faurtha of the seeds are dark 
brown or black in color, the plant is harvested by rmmm 
of reconverted binders for tho moat part, although the 
herb is cut by hand by a few individual planters*

After cutting*, the plants are allowed to "cure* for 
several days and then steam distilled*

A review of tho methods used in cultivation of 
the ehenopodlua plant would indicate that the noot 
likely problems to be considered in mi effect to increase 
the yield of asearidole would bo tho selection of seeds, 
the fertilisation of the herb, the tine of harvest and 
the methods of distillation* Accordingly, individual 
studies were made of these phases in tho production of 
oil from  tho plant* Since ascaridole is the essential 
constituent of tlie oil and alnoo it is believed that 
©banopodium oils will be eventually marketed at prices 
depending upon their aseoridols content, tho results of
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fcli® following studios are expressed in terms of 
asearldols and not of chenopo&iuni oil*

the Estimation of Aco art dole in Chenopodluci Plants

As a prerequisite to the study of the various 
factors that Influence tho yield of ascaridole, a
satisfactory method of extracting tho material from 
the plant hmi to bo determined*

fhe previous study of tho Fagot assay had 
indicated that It was sufficiently accurate for the 
do to m i  nat ion of small amounts of ascari dole in aqueous 
solution, mad it was in a study of the efficiency of 
steam distillation aa compared to other nethods of 
ox traction of the plants Hook® had extra© tod snail 
samples of ground herb with various organic solvents 
and, upon analysis of tho extracts,, i m d  found tho 
highest percentage of ascarl&olo was obtained when 95$ 
ethyl alcohol was used*

Accordingly, ton grara samples of various parts 
of plant material wore shaken for one hour with 200 ou# 
of 95$ ethyl alcohol and the ascarXdole content determined 
by titration* Duplicate samples of the material were 
steam distilled and the distillates assayed for asoaridole. 
In ovary instance the values obtained by alcohol extraction
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ww q  rmtih greater than cor ro spending re splits from
steam distillation* A alight difference in values 
might he expected but the fact that the heavy woody 
part of the plant, which yielded 'hut a trace of 
aeeorldole by steam distillation, allowed mi appreciable 
amount of asearidole in tho alcoholic extract, Indicated 
that the alcohol was dissolving some constituent of 
the plant other than aacaridolo, which was capable of 
oxidising the titanium trichloride*

Later Pauly found appreciable amounts of 
potassium ntfcreto In alcoholic extracts of chonopodium 
plants* T h m  same material was likewise isolated In 
alcoholic extracts of the .herb by a graduate student in 
the local laboratory* As a matter of Interest, weighed. 
msmmxitB of potassium nitrate were dissolved in alcohol 
and titrated with the tifc&nium solutions by the method 
used for asearidole* It was found that approximately 
throe moles of TlCl^ are equivalent to 0110 nolo of KAOg* 
It Is apparent from these results that alcohol was 
dissolving potassium nitrate from the plant and lienee 
cannot bo used as an extraction agent for the oil*

One hundred gram samples of finely ground, whole 
plant material wore then extracted for twenty-four hours 
with 260 co* respectively* of the solvents listed below, 
and aliquots titrated am usual* 6inoe the titanium



41

trichloride is insoluble in both ©fcter rnzd petroleum 
ether* it was fmmd necessary to evaporate these aliquots 
to a. small volume and take them up in aloohol for 
titration with tho standard solution* At the earn© tim 
duplicate samples wore steam distilled from a Kjoldalil 
flatik and the aqueous distillates assayed for aaoaridole* 
The results obtained are listed in liable IX,

It was found topes alble to obtain uniform results 
by titration of the aliquots of the chloroform extraction 
and the percentage given represents tho average of widely 
diverging values* He joe ting this value* the agreement is 
good i m t w r n m n  the amount of ascoridole extracted by steam 
distillation and by other advents* The average deviation 
from the mean of the values determined by atom distillation 
would indicate that the average value listed m y  be in error

TABUS XX
The Extraction of &sear idols by VariousSolvents

Solvent Average Percent 
of Aeearidole, r

Ethyl otter 
Petroleum etherOiilorofom 
Steam distillation

o.m*50
*65
*53



In succeeding experiments it was desirable to
steam distill larger quantities of herb than would to# 
possible in the small glass apparatus# A copper still 
having m capacity of about five pounds of ahcnopodlun 
plants was used for ttooso expertoonto# 3team was 
obtained from. a laboratory lino and the pros sura varied 
from 1 to 3 pounds per square inch#

Duplicate .aariples of barb grown In plots that 
were treated with tho i m  fertiliser mixture and ourod 
for tho B>mm length of tine wars stem distilled# f£en 
oublo cent toe ter aliquots of the dl at I Hates were 
quickly withdrawn from tho collection bottlo aftor 
thorcm^i oha&tog, weighed in m X00 cc# volismotrlo flask 
ami rarnd© up to voluxs© with ethyl alcohol, fan oe# 
aliquots of tho alcoholic solution wore than titrated 
as usual# From the par ©cut of time asearldole found in 
the distillate and weight of the distillate the total 
amount of asearldele present in tho plant was calculated* 
*£he value obtained and the weight of fc)xi plant material 
die tilled went used to calculate the per cant of aseari&oXe 
In tli# plant and thence tho amount of asoarldolo to the 
herb.

Fcon the results ob lalned by these experiments the 
average deviation of the mean values fox* the amount of 
asearldols to tlx© plant was found to be Approximately
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classification as a distinct variety of a definite 
species*

Tho plant® cultivated In  C arro ll Gomfcjf, Ixowver, 
seem to bo of two typo®# Mueller5̂  remarked upon these 
types* noting that on one typo tho stasis were greon, 

while on tho other they wore red* Hook remarked upon 

two rather d is tin c t typos of plants* tho roost s trik in g  

difference being one of also* lie determined the asearldole 
content o f the two types and found tho smller plant 

contained raos$t asearldole* Host o f the woraeoed growers 
seemed to p refer tho m a ile r  plant believing* whleh 
usually bears more fruitf to be the superior plant*

It was thought to b© worth while to attempt to 
eonflm Noekfa results*



Samples of ®.tmli off tho two typos of plant® worm 
obtained ffmm the sm m  fertiliser plot mt College Fork, 
allowed to oure and s testa distilled* Tho aqumoum 
extra®ts worm analysed for aaeorldale arid tho percent 
of aso&rldole in the herb computed both Oix wot mid an 
dry basis* F2he following year, 1939, tho experiment 
w-m repeated with plants selected t r m  fields to Carroll 
County* ^oeda were selected from each type of these 
plants and mown in separate green house beds* From the 
plants grown, fifty of each type were transplanted In 
a field on tot Kxpertoent station grounds to June, 1950* 
li'o fertiliser was applied to those plants* At the time 
of maturity only six plants oonld bo found that were 
typioal of the smaller ”varietyw (hereafter deai^pmtod 
aa typo B)# Tim so six plants together with six of the 
larger (typo A) plant were out when mature and -allowed 
to euro for one month*

Dr* J. B* a* Kerton, of -the Experiment atatlcm 
Staff, wary kindly offered, to examhm speetoena of cacti 
type* He found the larger plant, type A, hml more erect 
branches and was greener than type B. The buds and 
flowers of type A were usually longer than wide, and the
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average width of th© seeds was leas idion 1 m »  In 
type B the steraa were reddish* the bade and flowars 
wider Uion long and th© seeds averaged 1 nra* or mr@ 
In width* Tli® distribution of glandular Imirs wan 
approotitaately th® sam In oaeh type*

v%©b the plants had cured three of each type
was steam distilled as usual* Oil frogs the distillate 
was separated and analysed and the ascaridol© content 
of th© residual aqueous layer likewise determined* Thm 
result* In this instant are based upon the air dry weight 
of the plants and appear with those previously 3aentianed 
to Tabl# X•

These results show that In two Instances the smaller 
plant contained a larger percentage of aacarIdols* The
values obtained from the 1931 College Park plants arc 
practically chocks, the difference being less than the

TABUS X

Bouroc ofMaterial

Per Cent 
Ascarldolc

w a r ^ T s sbasis bftj

Total
As©*Plant ated

College Park C f2&) ACollege Park 1*28} B
Coodbimm (*30) AWoodbine {*30) B 
Collage Pork £*31) A 54College Pork (*31) B 69

0*540*60
•TO

1*25

X.TO 202*10 21
2*25 11
3*67 13
0.65 0
0*05 7
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experimental error. One possible explanation tor
these ■ ¥ aim#® m y  bo tho long period of curing to 
which they wore subjected. Plants of typo A do not 
resell maturity as soon as those of typo B and sine# 
they wore always out at the sane time the larger 
plants wore loss mature than the earlier. The prolonged 
curing of the 1931 crop may have allowed the production 
of aeearldole to proceed to a mxl-asa value * If, 
however, the type B plants were slightly past maturity 
there may have ‘been a loss of fruit and leaves due to 
shattering, which would account for the low yield 
obtained. T?be difference In the asoarldole content of 
the separated oils can not be considered significant 
on the basis of one doterrd nation •

Although the aocaridole content of type B plants 
is greater than type A, the total amount of a sc or idol# 
produced is not enhanced to any great extent due to 
the differences in sis# of the plant, as shown in the 
final co 1m m  of Tmblo X* However, there is a distinct 
advantage In handling a smaller bulk of material if the 
&mm  yield of asearIdols may be obtained.
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ffho Source of Oil In the Plant

Wtrtta/ conducted the first recorded aiorcH 
chemical study of ehenopodltm plants In an. effort to 
locate the source of oil in the herb. He found the 
essential oil is contained in glandular .hairs, jaoat 
of which are found on the upper half of the ovary, 
negated in a nor# extensive study confirmed this 
fact but also found the hairs on the atoms, especially 
on less HU tor# types, mid on the loaves and tine 
aMbrysIe flow tips* !fhey wore absent on tlio woody 
basal section as would be expected*

Kinanta^ conducted separate steam distillations 
'Upon- 100 pound samples of seeds, at alii and entire plant 
material. He found that 110 oil was present In the stalk, 
but obtained 430 co* of an oil containing 85$ ascoridol© 
from the seeds, and BBS ee. of oil assaying 00$ from the 
entire plant.

