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cient predominates in okra seed oil, thus giving a 
lower calculated value for linoleic acid. At present 
it is impossible to say which is the correct assumption. 
However, the evidence seems to favor the belief that  
a position isomerism, instead of a cis-trans type, exists 
in the linoleic acid of okraseed oil. 

So far  as is known the natural  occurrence of an 
isomer of linoleic acid which will not isomerize to tile 
conjugated position when heated with alkali in the 
manner  described above has not been reported before. 
Edwards and Miller (3) have mentioned a similar dis- 
crepancy between the values obtained on okraseed oil 
by the spectrophotometric method and those obtained 
by other accepted methods of analysis, but  no data 
are given. Similar discrepancies have been obtained 
by other investigators during spectrophotometric 
studies on scsameseed oil. Such an isomer, 9,15-1inoleic 
acid, has been postulated as being present in reverted 
hydrogenated soybean and linseed oils and is believed 
to arise from the part ial  hydrogenation of the lino- 
linate fractions of these oils. The natural  occurrence 
of this, or a similar isomer with isolated double bonds, 
is entirely a reasonable possibility and is strongly in- 
dicated by our observations on okrasced oil. 

We are continuing our investigations on the fa t ty  
acid composition of okrasecd oil for the purpose of 
proving or disproving the presence of such a linoleic 
acid isomer in this oil and to positively identify the 
other unsaturated acids accounting for the amount 
of iodine absorbed. 

I f  such an isomer occurs natural ly  in oils, it may 
place limits on the applicabili ty of the spectrophoto- 
metric method of fat  analysis or may necessitate modi- 
fications in the presently accepted technique. 

Summary  and Conclusions 
0kraseed have been analyzed for their  principal 

constituents. The characteristics of the oil have been 

determined, and it has been analyzed to determine its 
fa t ty  acid composition. Characteristics of the oil as 
determined in this laboratory agree well with values 
previously reported by other investigators. However, 
our study of the oil components shows a considerably 
different fa t ty  acid composition from that recorded in 
the l i terature.  Myristic acid is reported present for  
the first time, and the possible presence of palmitoleie 
acid is indicated. The amount of linoleie acid deter- 
mined spectrophotometrically does not agree with the 
percentage arr ived at by  other accepted methods of 
analysis. Evidence exists which suggests the presence 
of an isolated double bond isomer of linoleie acid in 
okraseed oil. Fu r the r  work is in progress. 

Okraseed can be produced in sufficient yields to 
make it a profitable oilseed crop (3). The oil is suit- 
able for edible purposes, part icular ly when hydroge- 
nated and used in shortening or margarine manufac- 
ture (3). Extrac ted  okraseed meal should be a desir- 
able protein rich food, being somewhat richer in 
protein than cottonseed and is not known to be toxic. 
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Micro-Methods in Lipide Chemistry 
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M O S T  of the methods of lipide chemistry have 
generally been applied to large samples of ma- 
terial and very  little attention has been centered 

on micro-analysis. Techniques for the analysis of 
small samples of lipides have distinct and definite 
purposes in biology. In  the analysis of small bio- 
logical samples it  is impossible to use classical lipide 
methods since these determinations require much more 
material than can often be obtained from a biological 
sample. Recently there has been considerable litera- 
ture stressing the micro-analysis of lipides and their  
component parts. Due to the fact that  this is the 
case and that  the l i terature concerning these micro- 
analyses is widely scattered, it was felt  that this is 
an opportune time to review the present status of 
the l i terature and to point out the way in which 
soma of these analyses can be applied to biology. 

* Present address: Department  of Pathology, Long Island College of 
Mediaine, Brooklyn, New York. 

Thr author would liko to acknowledge the assistance extended by W. 
O. Landberg  and O, P, Barnum in the preparation of this manuscript.  

This discussion will include the micro-analysis of 
main categories of lipide substances, the analysis of 
their component parts, and finally the analysis and 
deternfination of fa t ty  acids. 

Reviews which take up this work in par t  have been 
presented by Piskur ( l )  and Thannhauser  (2). 

