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D 
URING the crop years of 1948 and 1949 and later 
during' 1952, 1953, and 1954 the Commodity Credit 
Corporation acquired large quantities of flaxseed 

under the operations of the Price Support Program. A large 
proportion of this was crushed for linseed oil under CCC 
ownership by privately-owned mills. 

Of the ahnost 590 nfillion pounds of oil owned by CCC 
and crushed nmstlv from the 1948 crop of flaxseed, almost 
500 million pouncls were stored from four to five years. 
This is referred to as "stored oil" in the report, as distin- 
guished from the "fresh oil" produced mostly in 1952, 1953, 
and 1954 from the flaxseed crops of 1952 and 1953 and 
held in storage probably no longer than one year. 

Government Conmmdity Examination Reports were avail- 
able for study covering most of this linseed oil (about 550 
million pounds =) at the time of sale in 1952, 1953, and 195~, 
including some reports on identity-preserved oil prior to 
that time. No reports were available at the time of produc- 
tion o£ any of the oil. 

This project is concerned primarily with an analysis of 
the characteristics reported under federal specifications, 
with particular relation to changes during storage causing 
deterioration in quality which could have influenced the 
market value of the oil. 

Other objectives include the determination of factors 
which could affect the rate of deterioration of the quality 
of the oil because of storage and the economic aspects of 
the decrease in market value because of deterioration with 
relation to other costs of storage. 

Although all oil produced for CCC was required to meet 
Federal Specifications ~ at the time of production, much 
of the stored oil did not meet these specifications at the time 
of sale. All of the oil was sold on world markets, and prices 
received have no relation to a domestic market value that 
might be placed on such oil. Large quantities of the oil 
sold by CCC at that time were sold on an "as is" basis, 
and the specifications did not enter the transactions from 
a price standpoint. 

Industry Evaluations of the Characteristics 
Under Specifications 

A very small percentage o£ raw linseed oil produced 
enters the market as oil not meeting specifications. Esti- 
mates from industry vary from no oil offered for sale (not 
meeting specifications) up to a possible 2 to 3% of the 
total production of all oil during 1957. Fresh oil (up to 
one year in storage) sold by CCC showed about this same 
percentage not meeting specifications; however lots of oil 
stored for periods from four to five years showed larger 
percentages not meeting specifications. 

There are no established methods to place a value on 
oil not meeting specifications. Discounts may vary, depend- 
ing on a variety of conditions from either the buyer's or 
seller's viewpoint. The indust~ T places varying degrees of 
importance on the characteristics causing oil not to meet 
specifications. Their esthnates show that the frequency 
of these characteristics causing "non-spec"' oil is about 
of the following order, from the most frequent occurrence 
as well as the most important, to the least frequent and 

1 P r e s e n t e d  a t  50th a n n u a l  meet ing ,  A m e r i c a n  Oil Chemis t s '  Society, 
Apr i l  21, 1959, New Orleans ,  La .  

2 Inc ludes  some 300 mil l ion p o u n d s  of oil set  as ide for defense  requi re -  
men t s  because  of the  K o r e a n  w a r .  

a Federa.1 S t a n d a r d  S tock  Catalogue,  Sect ion I V  ( P a r ~  5) ,  Fe de r a l  
Specif icat ions  for  oil; Linseed,  l~aw ( for  use  in  O r g a n i c  Coa t ings )  
TT-0-369,  J a n u a r y  28, 1948, p. 2. 

¢ "Non-spec"  oil r e f e r s  to oil no t  m e e t i n g  specifications. 

least important:  heated toots, chilled toots, appearance, 
iodine number, acid number, color, loss on heating, specific 
gravity, unsaponifiable matter, and saponification number. 

All of these characteristics under specifications are com- 
monly tested for in all drying oils, with the exception of 
heated and chilled toots. The methods used in the toots 
tests have been under criticism for many years as not being 
an accurate means of measuring the nonoii constituents in 
linseed oil. The unreliability of the methods for determining 
toots has important economic aspects in view of the 
frequency with which these characteristics are responsible 
for oil not meeting specifications. 