Bine® a method was available capable of determining 
with a fair degree of accuracy small amounts of ascoridoXe, 
it wmm decided to attempt a farther Investigation of the 
source of ascarldole, rather than oil, 4a the various 
parts of the plant* ‘She experiment was devised to include 
a study of the distribution of ase&rldole in the two types 
of plants in a further attempt to investigate the phase of
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the problem*

Three plants of the typo il variety and four 
of typo B, remaining from the previous study on these 
types, were separated into four constituents, namely* 
fruity s##d atoms, leaves and stalk* Twenty gram aaipXea 
of each constituent wore steam distilled and the 
distil.kates analysed as usual* (The amount of stem 
material from the type B plant® was only 8 grams, #ioh 
waa' distilled as usual* The amount of leaf material 
from 'the same plants was 8 grume and was not distilled* 
The value used in Table X for the percent of asooridole 
is the one obtained from leaf material of type A herb*} 
The percent of aacoridole was calculated in. each Instance 
and multiplied by the corresponding weight of plant 
material* The sum of the resulting yields ofaseari&ole 
la the plant constituents was obtained for each plant 
type and used to calculate fch© total percentage of 
aecaridole in the plants* These values are compared 
to those obtained by distillation of entire herb in the 
previous experiment and arc listed in Table XI*
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TABUS XX
01 stritmtion of Asearl&ole in the Plant

Typo A (3 plants) Type B (4 plants)

Fart of 
Plant

ft. of 
material

Aseari-dole«r/
Amt • 
Sac.

Vit*Of
Uaterlal

Asearl~dole
.............5S ............................

Amt.Aao*in part

Stems 24
. r _______________

0*25 *06 8*0 0.27 • 00Leaves 33 *BS .17 2*0 .52 > .01 •Fruit 236 1*08 2.55 67* 1.12 *04Stalk 221 .03 .06 40* .03 *01
Totals S14 2*04 107 .66
Percent asearldol# In plantfrom mmmrntltm of parts a 0*55
Percent asoaridol© from 
distillation of entire plant « *65

0*62

.65

These r©cults would conflra the prevalent opinion 
that most of the a soar idols ooeura in the fruit and that 
littls is present In the stalk* The relatively mall 
amounts found in the seed stems and loaves Indio a to that 
they are of little Importance in the to«al contribution of 
asearfdol© in the plant#

Sine© tits differences in the aaearidol© content of
trio fruit and stems of two types of plants* respectlvely,
are of no significance* the selection of a plant type having
an aBtmdmc© of seeds Is indicated* Type B plant having

by weight of seeds would seem to be favored over typo A#
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The difference in the percent of aacarldoXe in. plant® 
of type A as determined toy the distillation of part®
of the plant and of the total herb, respectively, how­
ever, does not permit any definite conclusions to be drawn 
from this study*

The Tine of Harvest and Curing

It is common knowledge among the wormseed grower® 
in the Carroll County producing district that In order 
to obtain a mar Ice table oil the plants must be allowed, to 
mature before harvesting. This fact was most decidedly 
confirmed in a practical way by the introduction of the 
modern steam distillation equipment in 1908 by the Klee 
Brothers of near estminster, Maryland* Mr. Henry Klee, 
the surviving member of the firm, relates that the first 
year the still was used the amount of oil obtained from 
the herb corresponded to an average yield of 100 pounds 
per acre, almost twice the usual production* The oil, 
however, was of low specific gravity and could not be 
sold. Representatives from Bow York drug concern® inspected 
the still but could offer no explanation for the low gravity. 
The following year the herb was allowed to grow approximately 
two weeks longer before harvest, whereupon less oil was 
obtained, but the gravity was within the specified range*
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©AHogs tad' # In m st udy of western oils, ©team
distilled the plant© at various stage© of growth
throughout the season and observed that the maximum 
amount of oil 1© obtained just previous to or at the 
time of polllnatlons but that this oil is decidedly 
deficient in asoarMole and consisted chiefly of eymene* 
He also noted that air drying tended to increase the 
asoaridol© content* since he was never able to obtain 
an oil which would meet the requirements of the !J* 8# 
Pharmacopoeia it was thought advisable to investigate
this apparent change in sore detail.

Twelve five-pound samples of chenopodium plants 
from the same fertiliser plot at College Fork In 1928 
were cut at intervals of two weeks. ‘Hie samples were 
weighed immediately after cutting and in each instance 
six of them were ©team distilled immediately* the other 
six being allowed to cur© in the laboratory for four 
days before distillation* The distillates were analysed 
for asoarldole and the results in each case were 
expressed in terms of percent of aaearidole based upon the 
wet (uncured) weight of plant material. These results 
are listed below in Table XII.
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TABLE XII

Changes In Asea ridol© Content of Plant 
with Age and Curing

Date of Percent of Ase&ridol©
Cutting based upon wet weight Remarks

Fresh herb Cured herb Early blossoming 
0*61 0*77 stage
0.73 1*35 Lat© blossoming stag©
0*58 1*34 Past maturity Ilikely

loss due to shatter­
ing

The experiments were repeated in 1930, except that 
only cured plants were distilled. The results are in 
Table XIII.

TABUS XIII

Changes In Ascaridole Content with Age

Date of Percent of Ascaridole
Gutting based upon wet weight Remarks
Aug * 20 0.29 Early blossoming
w 27 1.04 Late n

Sept. 4 1.18 Fully developed
seeds, few dark

Sept.11 1.45 Maturity (most seeds
dark)

Aug* 14 28
Sept * 11

The data from Table XII indicates that there is 
a decided gain in the ascaridole content of the ehenopodium



plant during curing as noted by other investigator©* 
However, previous experiments would not indicate 
whether this gain was due to a chemical dhange in the 
plant or to loss by volatilisation of the low boiling 
constituents of the oil* The fact that Hogs tad noted 
a predominance of p-cymene in the oil at the early 
stages of growth and suggested a synthesis of ascaridole 
from the cymene during the growth would not necessarily 
apply to the change occurring during curing* Hince the 
ascaridole content of the plant® at College Park was 
based upon the wet weight the results obtained could 
not be influenced by any loss of cyraene or other low 
boiling compounds by volatilisation during the curing 
process, These results would Indicate that there Is an 
actual synthesis of ascaridole during curing*

The result© from both tables agree with those 
obtained by other investigators by indicating an increase 
In the- ascaridole content of the herb during the period 
of growth. The fact thr-t no increase was noted in the 
final period of the 1928 experiments is ■ likely due to 
a loss by shattering In the well matured plants* The 
ffomseed planter Is cognisant of this fact and tries to 
cut the herb before it is completely matured*

Following the suggestion of Hogstad an attempt 
was made to secure further evidence of a chemical change
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In the oil during the growth of the plant. A commercial 
planter in the wormseed district of Carroll County was 
asked to cut a number of plants during the time of 
pollination and to distill the oil from them immediately 
after cutting# JDue to a misunderstanding the herb was 
cut at the proper time, but allowed, to cure for seme 
four weeks before distillation* The oil obtained was of 
high quality,containing *?Q*2% ascaridole as determined 
by the Paget assay and 63*5$ fey the kelson assay. The 
specific gravity of the oil was 0*963 at 25/25° d* since 
no re.cord was made of the weight of plant material cut, 
the quantitative aspects of this procedure ato in doubt* 
However, the accidental experiment does indicate that 
the process of ascaridole synthesis In the plant either 
during growth or curing is likely of the same type*

Accepting the meager evidence presented that 
ascaridole is synthesised from cyraene, one Is confronted 
with the problem of how fcnls synthesis might occur* Of 
the several products Isolated from the rearrangement of 
ascaridole, two seem to fee the most likely Intermediate 
compounds which might b© formed in the transition from 
cymene to ascaridole* One of these isolated by HeIs cm 
and termed fey him an erythrite of ascaridole would seem 
to be 1,2,3,4 tetra hydroxy menthane {formula XX)* Analyses 
agreed with this formula and oxidation gave the expected



produst an dlhydroxy- mebhyllsopropyladiplc 
acid which, however* differed from previous acids 
of this t. p© identified by all&oh* fee other product 
was wad© by Hichter and Friesting^ by Incomplete 
hydrogenation of ascaridole with, colloidal palladium 
and corresponded to para 2 menthone 1,4 diol (formula III) 

The addition of 6 hydrogen and 4 oxygen atoms, 
corresponding to 5 molecules of HgO and one atom of 
oxygen to cymene (formula I) would be required to form 
Kelson1s erthyrlte (formula II)* This compound might 
form ascaridole anhydride by loss of 2 molecules of 
water and then rearrange to ascaridole (formula V)*
Xf the menthen© diol expound (formula 1X1) Is formed 
from cymene the addition of hydrogen end oxygen correspond 
ing to 2 molcioules of water wouId be necessary* A lose 
of 2 hydrogen atoms from this diol would form the peroxide
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In either event the reactions would seem to 
require- some ensyme* In the formation of the erthyrite 
a enzyme of the so-called hydroxldase type would be 
necessary* The succeeding reactions, those of loss of 
water, and rearrangement respectively, would not likely 
require-an ensyme. A hydroxldase would also be Indicated 
for the synthesis of the nenthene diol (III)* However, 
the removal of from this compound would seem to require 
an additional catalyst* Of these two suggested reactions 
the latter seems to be the more likely one*

In the process of curing,some reaction other than 
simple dehydration followed by rearrangement, must 
certainly occur since other Investigators have always 
obtained an oil deficient In ascaridole from immature 
plants whether cured or uncured* The fact that an oil 
containing 7Q$ ascaridole was obtained from very immature 
plants simply by prolonged standing would indicate that 
mere loss of water is not a satisfactory explanation for 
the curing process*



Although it has been recognised for many years 
that ohenopodlum plant© require fertiliser treatment 
in order to produce appreciable yields of a satisfactory 
oil, no one seen© to have investigated this problem in 
any detail- acfclstmel and Company23?, in 1925, men tier* 
that the yield of dried seeds produced by herb grown 
In the Dutch hast Indies had been doubled by the use 
of phosphate fertilisers* lyson29, in a brief review 
of the industry, states that phosphate is essential to 
the growth of the plant*