Extract ion 
Stetten (3) has devised a liquid-liquid extractor 

which can be used for samples of about 10 mgms. 
ill size and utilizes the principles employed in the 
Soxhlet extractor. Stetten employed this micro-ex- 
t ractor  for various fa t ty  acids and obtained complete 
extraction, in most cases, in three hours. The appara- 
tus was applied, in this laboratory,  to re-extract an 
alcohol-ether extract  of lipide with petroleum ethei 
(boiling point 30~176 Complete extraction win, 
obtained in approximately two hours. 

Bloor (4) has suggested a procedure for the extrae. 
tiou of approximately 50 mgms. of sample as follows 
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the sample is poured in a fine stream (this extraction 
obviously can be utilized only for fluids or tissue sus- 
pensions) into a flask containing Bloor's mixture (3 
parts  95% alcohol to 1 par t  of peroxide-free ethyl 
ether) .  The sample is boiled in Bloor's solution for 
about 10 minutes during which time a watch glass is 
placed on the top of the flask to keep the air out and 
to retain an atmosphere of alcohol and /o r  ether in 
the flask. After  this extraction the alcohol-ether is 
evaporated down to almost dryness and the sample 
is re-extracted with petroleum ether. The petrolemn 
ether can then be placed in a receptacle such as a 
tared 10-nil. volumetric flask and the weight of the 
lipide can be obtained af ter  evaporation of the sol- 
vent under  reduced pressure. 

A micro-method for the extraction of fa t ty  acids 
from one rag. of tissue has been presented by Schmidt- 
Nielsen (5). The tissue is t reated with alcoholic K O H  
at 80~176 for about two minutes in an ampulla, 
af ter  which time 20/zl of toluene are added to extract  
the unsaponifiahle fraction, and then the ampulla is 
sealed. The ampulla is centrifuged and the toluene 
is decanted. The soaps formed are acidified with 2.5 
gl of a 5 N HC1 and the fa t ty  acids so obtained are 
extracted with 20 gl of toluene. Although in this 
procedure 1 mg. of tissue is utilized, a disadvantage 
exists in that  special equipment is required for the ex- 
traction, i.e., micro-burettes, ampullae, and a micro- 
centrifuge. 

Fats  
The tr iglyeeryl  radical is the most distinctive con- 

st i tuent found universally in all natural  fa t  mole- 
cules. Fa t  can be separated from the phospholipide 
by precipitat ing the phospholipides with acetone from 
alcohol, and the glycerol in the alcohol soluble portion 
can be determined. Through the determination of the 
glyeerol portion of a fa t  an approximation of the 
amount of fat  present can be obtained. 

Glycerol can be determined by  saponifying the fat, 
acidifying, and extracting the fa t ty  acids f rom the 
aqueous phase with an appropriate  organic solvent. 
The glycerol remains in the aqueous phase. I t  is pos- 
sible with Bloor's method (6) to obtain an approxi- 
mation of the amount of glycerol present by  the use 
of chromate oxidation. 

A s p e e t r o p h o t o m e t r i c  method was reported by 
Whyte  (7) which can be used in the determination of 
1,100-1,800 mgm. of glycerol per liter at a wave 
length of 630 mg. The basis of this method is in the 
fact that  glycerol forms a blue color when it is in the 
form of sodium eupriglyeerol. In this method Whyte  
works with approximately 120-170 rag. of glycerol per 
100 ml. Since there is now a micro-adapter for  the 
Beckman quartz spectrophotometer (8) the volume 
can be decreased to 1 ml. in order that  1.20 to 1.70 
mgms. of glycerol can be determined. There is also 
the possibility that  this type of complex has a higher 
absorption in the ultra-violet spectrum which may 
aid in the use of smaller samples than the amounts 
cited. 

Blix (9) and Voris (10) have reported methods for 
the estimation of neutral  fa t  by  deternfining glycerol 
oxidatively. These methods were successfully used on 
5-20 mg. of fat. 