The Quality of Fresh Oil 

Oil Not Meeting Specifications. 0£ the 118 million pounds 
of fresh oil sold by CCC in 1953 and 1954 for which Com- 
modity Examination Reports were available, all but about 
three million pounds met specifications if the lots of oil 
were qualified on the basis of samples taken from individual 
tank cars while being filled from large field tanks. This 
percentage of oil not meeting specifications agrees well 
with the estimates of industry for 1957. This "non-spee" 
oil was caused mostly by excessive amounts of heated and 
chilled toots and an unclear appearance. This also is in 
agreement with the estimates of industry as to the frequency 
with which these characteristics cause fresh oil not to meet 
specifications. 

Variations of Characteristics. During the CCC operations 
ninny tank cars were tested from samples taken at the 
discharge line while loading from large field tanks to the 
tank cars. Tests were made on the samples within a few 
days and usually by the same laboratory. A number of 
the data were identifiable from eight large field tanks. 
The statistical analyses for each of the characteristics (except 
appearance and color) provide coefficients of variation in 
each of the tanks as well as coefficients of variation for all 
the samples on the basis of a common average for each 
characteristic (Table I) .  

On the basis of these data it appears that the two 
tests for toots are far from being as reliable as some of 
the other tests, such as saponification number and iodine 
number. For example, when a number of samples from 
the same souree are tested for chilled toots with an aver- 
age value of 4.0% by volmne (the limit under specifications), 
one out of three samples could test higher than 4.9%. 

The Quality of Stored Oil 

Areas of Storage. Of the some 584 million pounds of 
oil erushed mostly from the 1948 crop of fiaxseed during 
1948, 1949, and 1950 it is estimated that about 490 million 
pounds were held in storage from four to five years. This 
oil was stored in four general areas of the country: a north- 
ern area comprising Minneapolis, St. Paul, Chicago, and 
several of the Great Lakes ports; a western area around 
the ports of Los Angeles and San Francisco; an eastern 
area around Baltimore, Philadelphia, and New York; and 
a southern area, including southeastern Texas and the 
port of New Orleans. 

Specifications were met for all of the some 42 million 
pounds stored in the northern area. Only about 0.3% o£ the 
more than 77 million pounds stored in the western area 
failed to meet specifications. Almost 17% of the almost 312 
million pounds stored in the eastern area failed to meet 
specifications, and all of the about 58 million pounds stored 
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T A B L E  I 
Coefficients of Var i a t ion  of Character is t ics  of Samples Taken f rom E i g h t  Tanks  of Fresh  Linseed Oil 

Tank number  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 ........................................ 
3 ........................................ 
4 ....................................... 
5 ........................................ 
6 ........................................ 
7 ....................................... 
S ........................................ 

Total  
we igh t  
of oil 

sample4  

Samples  
t aken  

P o u n d s  N u m b e r  

1,320,000 
1,589,558 
2,092,962 
1,176,700 
7,442,020 
2,625,710 
1,844,400 
6,255,280 

Heated  
foe~s 

N er  % 

22 11.28 
26 35.41 
34 23.31 
19 0 

118 34.93 
42 24.80 
30 26.26 

102 O 

24.96 

Chilled 
f oo%s 

% 
25.03 
27.21 
28.85 
23.86 
24.38 
23.89 
17.64 
16.62 

22.75 

Coefficients of v a r i a t i o n  

• Saponifi- • 
Acid e i n Iod ine  

~umhe~ n~at~°e~am~ number 

T - T - ~  
16.89 I 0.33 ] 0.84 
13.03 ] .32 .73 
10.74 1 .29 .SO 

4.59 0 .53 
13.24 .22 J .23 

3.99 I .29 .26 
4.59 .22 .22 
6.77 .20 I .43 

/ 
[ 10.30 ~ .24 I .47 

Unsaponi -  I 
fiable i 

_ _ _ m a t t e r  p 

% 
4.45 
4.57 

12,47 
4.45 
5.11 
4.30 
4.74 
4.38 

5.77 

Loss on 
hea t i ng  

% 
14.96 
20.90 
17.09 
22.71 
23.32 
19.69 
14.65 
17.49 

19.82 

Speci fc  
gravity 

% 
0.05 

.06 

.05 

.07 

.03 

.05 

.02 
.05 

All ..................................... 24 ,346,630 393 .05 

All  samples d r a w n  from line while loading  t ank  cars f rom field t anks  and tested by the same laboratory~ general ly  over a per iod of several  days. 
b A measurement  of va r i a t i on  on a compara t ive  basis  (100 times the s t anda rd  devia t ion  d iv ided  by the average) .  