A survey of the Oarroll County district showed 
that in most instances, there is no definite fertiliser 
treatment used* The selection of the analyses and the 
rate of application are quite variable among the individual 
planters* At the request of Individual planters of th© 
Carroll County district th© University of Maryland Experiment 
Station sponsored an investigation of this phase of the 
Industry* Bock^, in 1927, conducted a series of 
experimental plots at Woodbine, In the Carroll County 
district*

In an attempt to secure additional information In 
regards to the effect of fertiliser treatment, the present
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study wa© naade.rta.ken In 1928* The ©me general plan 
followed by Bock was used in these experiments*

Experimental Plot©

Fertiliser plots were maintained for a period 
of two years upon a farm near woodbine in Garroll County 
and for on© year at College Park* The plants were 
obtained from the seed bed© of an established grower, 
set out by machine and cultivated with the regular crop* 
Those at College hark were planted by hand at the 
specified distribution of eighteen inches apart In rows 
that were three feet apart. Their cultivation wa® 
identical with that used in general practice.

citbln three to four weeks after planting the 
fertiliser© were applied by hand# The experiment© 
included four series of plots* In each of the first 
three series the number of units of on© of the three 
elemental constituents of the fertiliser was increased, 
by increments of two, the number of units of the other 
two kept constant* One of the analyses, recommended 
by Sock as being especially felicitous to ascaridole 
production, having the analysis 4«*8~4 was used exclusively 
in the fourth series, which was a study of the effect 
of rat© of application* The ingredient© used for the
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analyses were; ammonium sulfate, muriate of potash and 
nitrate of soda*

Occasional observations were made during the 
growing season to determine if any marked differences 
in the sis© or maturity of the plants in the different 
plots could be noted#

The plants were harvested when the majority of 
the seeds were dark brown in color. At this stage of 
growth the maximum amount of as car idol® Is obtained a© 
has been discussed previously* blnce the plots at 
Woodbine were about one twenty-fifth of an acre in sis©, 
it was not expedient to harvest and weigh all of the 
herb* Accordingly every fifth row was cut In each plot 
for samples for weighing. From the material from each 
row representative plants were ©elected for distillation* 
The plots at College Park were much smaller, each 
containing 65 plant®, and the total material from the 
plots was weighed, and samples selected as before for 
distillation.

The plant© were stored In a light, warn laboratory 
where they were allowed to cure for four to five days# 
They were then ©team distilled in the five pound copper 
still, previously described, until no more oil drops were 
observed in the distillate* hi no© the steam pressure-
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could not b© adjusted very accurately, the time of 
distillation varied from 30 to 50 minutes. Ten cubic 
centime? samples or tiie distillate were weighed In a 
100 cc voitaaetric flask, made up to volume with 95$ 
ethyl alcohol and aliquot© titrated In the usual .maimer# 

This procedure was varied with College Park plots 
and those of woodbine in 1929* a separation of oil from 
distillate was made in the former instance with separatory 
funnels, the oils weighed and assayed and the aqueous 
layer likewise analysed* In the 1929 distillation© a 
simple receiving device consisting of a vertical glass 
tube with a ©topcock at the bottom and an upright side 
a m  of ©mall bore tubing sealed about three inches above 
the stopcock was used. "Hie distillate was collected in 
a funnel attached to the smaller tube throu^i which it 
passed into the larger tube, and the oil separated out 
on top# By adjusting the stopcock at the bottom of the 
larger tub© It was possible to drain off the aqueous 
layer at the sane ratio as the distillate was collected 
from the still# Separations of oil by this device were 
more successful as will be shown later*

The percent of aacaridol© found In the distillate 
multiplied by the weight of distillate gave the amount 
of ascaridole in the samples used. The percentage of 
ascaridole in the plant ^as than determined by dividing
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the weight of ascaridole obtained multiplied by 
a hundred, by the uncured weight of the plant*

From the number of plants cut in each plot and 
their total wet weight, the weight of 100 plants 
for each plot was computed* This method, would serve 
to decrease any errors introduced by loss of unequal 
distribution of plants in any plot*

The yield of ascaridole on the basis of 100 
plants was obtained by multiplying the weight of plant 
material by the percent of ascaridole.

A discussion of the errors involved will be 
reserved for individual consideration of each series of 
plots *

Resulta

The data secured from the three sets of plots 
are listed In Tables XIV, XV and XVI* The results 
obtained by a progressive increase of two units of 
nitrogen, phosphorus and potash respectively, are 
tabulated in each table In that order. The fourth series 
shows the effect of increasing the rate of application 
of the 4-8-4 analysis by increments of two hundred pounds. 
The results obtained by using no fertilizer on a plot 
(No*l) at College Park are also included in Table XIV*

In every instance the percentages of ascaridole



are calculated on the basis of w t  or un cured weight 
of the plant* 'fh© weight of plant material Is 
expressed In tems of the calculated weight of on® 
hundred plants and the yields of ascaridole in pounds 
produced by one hundred plants*



Plot
llo*
1
2
34
56
7
8
9
101112
15
14
15
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TABIaE XI?
Yield of Ascaridole fran College Park 

Plots (1928)

fertiliser
Analysis

Hat© of 
«. ppll ca­
tion 
lbs♦/acre

PereentfAscarl— 
dole 
In Plants

V. eight 
of berb 
lbs*per 
100 plants.

mm « * 0*64 2562—0—4 600 0*82 217
4-8—4 t8 0.85 2586-8-4 H 0.72 2544-6-4 W 1.01 2304—10—4 *• 0.80 2614-12-4 *1 0*85 2604-8-2 »» 0**76 2664-8—6 » 0.68 2864-8-8 I I 0.95 2144-8-10 ft 1.15 1704—8—4 200 0*98 1594—8—4 400 1*02 1684-8-4 800 0.60 1714-8-4 1000 0.77 182
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TAftUB XVI

Yield of AscaridoX© from v.oodblne Plots
(19 29 )

Plot
flo.

Fertiliser
Hate of
applica­
tion
lbs*/aare

Percent
Ascari­
dole
in
Plante

At* Of 
height Ascari-
of herb dole 
lbs.per lbs. per 100 plants 100 plants

2 2-8-4 600 0.25 63 0.16S 4—0—4 t» .34 92 .314 6-8-4 ft .36 57 .20
a 4-6-4 »f .4 4 101 .446 4-10-4 .36 121 .447 4—12—4 M .36 129 .4 6
a 4-8-2 It .36 115 .419 4—8—6 ti .36 131 .41
10 4—8—0 ft .38 136 •52
11 4-8-10 tt .51 110 • 5612 4-8—4 200 .47 80 .38
13 4-8-4 400 .44 97 .4314 4—8—4 800 .42 90 .38
15 4-8-4 1000 .38 126 .48
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The Effect of Fertiliser Treatment

Consideration of the data presented in 
Table XIV shows that the unfertilised plot (Bo* 1} 
produced an appreciable amount of plant material, but 
that the yield of ascaridole was low by comparison to 
adjacent plots* The values for this plot cannot be 
compared to the result® obtained from plots number®
10 to 15 respectively, since they were all apparently 
affected by a soil difference In the field* It is 
obvious that increased yield® of ascaridole are obtained 
by use of fertiliser®.

The Effect of Hitro&en

A progressive increase of two units of nitrogen 
from 2 to 6 In the fertiliser treatment at College Park 
resulted in a rather uniform Increase in the amount of 
plant material formed* Corresponding plots at Woodbine 
in 1929 likewise showed a definite increase in the amount 
of herb produced when the concentration of nitrogen wa® 
increased from 8 to 4 unite* but an additional two unite 
of nitrogen had little effect. The nitrogen series at 
woodbine in 1929 was not considered since these plots 
were most markedly affected by a severe drought*
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Approximately on®-fourth of the plants were killed and 
the others were decidedly stunted#

The effect of nitrogen on the production of 
ascaridole may seem to be Indefinite as shown by the 
variation of the results obtained frost 1988 plots at 
Woodbine and College Park respectively* However, the 
differences in the yields from Individual plots of this 
series at College Park are within the limits of experimental 
error and may be considered to be checks* Plots treated 
with two and six units of nitrogen, respectively, at 
Voodbin© also showed no difference on the production of 
ascaridole*

It 1® concluded that an Increase in the concentration 
Of nitrogen has no effect upon the yield of ascaridole 
obtalned*

The Effect of Phosphorus

If plot number 3, treated with a 4-8-4 analysis,
is considered a member of this series, a a 1 light Increase 
In the amount of herb produced at College Park Is noted 
by an Increase In the number of units of phosphorus from 
two to four* An addition of two more unit© of phosphorus 
produced a marked Increase in the yield of plant material* 
However, no difference was obtained when the concentration 
was further increased to twelve units#



-  69 -

Practically t>*© same trend 1© found in the
192$ v/oodbln# series* The yield of herb from plot© 
treated with &±% and eight unit© of phosphorus 
respectively was practically the sense wl;lie that 
obtained by treatment with ten units was considerably 
higher* A decrease la noted in the yield of material 
when twelve units were applied* Omitting plot number 
3 of the 1929 v-.oodblne series, which was affected 
by drought, a .pronounced increase again is noted in 
the yield produced by appl i cat ion of a 4-10-4 analysis 
as car;pared to a 4-6-4 analysis*

The yields of ascaridole produced by plots in 
this series at College Park may be considered identical 
In every instance* Those from the 1928 woodbine plot® 
are decidedly irregular and the only conclusion possible 
is that phosphorus doc® not increase the production of 
ascaridole* The value® obtained from plot® in 1929 at 
woodbine show no differences beyond the limits of errors*

Phosphorus seems to increase the production of 
herb but apparently doe® not favor the yield of ascaridole* 
There 1® m possibility that it may, by increasing the 
sis® of the plant, retard to some extent the maturity of 
the herb*

As has been discussed under the subject of ?lTime 
of Harvest’*, the stag® of maturity of the plant when



harvested is a decided factor in the production of 
ascaridole * It had been noted throughout the growing 
season that plants in plots umbers & 7 wore
always larger than those In any other and they may have 
matured later*