Phospholipides 
This major  group of lipides is ahnost equally as im- 

por tant  as triglyeerides. The phospholipides lecithin, 
cephalin, and sphingomyelin are essentially the same 

as far  as their ehenfical nlakeup is concerned. Prob- 
ably the only chemical differences exist in the types 
of organic bases present and in the con.stituent fa t ty  
acids. On the basis of solubility the phospholipides 
can be part ial ly separated from eaeh other, but  since 
no gravimetrie micro-methods are being considered 
in this discussion, the identification of the various 
phospholipides is based pr imari ly  on the identifica- 
tion of their organic bases, lit is also possible to 
determiue phospholipides b y  utilizing the Fiske and 
SubbaRow method for phosphorus (11) which re- 
quires 12 micrograms of phosphorus, or the Ma- 
Zuzaga (12) micro-Kjeldahl which utilizes 50 micro- 
grains of nitrogen for the deternfination. 

The phospholipides which are most , o m m o n l y  
found in nature are the leeithins and the cephalins. 
Lecithin contains the organic base choline, and it is 
by the determination of this substance that  the 
anmunt of lecithin can be estimated. Glick (13) 
presented a method in which the choline is precipi- 
tated by Reineeke salt from a solution which is made 
just  acidic to a 1% alcoholic solution of thymol- 
phthalein, with glacial acetic acid. The precipitate 
is then collected on a sintered-glass fmmel, washed 
with n-propanol, and fiirally dissolved in acetone and 
read at 526 rag. By reading at this wave length it is 
possible to estimate as low as 1 rag. of choline. Winz- 
ler (14) showed that  the Reineeke-eholine eoniplex 
also has a maxinmm absorption at 327 m~ and since 
the absorption coefficient was very high, as little as 
100 micro-grams could be estimated with ease. It  is 
possible by the use of small volumes to estimate as 
little as 20 micrograms of the choline reineekate. 
Since lecithin is the only phospholipide besides sphin- 
gomyelin which contains choline, it is possible to 
obtain a fair ly good estimate of the amount of leci- 
thin present by  the use of the methods outlined by 
Schmidt el al. (15). Sehmidt indicated that the phos- 
phorus of monoaminophosphatides is or can be iuade 
acid soluble whereas that of sphingomyelin cannot 
be made acid soluble. I f  the lipide or plmspholipide 
extract  is treated with the N KOII  first, and then 
with an excess of ItC1 and triehloraeetic acid. the 
phosphorus from the nmnoanfinophosphatides will be 
in the acid filtrate. Data on mixtures of phospholipide 
are presented to prove this point and the results agree 
within 3%. Thus the acid soluble phosphorus can be 
determined and subtracted from the total phosphorus 
to obtain an estimate of sphingomyelin. I t  is possible 
then to subtract  from the total choline determination 
the amount of choline due to sphingomyelin, and the 
remaining choline is then equal to the amount of 
choline contr ibuted by  lecithin. Prom the choline an 
estimation of lecithin can be obtained. Thus it is 
possible to subtract  f rom the acid soluble phosphorus 
that  phosphorus contributed by lecithin. The remain- 
ing phosphorus is that eontr ibuted by  cephalin. In  a 
recent article by Burmastcr  (16) a nficro-method is 
presented for the determination of serine and ethan- 
olanfine. This method utilizes the fact that  the nitro- 
gen in serine and ethanolanfine is of an alpha amino 
type whereas that of choline is ammonium in nature. 
A micro-diffusion apparatus  was constructed accord- 
ing to the directions of Bandemer and Sehaible (17). 
The amino nitrogen is released through the action of 
periodic acid and is eolleeted in .005 N ItC1. With 
this method approximately 0.05-0.300 mgms. of amino 
nitrogen resulting from serine or ethanolamine can 
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be determined. The serine nitrogen may be deter- 
mined by making use of the n inhydr in  reaction and 
the e thanolamine nitrogen obtained by difference. 
Thus various eephalins can be separated through the 
determination of the amino nitrogen. Burmaster  cites 
an experiment in which he adds lecithin and recovers 
little if any of the choline llitrogen. 