in the southern area was "non-spee." Of the total oil stored, 
ahnost 23% did not meet specifications? 

Oi~ Not Meeting ~pecifications. Of the 42 tanks contain- 
ing all of the stored oil not meeting specifications, three 
tanks were sampled after agitation and the samples repre- 
sented all the oil in the tanks, in the total quantity of almost 
11 million pounds. Of the other 39 tanks, samples were 
taken which represented oil from the balances and bottoms 
of the tanks. ° All of the bottoms representing almost three 
million pounds of oil did not meet specifications, and 31 of 
the balances of these tanks representing over 97 million 
pounds of oil did not meet specifications. 

Of the 73 lots of oil (consisting of three whole tanks, 
39 bottoms, and 31 balances), there were 184 instances 
where characteristics caused failure of the oil to meet speci- 
fications. Thirty-five lots were "non-spec" because of only 
one characteristic beyond tolerance whereas 33 lots were 
"non-spec" because from two to five characteristics were 
beyond tolerance. Two lots were "non-spec" since all 
characteristics except color were beyond tolerance. All 
lots of stored oil (and fresh oil) met specifications for 
color. 

Differences in Fresh and Stored Oil. The causes for oil 
not meeting specifications were quite different in storage 
after four to five years compared to oil that was held in 
storage only up to one year. The fresh oil failed to meet 
specifications mostly because of excessive heated and chilled 
foots with cloudy appearance. The "non-spee" stored oil 
was so classified, nmre because of high acid numbers and 
high unsaponifiable matter: high heated and chilled foots 
and cloudiness were of secondary importance (Table I I ) .  

s F rom related and unpubl i shed  work now in  progress  for the over-all  
projec t  i t  is indica ted  tha t  the rate  of de te r iora t ion  of vegetable oils 
increases wi th  t ime- temperature  and is p ropor t iona l  to a tmospheric  
condit ions.  The average  temperatures  for  the four  areas are approxi- 
mate ly :  nor thern ,  4 8 ° ;  western,  63° ;  eastern,  5 3 ° ;  and southern,  69 ° 
(1958 Weather  B u r e a u  records) .  The greater  p ropor t ion  of "non-spee" 
oil in  the eastern area compared to the western area, where annua l  
average  t empera tu re  is about  10 ° lower, can be accounted for by greater  
va r i a t i ons  in t empera ture  in  the eastern area (pa r t i cu la r ly  in the 
summer  months)  and  by a fa r  grea ter  propor t ion  of the oil s tored in 
smal l  t anks  at  this  location. 

6 After  about  a year in  s torage "fools"  had settled to the bottoms of 
the tanks,  and samples were taken  of the oil in  both the balance and the 
bottoms. 

T A B L E  II 

Comparison of Number  of Samples of F resh  and Stored Linseed Oil Not 
Meet ing Federa l  Specifications, by Character is t ics  a 

F resh  oil Stored oil 

Character is t ic  

Hea ted  foots ................... 
Chilled foots .................... 
Specific g rav i ty  ............... 
Acid number  ................... 
Saponif icat ion number. . .  
I od ine  number  ................ 
Unsaponi f i ab le  mat te r  .... 
L o s s  on hea t ing  .............. 
Appearance .................... 

To~al ......................... 

Sam- 
ples 

No.  