The Effect of Potash

fine© two plots in this series, numbers 10 and 
11, were affected by a soil difference, no interpretation 
of the results obtained for the production of plant 
material is attempted# The data fr<*n the 19E9 Woodbine 
plots indicates that the only appreciable Increase in 
plant material 1© obtained when the concentration of 
potash is increased from six to eight units# Values for 
the three lower concentration© and for the two higher, 
respectively, are almost Identical* The result® from 
the 1929 v.-oodblne series, excluding those from plots 
numbers 5 and 11, both of which were affected by drought* 
show a slight upward trend#

The only significant fact demonstrated by the data 
for the yields of ascaridole in the potash series at 
College Park is that the amount of this material produced 
by the plants in the "affected” soil area (plots numbers 
10 and 11) was practically identical with that obtained



from plot a containing a much. larger amount of herb.
Sine© the plots in this deficient soil area were treated 
with highly concentrated potash fertilisers* it may he 
assumed that this constituent of the analysis is 
felicitous to the production of ascaridole in the plant* 
This assumption is confirmed by the results obtained from 
the 1928 boodblne plots* Although no significant change 
is shown by an in crease of the concentration of potash 
from two units to six, a decided increase In ascaridole 
was obtained when two additional units were applied* A 
further increase of two units of potash produced no marked 
change * Practically the same trend 1© noted in the data 
from the 1929 Woodbine plots* At the lower concentrations 
the yields of ascaridole obtained were identical 
{excluding plot no* 3 for previously stated reasons)* 
Although the yields are very small by comparison with the 
results from previous years1 plots, the increase in the 
amount of a a car idol© obtained by treatment with a 4-8-8 
analysis over that obtained by use of a 4-8-6 mixture is 
significant* The further increase In the value for the 
succeeding plot in. the series is within the limit of errors 
and not significant*

These results would indicate that potash has little 
effect on the production of plant material, but must
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certainly favor the synthesis of ascaridole in the plant*
There is u distinct upward trend a’sown by the values fbr 
the percentages of ascaridole in the plant for the series 
in ©aoil of the three sets of plots*

The Hffect of Hate of Application

Tii# data for the College f&rk series concerned 
with the rate of application of the 4-8-4 mixture is not 
considered because of the soil difference indicated* The 
results of the 1928 woodbine plots for this series are 
roast in consistent sine© the production of plant material 
is increased by an increased rate of application from 
two hundred pounds per acre to four hundred, while two 
successive increments of two hundred pounds effected but 
a slight rise above the yield of the plot treated with 
the lowest rate* The highest yield, however, was obtained 
when a rat© of cm© thousand, pounds per acre was used* 
Comparable results were obtained from the 1029 ivoodblne 
plots in that the highest yield of plant material was 
again produced by the plot treated with the highest rat© 
of application*

The effect of the rate of application on the yield 
of ascaridole approximates Ita effect on the production of 
the herb# Ho appreciable difference is noted in the series
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until the i » x i m  rate of application wee used* Xhe 
1929 Woodbine aeries show the same effect*

Stmaaary

nitrogen was found to be a factor In the production 
of plant material, but an Increase In its concentration 
from two to six units had no effect upon the production 
Of' ascaridole * A ht$*ly concentrated phosphorus fertiliser 
enhanced the yield of plant material but did not Increase 
the yield of &scaridols* Increasing the concentration of 
potash above six units Increases to some extent the 
production of herb and decidedly Increases the yield of 
as ear idols* The rate of application shows little effect 
in either the yield of plant material or ascarldole until 
used at the rate of one thousand pounds per acre*

The most practical fertiliser treatment,which Is 
indicated by these results, would be a 4-8-8 analysis*
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EhTlIOD OF HloYIi^ATloy

The methods employed In the distillation of 
cienopociium asabrosloides have been studied toy several 
investigators* -ince the lnee.ption of the modem 
steam distillation plant In 1908, hchtamel and Company*-® 
have made numerous recoiamendatlons as to the proper practice 
necessary to secure oils that would meet pharmaceutical 
requirements* They found that prolonged boiling of 
asoaridol© with water caused a decomposition of the 
ascaridol©.

Several Investigators have contended that the 
poor quality of oil© obtained from ©stem plants ha© 
been due to faulty distillation methods*

Sonants'*® remarked that the oil obtained by wlrtiF
from herb grown to Michigan was undoubtedly low in a© oar Idol©
content because of prolonged distillation with low steam

IDpressure. Kelson had found that the amount of decompo­
sition products (as determined by fractional distillation)
In oils obtained from commercial ©tills was not more than 
2*30 it high steam pressures were employed* He recommended 
high steam pressure©, a warm condenser and a rapid 
distillation*

siKus©ell obtained more oil from a rapid distillation
wit:- a warn condenser than from a slow distillation with a
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coM condenser. In the former Instance the O H  was 
of & superior quality* He found 110 difference in 
the quality or yield of oil distilled from herb at 
pros sure a of from 30 to 100 pounds per square inch 
but low gravity oils were obtained at 40 to 00 pounds 
pressure *

As a result of these studies distillation methods 
have been fairly well standardised throughout the 
production district* The commercial distiller employs 
a team pressures of approximately 90 to 100 pound© and 
the average time of distillation is from fifteen to 
thirty minutes*

Although this phase of the chenopodium industry 
seemed to have been investigated most thoroughly, it 
was thought worthwhile to inspect the various types of 
still© used in the producing district and to determine 
if possible the efficiency of their operation*

EXPBHXltEBTAh

Visits were made to various distillation units 
during the period of operation* &inee numerous 
descriptions and photographs of these stills appear in 
the literature, only a brief outline of the process will 
be mentioned*

The cured herb is pa deed tightly in iron retorts



of from 200 to 400 pound capacity* Hinged iron covers, 
balanced with counterweights are tightly clamped on the 
retort® by means of wing bolts* 2team generated from 
a small boiler is introduced near the bottom of the 
retort® and the vapors condensed, by conducting them 
through some thirty feet of iron pipe placed horizontally 
in a trough and cooled with running water* The condensate 
is collected in various types of metal barrels of 
approximately 50 gal Ion capacity* After the barrel Is 
fairly well filled,the oil separating out on top, a stop­
cock at the bottom is o.pened and the water layer, in most 
instances, allowed to run off at a rate approximately 
eqtial to the flow of the distillate into the receiver*
At least three of the stills in the district, however, 
are ©quipped so that a recovery of the oil lost in the 
waste liquor may be effected* In the©© stills the 
aqueous layer is collected and returned by means of a 
steam siphon to a retort, and redistilled* An appreciable 
amount of oil is secured from the waste liquor ms will be 
shown*

lock had reported an efficiency of 9Sh for on© of 
the larger still® in the district. This result was 
obtained by analysing the oil obtained by distillation and 
the waste liquor and assuming the total amount of me car Idol© 
to be that available* The ammmt of as oar idol© present in
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the recovered oil divided by the total amount available 
would give the approximate efficiency of the still•

fills experiment was repeated on the earn still in 
1929* A rediett 11atIon of the aqueous layer from the 
first distillation was made and the oil recovered was 
analysed* The result® are listed in Table XVII*

TABLE XVII

- rn-nm-.n-n.TT .' ' 'lT' 1 ' '' ]ISET
oil $ / Ase* Arnt* of ase* Asc.separ~ Asc*/ separ~ &q# in aq* in eq«

Lbs« of Distilla** a tod in j a ted :; layer layer layerherb tion lbs* oil I lbs# j lbs* % lbs*
* '*  i»i*»*i**ii.iliiiiii^ipŵ  j*  -i^**i.i i. " im ■>*..........................  ■ m     n i *m«wi*w i igmHK- .:ii |m w mum nwm  >« n « n  >m t umî ii ii i i ,i nn  i»ir j i

3690 1st 44 65 1 29 ! 498 0.30 16
2nd 7 86 i _jQ_ | 82 .65 5

Total ~ZTs \ 35
s  t

From data In the above table the amount of a8caridole 
available in the herb can be obtained by two method®. By 
the first the amount of as car id ole in the separated oil 
after the first distillation (29 pounds) plus the 
asenrldole found In the water layer (15 pounds) would equal 
to 44 pounds, or by the second method the total ascaridole 
recovered by both distillations (35 pounds) plus the 
ascaridole in the residue from the second distillation 
(5 pounds) would be equal to 40 pounds* It is thought that
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the most significant eppor in the first method was
in the value for the pounds of distillate which was 
obtained by calculation from an estimated volume* The 
volume of the residue from the second distillation© 
could be determined with muesli greater accuracy. Ihe 
most likely source of error in the second method would 
be due to deterioration of the oil, which will be 
discussed below* The efficiency* therefore, was 
calculated On the basis of the average of the above 
two values (42 pound®} and was equal to 85$*

An additional check of the efficiency was obtained 
by distilling a representative ©ample of the herb used 
In the above experiment in the small laboratory still 
and assaying the distillate* The analysis showed the 
plant to contain 1*08$ asoarldole which multiplied by 
the weight of herb used in the large still {5090 pounds) 
would indicate that 40 pound© of asoarldole via© available* 
This w<u Id indicate an efficiency of 87$ for the large 
still*

f A number of other stills in the district were 
visited and ©ample© of oils and the discarded aqueous 
layer obtained* In most instances* The results are 
expressed in terns of percent of ascaridole found, 
listed below*



J'uTi-cunt of A scarIdol© Cpereent} in

Year 2  till
Oil from 1st 
distillation

hater layer 
from 1st 
61 a t ilia t lent

Oil from 
2nd

dlstillation
a  a ter layer 
from 2nd
distillation

1928 
1931
1930
1931 
1.931
1929 
1929 
1929

A

A
B
G

0B
K

P

6 5

■m

81
mm

7 7

78
6 4

0*30
mm-

.SI
mm

.26

.36

.30

S*086,
95,
99.7
98.0
96.2

0.65
0.31

mm

The most significant data In this table is that
expressed for the asearidolo content of oils recovered
by redistillation* In four instances practically pure

3 0ascaridole woe obtained* i>huich and KelndoHar'' in 1931 
remarked upon the high quality of such oils stating that 
they are tamed "high test15 oil of won&seed.