Glycolipides 
A class of compound lipides which have been little 

studied as far  as methodology is concerned are the 
glyeolipides even though their  appearance is observed 
in many pathologic conditions. 

Probably  the composite method as presented by 
Macy (18) is the simplest. In this, 2.8 rag. or less of 
cerebrosides are treated and emulsified with alkyl su]. 
fate and hydrochloric acid. The enmlsion is neutral- 
ized with NaOH to chlorophenol red. The samples are 
then treated with zinc sulfate, filtered, oxidized with 
ferrieyanide,  and t i t ra ted with eerie sulfate. Ei ther  
alkali fast erie green or phenanthroline ferrous com- 
plex is used as an indicator. Galaetosc is thus deter- 
mined and Macy reports that  the factor for galactose 
is constant over the range of 0.1-0.6 rag. The factor 
f rom 33 determinations is .147 rag. per ml. of eerie 
sulfate. Cercbroside is calculated from the equation 
of 4.55 )< 0.147 ( A - B ) - - ( C - D )  in milligrams. In 
the previous equation A, B, C, and D are respectively 
the volumes of .003 N eerie sulfate solution required 
to t i t rate  the hydrolyzed lipide sample, hydrolyzed 
blank, unhydrolyzed lipide sample, and the unhydro-  
lyzed blank. The factor 4.55 is based on the assump- 
tion that  there are equal amounts of phrenasin and 
kerasin present. 

Sterols 
Sterols, prinmrily cholesterol and cholesterol esters, 

are found in various tissues and have been studied 
for many years. 

Hun te r  (19) reports studies using the Kelsey (20) 
and the Sehoenheimer and Sperry  (21) methods. 
Both of these methods combine the principles of 
the Liebermann-Burchard  color reaction and the 
Windaus digitonin precipitation. 

Hunte r  found that  the Kelsey niethod resulted in 
erratic results and therefore devised a modification of 
the Schoenheimer and Sper ry  method. The digitonide 
procedure consisted essentially of the Schoenheimer 
and Sper ry  method except that it was adapted to the 
Evelyn Photoelectrometer. Lipide was t reated with 2 
ml. of acetone-alcohol and 0.4 per cent digitonin. The 
precipitate was spun down, washed, and dried. Gla- 
cial acetic acid was added and the color developed. 
The colorimeter tubes were then stoppered, placed at 
16~ and kept in the dark. After  50 minutes the 
intensity of the color which developed was read in the 
Evelyn using the 620 mg filter. This method requires 
1.0-0.1 rag. of cholesterol. 

Saifer (22) has modified the Liebermann-Burchard 
method so that  it could be used as a photometric de- 
termination of total cholesterol. The main advantage 
to this method is that  all the water is removed from 
the sample of plasma when it is heated with acetic 
anhydridedioxane (3:2 by  volume) in a boiling water 
bath for 30 minutes. Dioxane-acetic anhydride simul- 
taneously extracts cholesterol and cholesterol esters, 
precipitates protein, and converts water into acetic 
acid. Saifer emphasizes that if all the water present 
is not removed, low values will be obtained. 

Fatty Acids 
Probably the most interesting constituents of lipides 

are the fa t ty  acids for  they endow the lipides with a 
wide variety of characteristics. 

Many micro-methods for the determination of total 
fa t ty  acids have been devised in tile past 25 years. 
t)romiJJent among these i~ Bloor'~ method of chromate 
oxidation (23) which recently has been supplanted 
by a colorinmtric metl,od (24) and by other colori- 
metric and t i t rametric methods which will be dis- 
cussed briefly. 

Bloor's eolorimetric method (24) consists of react- 
ing 0.1-0.9 rag. of cholesterol of fa t ty  acid with a con- 
centrated sulfuric acid solution of silver dichromate. 
In a specially built  colorimeter the disappearance of 
the dichronlate coh)r can be measured when the sam- 
ple is read against the full color of dichromate as a 
blank. After  the addition of potassium iodide these 
samples can also be t i t rated with thiosulfate with 
~tarch as an indicator. 