19 
16 

0 
0 
1 
1 
6 
1 

26 

7O 

Propor-  
t ion  of 

' total  
samples 

% 
I 27.1 

22.9 
0 
0 
1.4 
1.4 
8.6 
1.4 

37.2 

100.0 

Proper-  
Samples t ion of 

to ta l  
samples 

No. % 
20 10.7 
14 7.6 

2.2 
44 23.9 

1.1 
13 7.1 
43 23.4 
11 6.0 
33 18.0 

Difference 
s~ored 

from fresh 
oil 

% 
--16.4 
--15.3 
+ 2.2 
423.9 
- -  0.3 
+ 5.7 
+14,8 
+ 5.0 
--19.2 

a F re sh  oil in  s torage one year or less, loeate~ mostly in eastern ar~,a 
of U.S.  and ma:le  from 1952-53  crop of flaxs~.el. S_ored oil in s torage 
from four  to five years, located mostly in eastern anTl southern  areas of 
U.S.  and made mostly f rom 1948 crop of fiaxs~eJ. 

The fresh and stored oils probably came from the same 
general area of the northern fiaxseed belt. The table there- 
fore can be used as an indication of possible changes that 
could occur during storage in the eastern area. These est i-  
mates of changes in the characteristics during storage 
can be made: some decrease in the heated and chilled fools 
(settling improves the bulk of the oil; most of the loots 
are in the bottoms of tanks), increase in acid number, in- 
crease in unsaponifiable matter, some improvement in ap- 
pearance, some decrease in iodine nunlber, and insignificant 
changes in the other characteristics. These estimates are 
confirmed to a great extent where tests are made over a large 
part  of the storage period in the instance of some identity- 
preserved oils. 

Changes During Storage. Although there were a number 
of tanks of oil stored by CCC without commingling or on 
an identity-preserved basis, reports are available through- 
out the greater part  of the storage period for only four 
of these tanks. These were in the southern area. All of the 
oil in these tanks increased in acid number and unsaponi- 
fiahle matter. High acid number was the only cause for the 
oil in a tank, containing abnost four million pounds, not 
meeting specifications and the oil in one of the tanks con- 
taining around 17 million pounds was "non-spec" because 
both acid nunlber over 4 and unsaponifable matter were 
just beyond a tolerance of 1.5%. The oil in the other two 
tanks containing around one-and-a-half million pounds 
each showed all characteristics changed in the botton/s 
(except color) to reject this oil under specifications. How- 
ever only excessive acid number and high unsaponifiable 
matter caused the oil in the balances not to meet specifica- 
tions. There were greater decreases in the quality of the 
oil in the smaller tanks compared to the larger quantities 
(in the larger tanks). 
' Statistical analyses were made of the characteristics in 
each of these four tanks. In the two larger tanks there 
were insignifcant relationships shown between time in 
storage with all the characteristics except acid number and 
unsaponifiable matter. This indicates little change in the 
other characteristics during storage. 

To arrive at the most probable change in characteristics 
of the oil in the two smaller tanks with time of storage, 
characteristics for both tanks were combined statistically 
around a common average for each. Further, to obtain 
characteristics for all the oil in each tank as a lot, char- 
acteristics of the oil in the balance and bottoms were aver- 
aged on a weighted basis (32nd through 53rd months) 
and combined with the characteristics from samples taken 
(between the 10th and 27th months) after the oil was 
previously mixed by agitation (Table I I I ) .  

The changes in quality over the storage period confirm, 
in general, the difference between fresh and stored oil as 
shown in Table I I :  

1) acid number--a nmch higher incidence, causing oil not to 
meet specifications after storage, than incidence in fresh oil; 

2) saponification number--very little difference in stored and 
fresh oils although Table I I I  shows a tendency for this charac- 
teristic to decrease; 

3) iodine number---small decreases with storage (only a few 
bts of oil showed low iodine nunlber to be the cause of "non- 
spec" oil) ; 

4) unsaponifiable matte1~definite increases with storage to 
cause "non-spec ~' oil more often than in fresh oil; 
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TABLE III 