At about the same tint© 'Pauly'*', as m result of 
laboratory experiments, had found that practically pur© 
asearIdol© was obtained by redlstlllation of waste liquors 
from distillation* &e refluxed pur© uscaridol© with water 
for 8 hours and no ted that the deterioration amounted to 
only 11 percent. However, since one-half of his am to rial 
was lost by ©.©cap© of vapor© from the condenser, these 
results may not be reliable * Uc contended that the main 
factor in distillation, is not the decomposition of ©soaridol©
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by steam but it© loss due to its solubility 1b water*
'He found the solubility of ascaridol© at room temperature 
to be about 0*3 gram© per 100 cc*

The values in the above table for ascaridol® content 
of the aqueous layers seem to support Pauly1© conclusion 
sine® in most instances they approximate the solubility of 
ascaridol® in water* However* the oil obtained by 
redistillation for still A in 1938, had evidently decomposed 
appreciably, since It assayed XGOh ascaridole by the 
Kelson method (it was completely soluble in 60^ acetic 
acid)* The specific gravity at 25/26°C was 1*007, 
indicating that very little low boiling constituent© were 
present* The ©ampi© of oil from still P likewise had 
suffered decomposition ©Inc© it© specific gravity was 
0*975 Indicating an 80fc ascaridole content* The specific 
gravity corresponded to the ©scaridole content of all of 
the other oils*

The three large atills, A, B9 and C, are quite similar 
in their general plan except that the retorts of h are 
exposed to the air, while those of B and c are embedded*
The retort used for redistillation, however, is above the 
surface in ©aOn instance# It was thought that possibly 
the oils in still A would require longer exposure to steam 
due to loss of heat by radiation through the walls of the 
retort and that this might account for the deterioration



noted in the redistilled 1928 oil. Although the oil 
from the first distillation showed no deterioration, 
yet it may have been in an unstab le condition due to 
heat* This conclusion was invalidated by the very- 
fine oil obtained the succeeding year* Ho significant 
differences in the operation of the stills were 
observed#

The two values listed for recovered oils from 
still C represent samples obtained from the ends of the 
condenser by rapid and slow distillation respectively.
The oil obtained by rapid distillation contained 98/S 
ascaridole* It was, however, reddish in color likely due 
to the presence of iron oxide dissolved from the retort. 
Less rapid distillation resulted in a slight drop in 
ascaridol® content.

These results show that an appreciable recovery of 
ascaridol® is affected by redistillation of the waste 
liquors from the first distillation# The efficiency of 
a still equipped for this recovery of oil was found to be 
approximately 85%.

Analysis of the discarded water layer© from several 
stills showed that the amount of ascaridol® lost is 
practically the same in all instances and corresponds to 
the reported solubility of ascaridole#
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3 J t *AH5f OF PARS? XX

the aae&rldole eontent of two types of 
ehenogKXiitxni plants cultivated In Carroll County w m  
determined# £he smaller type of plant was found to 
yield tli# higher percentage of ascaridol#* However, 
tliia may bo due to a difference in too rate of 
maturity of too plants#

A determination of toe asearldole content of 
constituent porta of the herb was mde* The greatest 
percentage of ascaridol# was found to be present in 
tli# fruit#

An Increase in the ascaridol# content of plants 
after curing was noted# The rmxlmm amount of asearldole 
was found in mature plants* A suggested raoohanisa for 
the synthesis of asoaridoXe in the plant was made*

A study was made of the effect of fertiliser 
treatment upon the yield of ascaridol# in ohenopodlwa 
plants* An Increased concentration of nitrogen improved 
to# yield of plant material to some extent but did not 
increase the production of asoaridoXe# A marked Increase 
In plant material was obtained by the use of concentrated 
phosphorus analyses f but tin# yield, of ascaridol# was not 
affected# High concentrations of potato increased both, 
the yields of ascaridol# and plant material# A 4»8*8 
analysis Is recommended for treatment of the herb# An
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leerease In the rut© of application of a 4-0*4 
analysis showed no off oat on either the production 
of asearldole or of plant materiel until the value 
of one thousand pounds per aere was employed,

4 study of a modern steam distillation plant 
In Carroll County showed its efficiency, based upon 
the recovery of ehenopodiim oil from the plant to 
be BSf(m Eedistillafeion of the separe tod water layer 
Is reoomiondod. The most significant loss of aaoarldole 
was found to be due to Its solubility In water* there 
was evidence of soiss decomposition of asearldole, 
however, In two Instances,
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REPORT ON CHENOPODIUM OIL.
T h e  D e t e r m i n a t i o n  o f  A s c a r i d o l e  i n  C h e n o p o d i u m  o i l .

By L. B. B r o u g h t o n . Associate Referee , and G. S. W e i l a n d  (Chemis- 
Iry D epartm ent,  Lniversity  of M ary land , College Park , Aid.).

Chenopodium or American wormseed oil has acquired special im por­
tance during the last ten years from its use in the campaign against 
hookworm.

It is now known from the  work of Schimmel & Co.1 and Nelson2 th a t  
the  chief components of the oil are (a) ascaridole (Formula I), which is 
present to  the  extent of (50-75 per cent; and (b) a m ixture  of Lerpenes 
with p-cymene, Mimonene and probably a-terpinene. collectively known 
as the  hydrocarbon fraction.

The work of Smillie and Pessoa3 no longer leaves any doubt th a t  the 
organic peroxide ascaridole is the sole component of the oil th a t  exhibits 
anthelm inlhic  action against hookworm and roundworm, the parasites 
for which the oil is generally used.

Since the establishment of this f a d ,  many a t tem p ts  have been made 
to  develop a means of ascertaining the  q u an t i ty  of ascaridole present in 
an oil. Color reactions that take  place on heating chenopodium oil with 
o ther substances have been described and recommended for qualita tive 
information. Wirt IP, in 1920, s ta ted  tha t  a 50 per cent solution of 
potassium hydroxide in 50 per cent aldehyde-free alcohol was suitable 
for a microchemical reagent for chenopodium oils, h a n g e r ’, in 1921, 
proposed the use of phenolphthalein, taking advant age of the red color 
produced. As a q uan ti ta t ive  measurement, this color reaction is only 
fairly satisfactory. The intensity  of the red coloration is proportional 
to  the  ascaridole conten t only if it is heated uniformly at a tem pera ­
tu re  of 155°C. W ith  oils of at least 60 per cent ascaridole content, the 
experimental conditions are easy to  check, b u t  not with those of lower 
content. The lower boiling portions prevent the  heating of the  oil to  
this tem pera tu re  in a given time, so tha t  the  red color is not apparen t 
a t  first, and if heating is continued the lower fractions boil off. Knaffl- 
Lenz and  H ofm ann6 a t tem p ted  to  perfect a biological m ethod, using 
worms, fish and mice, with  unsatisfactory results. These authors, how­
ever, have proposed a color reaction with hydrochloric acid th a t  shows 
some merit.

Of the q u an ti ta t ive  methods, two have been proposed. In  1921 
N elson7 published an assay m ethod  based on the  fact th a t  the hyd ro ­

1 Schim m el & Go.. R ep o rt. A pril. 1908.
- . / .  A m . Cheni. Soc., 3 3 , 1404 (1911); 34, 351 (1913); 42, 1204 (1920).
3 ./. Pharm acol.. 24, 359 (1924).
« J .  A m . Pharm . A ssoc.. 9, 127 (1920).
6 Pharm . Zl</.. 66, 191 (1921).
6 Arch. Pharm .. 2, 117 (1929).

A m . P hann . Assoc., 10, 830 (1921).
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carbon fraction of the oil is insoluble in 60 per cent acetic acid and tha t  
the ascaridole is miscible with this so lven t; and in 1926 Paget' proposed 
a m ethod, taking advantage  of the oxidizing propert y "of the organic 
peroxide ascaridole. I t  is with these two methods th a t  this s tudy  is 
principally concerned.

Until 1921 the United States Pharm acopeia  stated th a t  wormseed oil 
should be judged  by its physical constants  and specified th a t  it have a 
specific gravity  of 0.955-0.980 at 25°C. and an optical ro tation  of —4° to 
— 10°, and th a t  it be soluble in eight volumes of 70 per cent alcohol and 
have a refractive index of 1.4723-1.4770 at 20°U.

Nelson- pointed out th a t  an estim ate 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. l i e  then proposed the solubility method, details 
of which are as follows:

Ten cu b ic  c e n t im e t e r s  o f  c h e n o p o d iu m  oil is a g i ta te d  th o ro u g h ly  in a cass ia  flask,  
th e  neck  o f  w h ich  h o ld s  It) cc.  and is g r a d u a ted  in t e n th s ,  w ith  (it) per c e n t  acetic, ac id .  
The1 ilask  is th en  filled to  th e  m a rk  w ith  (it) per cent, a c e t ic  acid and a l low ed  to s ta n d  or  
care fu l ly  c en tr i fu g e d .  T h e  volume' o f  the  u n d is s o l s c d  oil d e d u c t ed  from ten ,  m u l t i ­
plied b> ten.  g iv e s  the' volume' p e r ce n t a g e  o f  a scar ido le  in the' sa m p le .

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 th a t  ascaridole readily reverts to the  inactive form, ascaridole 
glycol anhydride, Form ula  11, by an intromoleeular change and th a t  
this product is readily hyd ra ted  lo form ascaridole glycol (Form ula I I I ) .

CH3 I/C
H?cr o^CH

h2cp P H

CH3-C-CH3
H

H2C

H P

C H 3lcp
0

P H

P H

C H 3 - C - C H 3H

H P

H P

C H O H

C H O H

C H 3 - C - C H 3

H

F O R M U L A  I F O R M U L A  I I F O R M U L A  I I I

Paget fu rther s ta ted  th a t  he found evidence of this change taking 
place by  the  application of either dry  hea t  or steam. Since the oil is 
extracted  commercially by  steam distillation, it seems likely th a t  such 
a change would occur. T he anhydride and glycol are soluble in 60 per

1 A n a ly s t , 51, 170 (1925).
A m . Pharm . Assoc., 10, N36 (1921).

3 L o r .  cit.
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cent acetic acid and therefore would be determ ined as ascaridole by  the 
Nelson m ethod. Paget also referred to  the  adultera tion  of the  oil with 
substances such as cineole, which is soluble in acetic acid.