Another colorimetric determination of fa t ty  acids in 
tile range of 0.05-1.0 rag. is that proposed by Ifill 
(25). In this method an ester is warmed with hy- 
droxylamine in an alkaline medium to form hydrox- 
amic acid which with ferric iron forms a bright  red 
or lavender color. F a t t y  acids do not fomn hydrox- 
amie acid directly but  nmst f r s t  be esterified to a 
methyl ester with methanol. The red color developed 
from the reaction of ferric iron with the hydroxamic 
acid can be read at a wave length of 520 m~. 

Other methods for tile determination of fa t ty  acids 
have been reported by Stewart  and White (26) and 
Stoddard and Dru ry  (27). Both of these methods 
utilize the principle of t i t rat ion of free f a t ty  acids 
with alkali and can be used to determine the fa t ty  
acids in 5-60 rags. of fat. 

A unique method in the field of fa t ty  acid deter- 
minations is the one worked out by  Schmidt-Nielsen 
(28). With this determination it is possible to detect 
0.01 mgms. of fa t ty  acid. The fat  to be analyzed is 
saponified in a sealed ampulla with alcoholic KOt[.  
After  saponification the ampulla is opened, acidifica- 
tion is accomplished with IIC1, toluene is added, and 
the ampulla is resealed. The ampulla is then centri- 
fuged, and an aliquot of toluene is pipetted off for  
t i tration. Evaporat ion of the toluene is accomplished 
at about 30 ram. Hg. During the t i t rat ion the sample 
is protected from CO2 with a micro-desiccator con- 
taining soda lime. Tetramethylammonimn hydroxide 
in alcohol is used as the base instead of NaOH since 
NaOH deposits minute crystals of carbonates on the 
walls of the micro-burettes. The carbonates of the 
(CH~)~NH4OH are soluble in alcohol so these car- 
bonates are removed from the walls of the micro- 
burettes during the ti tration. 

Once having isolated the fa t ty  acids and having 
determined the amount of f a t ty  acids, a few other 
lipide constants such as the iodine value and the 
saponification value can be determined on a micro- 
level. 

Yasuda (29) modified the Rosenmund-Kuhnheml 
iodine value for the determination of 3-5 mgms. of 
fa t ty  acid. Theoretical values were obtained for cho- 
lesterol and slightly lower values for the more highly 
unsaturated fa t ty  acids. Kretchmcr (30) by the use 
of micro-techniques was able to measure the iodine 
value of .01-0.10 mgms. of fa t ty  acid with a modifi- 
~'ation of tile Rosennmnd-Kuhnhenn method. The 
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iodine vahles obtained compared favorab ly  with those 
determined by  the Wijs  method. Schmidt-Nielsen 
(31) adapted  the K a u f m a n  method to 0.01 mgms. of 
f a t ty  acid. There is little evaporat ion of the lipide 
solvent dur ing the t i t ra t ion since cellosolve, which has 
a low vapor  pressure, is used. Schmidt-Nielsen uti- 
lized various micro-techniques and  micro-appara tus  

f o r  the measurement  of the iodine addition. 
Marcali  (32) has repor ted a micro-saponification 

number  method which is essentially an adaptat ion of 
a semimicro saponification number  method reported 
by  Chargaff (33). Actual ly  Marcal i ' s  method does 
not use quantit ies as small as most of the other meth- 
ods that  have been discussed. For  this determinat ion 
quantit ies of the order of magni tude of 1 to 100 
milligrmns were used. In  the lower par t  of this 
range Marcali  uses a double indicator and a micro- 
meter  buret .  The double indicator technique consists 
of first t i t ra t ing to the disappearance of the pink 
color of phenolphthalein and then continuing the 
t i t ra t ion until  the green end point of bromophenol 
blue. 