Previous work by  W allach1 dem onstra ted  th e  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 
atom s of hydrogen. Based on this fact, Paget sought to  find a suitable 
reducing agent for the peroxide. He finally selected t i tan ium  trichloride 
(TiCl.s) as the  most satisfactory. From  the  constitution of the peroxide, 
reduction should correspond to  the addition of four a tom s of hydrogen, 
b u t  the  amount used was about one-third of this; assuming the  addition 
of but two hydrogens, the  am ount of TiC43 used was about three-fourths 
of the  theoretical am ount. Exam ination of the  reduction products  by  
this au tho r  did no t show the  presence of the anhydride or of the  glycol. 
Hence, Paget was forced to rest the  de term ination on the  empirical 
factor th a t  one gram of ascaridole is reduced by  1.2770 grams of T iC I3. 
This figure was the  m ean of a num ber of results varying from 1.240 to 
1.3040. Details of the  m ethod as described by him are as follows:

Titanous chloride solution was prepared and standardized as described by kneeht 
and Hibbert2, 66 ec. of the commercial 15 per cent solution being made up to 2250 ec. 
One gram of chenopodium oil was diluted with 06 per cent alcohol to 100 ce. 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 potassium thiocyanate 
solution was then added, and the solution was titrated back with a standard solution 
of iron alum until a permanent faint red color w as obtained. The amount of iron used, 
calculated in terms of titanous chloride, gave by difference the quantity of the titanous 
chloride oxidized.

ST U D Y  OF T H E  PAG ET M ETHO D.

Since the determ ination of ascaridole by  the Paget m ethod is based 
upon an empirical factor, it was first essential to  verify its value. A 
q u an t i ty  of ascaridole, designated as oil A, was obtained, redistilled 
five times, and th a t  portion giving the  following constan ts :  boiling 
po in t 85°C. at 5 mm., optical ro tation  =  —2°, refractive index =  1.4745, 
ar.d specific g rav ity  1.0029, was selected as a s tandard  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 s tudy  of the s tandard iza tion  of this method, it was 
noted  th a t  the  concentration and volume of hydrochloric acid, added  to 
the t i tanous chloride in preparing the  s tandard  solution as recommended

1 A n n ..  60. 392 (1912).
2 New R educ tion  M ethod  in V olum etric A nalysis, 1925.
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by  K necht and Hibbert, affected the value of the  empirical factor 
obtained. (This observation was noted by  Knaffl-Lenz and H ofm ann 
and reported by  these authors, loc. c il.)

To test the effect of different concentrations of hydrochloric acid 
used in the t i tan ium  trichloride reagent, the following solutions were 
prepared: Solution TSo. 1 contained 22 cc. of hydrochloric acid per
liter of TiCls solution; solution iSo. 2 was prepared as per P a g e t ’s 
directions, 44 cc. of concentrated  hydrochloric acid per liter; and solu­
tion JNo. 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 s tandard  oil A. The determinations were carried 
ou t following P a g e t ’s directions. T he  time of heating was one and one- 
half m inutes in each case. The results are given in Table  1.

T  \  H  l . i : 1.

F.JJect o f  hydrochloric o d d  on the standard iza tion  o f I 'd  d

N O .
H C !  h i .;h

l . I T K H
A <  I | >  N O H V l  U . I T Y  

< ) f*’ s o n  r i o N
I N O H M  A  1,1T Y

. . !  l i t  !

( 1 it . 1 . O N  I 1) 
1' K l l  1 ( I R . 1 V  

A S T  \  H I  1)01

! 0 . 2 s  4 0 . 0.42

gru m s

I 2 0 4

I I 4 4 O . . V i N 0 . 0 4 4 1 . 2 X 4

i n V S i . i : ; < ; 0 . 0 4 4 1 . ! S O

The da ta  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.i. I f  it is assumed that two atoms of hydrogen are 
involved in the  reduction of the compound, two molecules of t itanous 
trichloride would be required; or for each gram of ascaridole 1.8378 
grams of TiCls would be necessary. Hydrochloric acid is necessary to 
stabilize the  T iC h  reagent. However, it seems to  change part of the 
ascaridole, whether by  molecular rearrangement or by actual reduction, 
so tha t  the  empirical factor for T iC l3 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 
standard iza tion  of the  t i tanous  chloride used in these studies were as 
follows:

Two hundred  cubic centimeters of titanous chloride solution (15-20 
per cent) was boiled with 400 cc. of concentrated  hydrochloric acid (36.5 
per cent) in a flask, cooled, and  diluted to 9 liters. I t  was kept in a 
storage bottle, and the  bottle  was completely filled. The outlet of the 
bottle  was fitted with a rubber stopper th rough  which a piece of glass 
tubing was inserted. The tube  was bent downwards, and a pinch cock
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was placed a t  the  rubber connection. Glass tubing formed the connec­
tion to  the  bo ttom  of the  buret.  T he  stopper in the storage bottle  had  
two holes, one leading to  the  top  of the  bure t  and the  other to  a bottle  
containing alkaline pyrogallol solution and  from thence to  a K ipp  hy d ro ­
gen generator. T he appara tus  was air-tight, and  the pyrogallol solution 
was changed frequently  to  prevent oxidation of the T iC l3. W ith  these 
precautions a solution of approximately 0.02 N  T iC h  was obtained.

W ith  the  s tandard  solution ad justed  as described, samples of oil A, 
approxim ately  1 cc., were introduced by  a pipet into a clean, dry, 
weighed 100 cc. volumetric flask; the  flask and  oil were reweighed, and 
the  weight of the  oil was recorded. The flask containing the oil was then  
filled to  the  m ark  with 96 per cent alcohol, and the to ta l  weight was 
taken. Next, a 10 cc. aliquot was removed, and  the  weight was obtained 
by  difference. T he aliquot was immediately placed in the  t i t ra t ing  flask 
under carbon dioxide, and the  procedure described by  Paget was fol­
lowed. Sixteen determ inations were made upon samples of the  s tandard  
oil A. T he results are listed in Table 2.

T a b l e  2.

Value o f  the T id h  factor.

T iC h  T O  R E D U C E  O N E  G U A M  
S A M P L E  N O .  O K  A S C A R I D O L E

grams
1 1 . 2 8 8
2  1 . 2 9 0
3  1 . 2 8 7
4  1 . 2 8 5
5  1 . 3 0 5
( i  1 . 2 9 4
7  1 . 2 8 1
8  1 . 2 9 8
9  1 . 2 0 4

1 0  1 . 2 7 1
1 1  1 . 2 7 7
1 2  1 . 2 9 2
1 3  1 . 2 8 4
1 4  1 . 2 7 5
1 5  1 . 2 8 2
1 0  1 . 2 7 7

Average Factor 1.284
Paget Factor 1 .277

Difl’erence 0 .007

Table 2 gives the  num ber of grams of t i tanous trichloride required  to 
reduce one gram of the  s tandard  oil A used in establishing the  value of 
the  Paget factor. T he  m inim um  value was 1.264, the  m axim um  1.305. 
T he  average is 1.284, which checks within 0.007 of the  P ag e t  factor; 
the  varia tion  is doubtless due to  the  difference in the  s treng th  of the  
hydrochloric acid used by  the  au tho r  of the  m ethod  and  th a t  used in 
preparing the  solution for these studies.
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COM PARISON OF NELSO N AN D PAG ET M ETHODS.

The factor value in the  P age t  m ethod  having been established, a t te n ­
tion  was directed to  the  accuracy of the  Nelson and  Paget m ethods in 
determining the  percentage of ascaridole under varying conditions of 
concentration. For this work a quan t i ty  of commercial oil was ob tained 
from E. W. P ickett,  a producer of Carroll C ounty , M ary land . This oil, 
referred to  la te r  as oil B, had  a grav ity  of 0.9840 at 25°C. I t  contained 
88 per cent ascaridole by  the  Nelson solubility assay and 91.78 per cent 
b y  the  Page t  method. This oil was distilled under a pressure of 8-10 
mm., and the  following d a ta  were obtained:

°c.
05-95 349

94-101 538

ve 101 517

T he 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 obta ined  from 
p lants  grown a t  College Park , M ary land ;  FI is a sample obtained from 
Baltimore, and  I, J, and  K  were obta ined  from distillers in Carroll 
County , M ary land .

T he percentage of ascaridole in these oils was determ ined by  the two 
methods, d a ta  for which are listed in Table  3.

T ablk 3.

A scaridole in com m ercial oils.

N E L S O N  P A G E T
O I L  A S S A Y  A S S A Y

per cent. per cent
Group I A 100.00 100.00

E 100.00 100.00

Group II D OS.00 03.19
K 70 0 0  07.81
G 70.00 00 81
II 75 .00  59.95
I 70.00 08.95
K 75 00 74.90

Group III B 88 0 0  91.78
G 35.00 45 49
J 02.00 03 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  w ith  the  greatest care, a n d  based on the  factor 1.284 is 100 per
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cent pure by  the Paget method. Both  of these oils were completely 
soluble in 60 per cent acetic acid, or gave 100 per cent pu ri ty  by  the 
Nelson method. T he remaining oils in this list fall into two classes: 
Oils D, F, G, H, I, K (Group II) ai d B, C and J  (Group I I I ) .  Group I I  
shows a higher percentage of ascaridole by  the  Nelson method th an  by 
th e  Paget assay, and the  reverse is noted in Group I I I .

Paget pointed  out th a t  the Nelson m ethod  is based on the fact th a t  
the  hydrocarbon fraction of chenopodium oil is insoluble in 60 per cent 
acetic acid and th a t  the  ascaridole is miscible with this reagent, b u t  
th a t  ascaridole readily forms ascaridole glycol anhydride by  an  intro- 
molecular change and  that, this p roduct is readily hydra ted  to  form 
ascaridole glycol, bo th  of which are soluble in 60 per cent acetic acid. 
He fu r ther  s ta ted  th a t  he had  found evidence of this change taking place 
by  the  application of either dry  heat or steam.

Since the oils in Group I I  were obtained by the usual m ethod  of steam 
distillation of the herb, it is apparen t th a t  a fraction of the  ascaridole 
would be converted into its tautom eric  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 hea ted  
to 115°C. under vacuum  and then  allowed to  s tand  in clear glass- 
s toppered bottles from February  to M ay, when determ inations were 
again made. Results of this experiment are given in Table  4.

T a b i . k  4 .

A scaridole as shoirn by Panel a n d  N elson methods.

O I L S

Fl ' . hWtl  A ItV M A Y

N e l s o n Pi)S«M. N e l s o n P u g e t

p er  m i l p r r  c*>nl p r r  m i l p e r  m il.

I 7 0  0 0 O S . 97) 7 0 . 0 0 0 7  . 0 9
J t f i O O 0 9 . 0 0 0 2  0 0 0 1 . 2 2  1
k 7 ‘) . 0 0 7 4 . 9 0 7 7) .  0 0 0 9 . 2 7

The slightly lower figures obtained by  the Paget m ethod indicate the 
deterioration  of the  oil due to  intermoleeular change, whereas the same 
values ob tained by  the  Nelson method a t the  end of the experimental 
period showed no deterioration of the oil.

Oils B, C and J, or Group I I I ,  present a little different problem. Here 
a lower percentage of ascaridole is recorded by  the  Nelson m ethod than  
by  the  Paget. Oil C is the  first fraction obtained from the distillation 
of oil B; it consists largely of cymene. W hen the  Nelson m ethod  is 
applied under such conditions, ascaridole and cymene, and ascaridole 
and 60 per cent acetic acid are found to be miscible with one another
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in all proportions, bu t  cymene and (50 per cent acetic' acid are only 
partia lly  miscible. If, therefore, to an oil containing cymene, as is the  
case with American wormseed oil. tit) per cent acetic acid is added, 
ascaridole distributes itself between the  two liquid layers, and two 
conjugate te rnary  solutions, each consisting of ascaridole, cymene and 
acetic acid, are thereby produced. These two solutions are in equilibrium 
with each other, and the composition of each will depend upon the con­
centration  of the three components and the tem pera ture  of the  mixture. 
In  the Nelson method, therefore, the cymene layer should always retain  
some ascaridole, and the  amount Mould depend upon the concentration 
of the cymene in the  oil. It is on this assumption that the  low results 
obtained by the  Nelson method are accounted for in oils B. C and  J.

To verify the  above assumption further, oil E, 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 (>() per cent acetic 
acid and t i t ra te d  100 per cent ascaridole by the Paget method, when 
the factor 1.284 was used. The purest cymene available for these 
studies contained 10.95 per cent ascaridole by the Paget m ethod  and 
7.00 per cent by  the  Nelson assay. This was redistilled until no ascaridole 
was detected  by  either method. Nine samples of these two 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 s tudy  are listed in Table  5.

T A HI ,10 5.
A scar id ole in sanif>!es• adulterated ii'ilh eyrnene.

iMI'l.E iOlltOlt — EKHOIl--
NO. AS MADE NELSON ASSAY NKLSON ASSAY I'ACET ASSAY PAGET ASS.<

p e r  c e n t p e r  cert/ p e r  c e n t p e r  ce n t p e r  c e n t

1 9 .8 6 9 .0 0 S. 7 0 - 9 85 0 . 1 0 -
2 19 .9 8 18 .00 9 . 9 9 - 19 .99 0 .0 5  +
3 29 44 2 4 .0 0 1 8 . 6 0 - 29 62 0 .8 2  +
4 39 .71 3 0 .0 0 2 4 .4 5  - 3 9 .2 6 1 1 0  —
5 4 9 .8 8 3 8 .0 0 2 3 . 9 0 - 50 55 1 .34 +
6 5 9 .7 4 4 6 .0 0 2 3 .0 0  - 5 9 .2 2 0 .8 7  -
7 6 9 .7 8 55 00 1 9 . 7 6 - 68 99 1 .1 3  +
8 7 9 .5 6 7 0 .0 0 1 2 . 1 0 - 79 0 3 0 .0 9  +
9 8 9 .3 4 88 0 0 2 . 0 0 - 88 41 1 .0 5  -

Consideration of the d a ta  in Table 5 shows the accuracy of the Paget 
m ethod  in measuring the  active constituent in chenopodium oil. The 
m axim um  error recorded is within 2 per cent of the exact am ount present. 
T he  percentage deviation by  the  Nelson assay is recorded as 2-24 per 
cent. Repeated  determ inations gave the  same values. The separation 
in every determ ination  was sharp, and the two layers were quite  clear. 
T he  points  of m axim um  and minim um  deviation are shown more clearly 
in the  graph.



342 A S S O C I A T I O N  O F  O F F I C I A L  A G R I C U L T U R A L  C H E M I S T S  [ Vol. XIII, Xo. 3

T he graph  shows the iNielson method to be a three component extrac­
tion phenomenon. T he appearance of two minima in the curve expressing 
the  results is obvious, since 60 per cent acetic acid dissolved completely 
100 per cent ascaridole, and when there is no ascaridole a t  all none can 
be lost; it follows th a t  the  error in the extraction m ust approach zero 
for bo th  very high and very low percentages of ascaridole. The location 
of the  m axim um  error and the  slope of the error curve natu ra lly  depend 
on the slope of the isotherum for the te rnary  system in question.

USSikr',

I

FlCUI’.li 1.
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SUM M ARY.

An examination of the  literature  reveals that a num ber of qualita tive 
and q uan ti ta t ive  m ethods have been proposed for the estim ation of 
ascaridole in oil of chenopodium.

Of the  q uan ti ta t ive  methods, the  Nelson extraction and the  Paget 
reduction m ethods have been studied. A third method, depending on 
the  color reaction between hydrochloric acid and ascaridole, has been 
proposed by  Knaffl-Lenz and Hofmann. Prelim inary studies, not re­
ported, indicate th a t  it  w arran ts  consideration.

Studies confirming the  factor proposed by  Paget in the reduction 
m ethod  reveal th a t  the  exact value of the  factor is dependent upon the 
concentration and quan t i ty  of hydrochloric acid used in preparing the  
t i tanous  chloride solution.

The factor value obtained in these studies with highly purified ascari­
dole Mas 1.284, a value higher by  0.007 than  tha t  proposed by  the  au thor  
of the  reduction method.

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

W hen these m ethods were used on fourteen other oils of varying com­
position, two sets of da ta  were obtained. In  the  first, the  Nelson m ethod 
gave higher results th a n  the  Paget assay; in the second, the  reverse 
was recorded. T he high results obtained in the first group by  the extrac­
tion m ethod  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 m ethod  are accounted for by  the presence of 
p-cymene, the  principal constituent of the  hydrocarbon fraction of 
American wormseed oil. This is confirmed by a series of dilution studies 
w ith  highly purified ascaridole and cymene.

These studies show th a t  the  Paget m ethod  is reliable under the con­
ditions outlined, and th a t  the  Nelson m ethod  is not reliable as an 
indicator of the  percentage of ascaridole contained in an oil. The 
P age t  m ethod  differentiates betMeen 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. A ery small samples 
are required for its use, and it  is accurate within the limits of experi­
m ental error allowable for analytical methods.

REC O M M ENDA TIO NS'.

I t  is recommended—
(1) T h a t  the  t i tan ium  trichloride m ethod  be further studied eollabo- 

ratively.
(2) T h a t  the  Knalfl-Lenz and H ofm ann colorimetric method be 

studied  as a possible ten ta tive  assay.

1 F or rep o rt of S ubcom m ittee  B and  ac tio u  of t he  associa tion , sec T his Journa l. 13. <>(> (1{)30).



Method of Distillation

The methods employed In the distillation of chenopodium 
ambrosioides have been studied In detail by Schimmel and Company (19), 
Sonants (50), WIrth (7), Nelson (10) and Russell (31)* It is the 
opinion that the poor quality of oils obtained from Western plants 
has been due to the faulty distillation methods*

Konants (30) remarked that the oil obtained by Wirth 
from herb grown in Michigan was undoubtedly low in ascaridol© content 
beca’ase of prolonged distillation with low steam pressure* Melson(10) 
found that the amount of decomposition products (as determined by 
fractional distillation) in oils obtained from commercial stills was 
not more than 2.3% If high steam pressures were employed. He 
reoommehded high steam pressures, a warm condenser and a rapid 
distillation.

Russell (50) obtained more oil from a rapid distillation 
with a warm condenser than from a slow distillation with a cold 
condenser. In the former instance the oil was of a superior quality. 
He found no difference In the quality or yield of oil distilled from 
herb at a pressure of from 80 to 100 pounds per square Inch, but 
low gravity oils were obtained at 40 to 60 pounds pressure.

As a result of these studies distillation methods have 
been generally ̂ standardized throughout the production district of 
Maryland. The commercial distiller employs steam pressure of 
approximately 90 to 100 pounds and the average time of distillation 
is from fifteen to thirty minutes. The cured herb is packed tightly
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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 small 
boiler is introduced near the bottom of the retorts and the vapors 
condensed by conducting them through some thirty feet of iron pipe 
placed horizontally in a trough and cooled with running water. The 
condensate is collected in various types of metal barrels of 
approximately fifty gallon capacity* After the barrel is fairly 
well filled* the oil separating out on top, a stopcock at the 
bottom is opened and the water layer, in most Instances, allowed to 
run off at a rate approximately equal to the flow of the distillate 
into the receiver*

Regardless of the mode of handling and the time of setting 
of the distillate, the water layer always contains a quantity of 
oil which if not recovered by the addition of salt, thereby 
increasing the gravity of the aqueous fraction and affecting a 
further separation of the oil and water, an appreciable quantity 
of valuable oil is lost*

Recovery of Oil by Distillation

A survey of the wormseed district of Maryland revealed 
that only a few distillers were making an effort to separate the 
oil from the emulsion that is drawn from the distillate reservoirs* 
Three of the stills in the district, however, are equipped so that 
a recovery of the oil lost in the waste liquor may be affected*
In these stills the aqueous layer is collected and returned by 
means of a steam siphon to a retort and redistilled* An appreciable
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amount of oil is secured from the waste liquor as is 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* Representative samples of this herb by distillationn
method assayed 1*08 percent asoarldole, giving a total of 39.84 
pounds of asoarldole available for recovery. Distillation of the 
herb gave 44 pounds of oil that assayed 65 percent equivalent to 
29 pounds of asoarldole* The waste liquor was then steam distilled 
and an additional 7 pounds of oil were recovered assaying 86 
percent asoarldole equivalent to 6 pounds of asoarldole or a total of 
51 pounds of oil recovered containing 35 pounds of asoarldole* 
Analysis showed the herb to contain 39.84 pounds of asoarldole,
35 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 ( ).