Beadle (34) recently reported the advantages ill 
the use of spectroscopic nlethods in the deternlination 
of f a t ty  acids that  may be treated to form conjugated 
double bond systems. Cohodas (35) has reported that  
it is possible to cook 0.5 to 1.0 nlilligrams of f a t ty  
acid in alkali and examine spectrophotometrical ly the 
acids so conjugated. Briefly, t h e  method consists of 
cooking the f a t t y  acids in 6% K O H  at 180~ in 
nickle crucibles for fifteen minutes. At  the end of 
this time the samples are removed, made up to a vol- 
ume of 10 ml. with water,  and examined in the Beck 
man Quartz spectr(;photometer at 235 mt~, 275 mt~, 315 
mt~, and 350 m~. In  this method no evaluation could 
be obtained for  the pentaene a n d  higher unsa tura ted  
systems since no acids higher than arachidonie acid 
were available for the determination of the necessary 
analytical  constants. F rom ultra-violet  examination. 
of the conjugated nmterials the concentration of un- 
saturated" f a t ty  acids containing either two, three, m" 
four  double bonds can be calculated as follows (34, 
36) : 

j.) - - - -  E~3050 

E ' 3 0 5 0  
• 100 = 9 4 -bond  f a t t y  a c i d s  

I E~3050 . E~2725 (4)  1 
2.) E ~ 2 7 2 5 -  --E~305~- ~ -  

E~2725 (3 )  

X 100 = % 3-bond  f a t t y  ac ids .  

I E~2725 _ _  . E~2350 (4 )  1 3.) E ~ 2350 . . . .  E~2350 (3 )  -t EX3050 
E~2725 E ' 3 0 5 0  

E~2350 (2 )  

X 100 - -  % 2 b o n d  f a t t y  ac ids .  

E x = absorption coefficient at a noted wave length for the unknown. 
E s ~--- absorption coefficient at  the noted wave length for the standard. 
(2), (3),  and (4) signifies the number of donble bonds. 

After  calculating the 2-, 3-, and 4-double bond 
acids, it is a simple mat te r  to combine these data with 
the iodine value and thus obtain an estimate of 
1-double bond acids. Total unsa tura ted  f a t ty  acids 
can be subtracted f rom 100 to obtain an approxima-  
tion of the sa turated fa t ty  acids. 

Typical Analysis  
A few of the methods discussed above have been 

applied in our laboratory  to analyze small amounts 
of lipides obtained f rom certain liver extracts. In  
order to conserve as much sample as possible and to 
pe r fo rm the methods satisfactorily, it was necessary 
to plan a flow sheet of analysis (Fig.  1). In  this 

Homogenized Liver 

I Extract with alcohol and 
ether (3zl) 

Total Lipide 

Alkalinize and kPhosphorus 

I 
Acidify and  extract 

with 

water Petrole~ ether Fatty acids 

d r y  

I hi~176176 [ 

Chollnea Iodine Ultra 
Value Vlol ~* 

I ' m .  1. A flow shee t  f o r  t he  l i p i d e  a n a l y s i s  of  h o m o g e n i z e d  
l ive r .  

manner,  less than 10 rag. of sample are necessary in 
the complete analysis for all of tile components that  
have been discussed. Most of the lipide sample in 
this analysis was used for  the determination of nitro- 
gen and phosphorus. I f  finer micro methods arc used 
for  the deterlnination of ni trogen and phosphorus, 
much less of the lipide sample is necessary for  this 
port ion of the analysis. 

Summary  
When dealing with biological tissues, it has become 

more and more necessary to deal with small samples. 
The field of lipide analysis on a micro level has been 
reviewed and an example has been given of how a 
small sample of lipide can be analyzed for  its com- 
ponent parts.  
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Application of the line-Width Method to the Spectrochemical 
Analysis of Oils, Fats, and Related Substances 
R. T. O'CONNOR, D. C. HEINZELMAN, and M. E. JEFFERSON, Southern Regional 
Research Laboratory/ New Orleans, ka. 

I N a recent paper (3) the present authors described 
method for the preparation of the ash of oils and 

fats together with a method of spectrochemical an- 
alysis of the ash for traces of certain metallic elements 
having sensitivity of about 2 to 4 parts of individual 
metals per million parts of the fat or oil. However, a 
sensitivity of about 1 part of a metallic trace element 
in 10 million parts of a sample is essential in studies 
on the stability of oils and fats. The present com- 
munication describes a shortened and improved pro- 
cedure for the preparation of ash and the application 
of the newly proposed line-width method (2) for the 
evaluation of the spectrograms. Data are presented 

�9 from critical studies of the sensitivity, precision, and 
accuracy of the procedure for the quantitative deter- 
ruination of copper, iron, manganese, nickel, and tin 
in various types of vegetable oils and fats with a 
sensitivity of about 1 part in 10 million. 

Preparation of Ash 
Wet washing methods, involving the use of mineral 

acids and chemical glassware, were investigated and 
proved unsatisfactory. The recently adopted tentative 
method of the American Oil Chemists' Society for the 
determination of ash in oils and fats (1), in which 
the oil is heated and then ignited on the surface, was 
studied in some detail. As shown in Table 1, use of 
this method for ashing and subsequent determina- 
tion of the trace metals by spectrochemieal analysis 
showed consistently low results in comparison with a 
more adequate ashing procedure. 

The ashing procedure previously proposed (3) was 
reinvestigated for the purpose of simplification and 
increasing the sensitivity. Through the use of the 
line-width method (2) of evaluation of spectrograms 
the incorporation of internal standards into the ash 
is not required. By the elimination of this step the 
over-all time of ashing can be reduced from about 72 
to about 48 hours with the need of less personal 
attention. 

The most obvious means of increasing the sensi- 
tivity is to increase the size of the sample and at the 
same t ime reduce the amount of the magnesium hi- 
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trate used to perform the triple function of ashing- 
aid, carrier, and spectroscopic buffer. The ratio of 
2.5 grams of oij to 1.25 grams of magnesium nitrate 
has been changed to 16.67 granls of oil and 0.50 gram 
of magnesium nitrate, providing approximately a 
twenty-fold increase in this ratio, and permitting the 
quantitative determination to a sensitivity of about 1 
part of metal in 10 million parts of sample. 

The abbreviated ashing procedure follows. A sam- 
ple of exactly 16.67 grains of the oil or fat is accu- 
rately weighed into a 100-ml. ~vcor dish (90 ram. 
across the top) and 0.50 grain of magnesium nitrate 
in alcoholic solution [2 ml. of a solution of 250 grams 
Mg(NO.~)2"6H20 per liter of 95% C2HsOH ] is added. 
The dish is covered with an inverted short-stemmed 
Pyrex funnel, whose maxinmm diameter is less than 
the maximum diameter of the dish. The sanlple is 
heated on a hot plate and the temperature gradually 
and cautiously raised until the maximum temperature 
of the hot plate, approximately 300~ is attained, 
and the heating is continued overnight. The charred 
sample is then ashed in a muffle furnace, with an 
initial temperature of 225 ~ and  increasing in in- 
crements of 25 ~ at 30-minute intervals until a tem- 
perature of 450 ~ is reached. The samples are held 
at this temperature in the muffle furnace overnight 
and then cooled and quantitatively transferred to a 
small mortar with the aid of a camel's hair brush. 
The ash is finely ground and very thoroughly mixed 
and is then ready for the spectrochemieal analysis. 

Spectrochemical Analysis by the Line-Width 
Method 

The s p e c t r o g r a m s  were prepared exactly as de- 
scribed in the earlier paper (3) except that a step- 
sector was no longer required. All the precautions 
previously discussed in detail--such as complete ab- 
sence even of traces of the elements to be determined 
from all reagents, from glassware and from the car- 
bon rods after their preparation and handling, and 
very careful mixing of the prepared ash--must be 
maintained if accurate results are to be obtained. 
Fig. 1 shows the spectrograms of a number of vege- 
table oils photographed on a single plate for evalua- 
tion by the line-width method. As the step-sector, 