Founds of Herb Distillation

3690

Total

Distillation of 
herb

Distillation of 
liquor

Founds of 
oil Re­covered

44

7

51

Percent of Asoarldole In Oil
65.

85*

67.74

Pounds of 
Asoarldole Recovered

Pounds of Asoarldole in Herb by Analysis 
Efficiency of still 34.55 ; 39.84 »

28*60

5*95

34*55
39.84
86.7#
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The above table shows that by distilling the waste liquor 
the yield of oil is increased from 44 to 51 pounds making 
available 54*55 pounds of asoarldole reoovered against 28*60 
pounds obtained from a single distillation, or an increase in the 
reoovered asoarldole of 15 percent* The cost of the distillation 
of the waste liquor is comparatively nothing after the initial 
equipment is Installed* In one plant this was done at a cost not 
exceeding one hundred dollars*

A point of interest in the above table is the high percentage 
of asoarldole in the seven pounds of oil obtained by distilling 
the waste liquor* As shown the first oil obtained assayed 65 
percent of asoarldole and the second 85 percent* The difference 
In the asoarldole content of the two oils Is due to the solubility 
of the active constituent In water over that of the hydrocarbon 
fraction* Pauly { ) has shown that the solubility of asoarldole 
in water to be *5 grams per 100 cc*

In support of the above findings a number of stills in the 
district were visited and samples of oil and the discarded aqueous 
layer were obtained for examination* The results in Table ( ) 
are expressed in terms of percent of asoarldole found*
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Table ( )
Percent of Asoarldole in Oils obtained from and second distillation

first

Year Still Oil from 1st distillation
Water layer 
from 1st distillation

Oil from 
second distillation

1928 A 65.0 .30 86.0
1931 A - - 95.0
1930 B 81.0 *51 99.7
1931 C - - 98.0

1931 C - - 96*2
1929 D 77.0 .26 -
1929 B 78.0 • 36 -
1929 F 64*0 .50 m

Stills A, B and C of the above table are equipped for 
distillation of the waste liquor, or water fraction after the 
oil from the initial d.istillation of the herb had been removed*
It is significant to note the high quality of oil obtained* Munch 
and Reindollar ( ) have remarked upon the high quality of certain 
oils obtained from the Maryland district % and Pauly ( ) found that 
practically pure asoarldole was obtained by redistillation of waste 
liquors from the distillation of the herb*

Stills D, E and F of the above table were not equipped for 
redistillation* Examination of the waste liquor shows an average 
loss of *5 pounds of ascaridole for each 100 pounds of waste liquor 
not redistilled* This emphasise® the value of redlstillation to



obtain not only a blgh quality oil but an inerea&e in the total 
oil recovered by fifteen percent*



I
Testa on the Efficiency of Stills.

Many inv@stigat.org have studied the process of steam distilla­
tion in an effort to improve the quality and yield of the oil. ob­
tained, As a result of the se studies together with the observation s 
of the commercial distillers the process of distillation is fairly 
uniform through out the producing district. Steam pressures of from
ninety to a hundred pounds per square inch are used and the conden -

QkX€aora kept fairly warm.
There is, hovrever, a loss of oil in the discarded waste wa ter • 

from the receiving barrels , a fact recognized by several of the
C Y Ldistillers in the district. As prev iously mentioned, a few stills

a recovery of some oil is mao® by redistillation of this waste liquor.
An investigation was made to determine the amount of ascaridole lost
in the waste water of several commercial stills and to find the
efficiency of one of t&@ more advanced types of stills .

Composite samples of waste liquor $ from five stills in Carroll
County were analyzed for ascaridole. Two of the stills(A and B) were
equipped for redistillation and samples of the waste water after the
second distillation were also assayed. The data appears in table ( )

Amount of ascaridole K%~) in
Still laste irom 1 at^ distlllation later from 2nd, dlsti11a tion
A “0.34" ' 0.2 6B .51 .31
C .26
D .36
3 .30

mailto:inv@stigat.org


Sine® a considerable volume of vrater is di scarded after the first
distillation these data show that there is an appreciable loss of
ascaridole in the waste liquor. The rather high values for the amount 6f
ascaridole in the final -waste for stil s A and B do not represent such
a great loss since the volume of discarded liquor in this instance is 
mu c h s ma11e r tha n t. hat from the original distillation.

Most of these values approximate the solubility of ascaridole in sr 
water as determined by Pauley and this fact suggests that little 
improvement can be made in the method of separation. The advantage df 
red! stlllation is ahovm more clearly in the following experiment in 
•which a known weight of cured plant material was steam distilled , 
the oil separated and analyzed for ascaridole. The waste liquor was 
also analyzed then redistilled. The oil recovered by redistillationI icji/or

and the final waste was likewise assayed. Having determined the weightA
of the separated oil and the waste water in each instance, the amount of 
scaridole present was computed.in terms of pounds. The data appears 
n table ( ).

Amount of ascsridole (lbs. ) in
Amount of
herb libs.) D i stilla tion Separated_011 hater layer____

3690 first 29 15
second  6__ 5

From the data in the above table the actual amount of aaccri&ofce 
available in the herb can be determined by two methods. By the first,the 
amount of ascaridole in the separated oil after the first distillation 
29 lbs.) plus the amount found in the water layer(15 lbs.) would be 
qual to 44 pounds , representinf the tot-a 1 amount of ascaridole availble 
n the plants. By r. the second method the total amount of ascaridole _ . t
®covered by both distillations (35 lbs. ) plus the amount in the waste 
ftsr the second distillation (5) pounds youId be equal to 40 pounds.



Tii® most likely errorin the first method was in the determination of
the vralght of the waste liquor which was calculated from an estimated

in the: sec&*'\ A nsc f h a d 
volume. An appreciable error vras likely du© to deterioation of the as -
caridole during redi 3 filiation .

The efficiency was calculated on the basis of the average of the 
above t.,c values for the amount of ascaridole present ( b ;  and
the amount actually recovered^ 35 lbs.) and vrrc equal to 83%. The efficiency 
of ths single distillation process based on the average value for the 
ascaridole pre cent and th-.e amount recovered from the fir st di cibillation 
(29 lbs.) was 69%.

An additional check of the efficiency of the still wa a made 
by distilling a repre sent&tivc sample of the herb used in the above ex­
periment In a small laboratory still and analysing the distillate fo* 
ascaridole . The assay showed the plant to contain 1.08% ascaridole, 
which multiplied by the weight of the herb used in the large still 
( 3 6 9 0 lb 3 . ) would indicate that 40 pounds, of ascaridole were available 
in the herb. The efficiency of the still was then found to be 81%.

Besides th© economy effected b7 the redistillation process
as shown by the above experiments, the fact that a superior quality

Df oil is obtained adds to its value. This was noted by Hunch and
leindollar in 1931 and by the present authors at about the same time.
Three samples of redistilled oil collected in 1930 and 1931 from dif~
Terent 3tills(r®9pectiv«ly ■, assayed^95.0/6, 99-7% and 98%. ascaridole.
The significance of this phase of the redistillation process will be 
liacuas®d later.



The 0̂ .1 Extraction Process 

f>team distillation has always been employed as the method of
( ifxtraction of oil from the plants. The original 'pot still consisted 

f an Iron kettle set over a firebox. The top was fitted with a soap ston^ 
ver with a hole in the center over which a soap stone cap was placed. I 
e cap was connected to a horizontal condenser consisting of a. series of 
on pipes forming a coil.

The herb was placed in the pot together with water and steam ~ r 
rated by heating the pot extracted the oil from the plants. The vapors 
e condensed in the coil which was cooled by running water and the 
atlllate collected in champagne bottles. Vftien the bottles were filldd 
e contents were poured into barrels and the oil skimmed from the top 
e capacity of these stills was about three pounds of oil per day from 
ch pot.

This type of still ha a been entirely displaced by the modern &
■‘I

am still introduced by the Kies brothers of nea.r V/estminister in 1908 
herb is tightly packed in iron retorts of from two to four hundred 

nds capacity. Hinged iron covers balanced by counter weights are clampied 
urely by means of wing bolts and steam generated by a vertical steam 
ler Is introduced near the bcttem of the retort. The vapors are 
ducted through some thirty feet of iron pipes placed horizontally In 
rough and cooled with running water.

The condensed vapors are collected from the endjbf the condense*- 
es in various types of metal containers, in most of these receivers th? 
uid first strikes a metal shelf which prevents agitation of the separater(. 
L layer. 7?hen the container, which is usually of fifty gallon capacity, 
nearly filled, a faucet at the bcttern is opened and the vrater layer



permitted to run off at a rat® approximately equal to the flow of 
distillate into the receiver. At least three of the stills in the 
district ,however, are so equipped that a recovery of the oil present 
in the waste liquor is effected. In these stills the water layer is 
collected in a sunken r e v o i r  and returned to a retort by means of 
a steam siphon^ for redistillation. An appreciable amount of oil is 
recovered from this wa3te liquor as will be shown later.

Distillation is complete when the distillate from the ends of the 
condensor pipes is practically free. of oil drops. The time of distilla­
tion varies from fifteen to thirty minutes according to the quality of
the herb, tightness of packing and steam pressures employed. The oil

f  / / / e ,*'• c 1is drawn off from the receiver, and allowed to stand in a smaller 
container for some time thus permitting, more ne, tsr to separate and 
finally poured into tin cans for shipment.

The waste herb is removed from the retorts b^ chain slings 
and placed in stacks for future removal.

There are today about thirty stills of this type in operation 
in Carroll County. Producers who do not own a still pay from thirty - 
five to fifty cents per pound of oil obtained to have their herb 
di stilled.