Fac to r s  for  Cor re la t ion  of the  Re la t ionsh ip  B e t w e e n  Specified 
Cha rac t e r i s t i c s  and  T i m e  of S to rage  of L in seed  Oil  a 

i ~/fean I Regress ion  S t a n d a r d  Correla-  
e r r o r  of l i on  C h a r a c t e r i s t i c  b of coefficient e s t imate  coefficient 

_ _  Y ~ b a  _ Sy.~ r 

Acid  n u m b e r  .. . . . . . . . . . . . . . . . . . . . .  I 6 . 2 1 9 7  I 0 . 0 7 2 7  0 . 0 0 4 6  I 0 . 9 4 1 0  
Sapon i f i ca t ign  n u m b e r  ...... 1 9 1 . 5 9 1 7  - - . 0 2 0 4  .0160  I - - . 2 1 2 1  
Iod ine  n u m b e r  .. . . . . . . . . . . . . . . . . .  I 1 7 9 . 0 8 8 9  / - - . 0 5 0 3  .0171  - - . 4 5 4 6  
Unsapon i f i ab le  n l a t t e r  ....... 1 . 4 4 3 6  . 0 0 4 4  ~ .0015  .4502  
Loss  on h e a t i n g  .. . . . . . . . . . . . . . . .  ] . 0972  [ . 0005  /[ 0 . 0006  .1573  
Specific g r a v i t y  .................. k . 9324  / ...... e - - . 5 1 2 7  

a I n  two t a n k s  each ho ld ing  1 , 5 6 4 , 0 0 0  lbs. of oil in  the  Texas  a r e a  
for  53 months .  

b T h e r e  w e r e  i n s ign i f i can t  changes  in  hea ted  and  chil led fools.  
e T h e r e  w e r e  18 samples  t a k e n  f rom each t ank ,  m a k i n g  a to ta l  of 

36  obse rva t ions  w i t h  a m e a n  of 3 3 . 8 8 8 8  in  months .  
o U n i t  change  in  cha r ac t e r i s t i c  w i t h  each mon th  of s torage .  
e - - 0 . 0 0 0 0 3 8 .  

5) loss on heating--very little increase with storage for the 
oil as a whole; however there were increases in the bottoms of 
the tanks while the balance remained quite constant; 

6) specific gravity--only small decreases (only a few lots 
of oil showed specific gravity not within tolerance) ; and 

7) heated and chilled fools (data not shown in the t a b l e ) -  
insignificant relationships shown with time of storage; in spite 
of the large increases of these two characteristics in the bottoms 
of the tanks, the tanks of oil as a whole showed little change 
with storage. 

Conditions Affecting Quality of Stored 0i l  

Ouantity of Oil. Reports were awilable on 30 field tanks 
of oil, totalling ahnost 46 million pounds, after four to 
five years of storage in the eastern area. Tanks varied in 
size from 14 to 55 ft. in diameter and from 21 to 42 ft. in 
height. All were cylindrical. All the tanks were filled to 
capacity. Tests were made on samples both from the balance 
and bottoms of the tanks, and calculations were made to 
show characteristics for total oil. 

The larger quantities of oil after storage showed better 
quality than smaller quantities at this location. The smaller 
quantities of oil had higher acid numbers, both in the oil 
of the balance and bottoms of tanks, than was the case in 
the larger tanks. Although few of the tanks had iodine 
numbers below specifications, either in the bottoms or bal- 
ance oil, there were decreases indicated in this characteristic. 
There was little difference in the loss on heating in the 
balance oil of all tanks, but oil in the bottoms of the larger 
tanks showed large increases over that in the smaller tanks. 
The results of the statistical calculations are shown in 
Table IV. 

Mixing of the oil at the end of the storage period in this 
location for these tanks probably would not have improved 
the market value of all the oil over that of the market values 

T A B L E  IV 

Fac to r s  fo r  Cor re la t ion  of the Re la t ionsh ip  B e t w e e n  Specified Charac-  
t e r i s t i c s  and  Tota l  W e i g h t  of S tored  L inseed  Oil  i n  B a l a n c e ,  

Bottoms,  and  T o t a l  Oil  of T a n k s  a 

Oil  r e p r e  

C h a r a c t e r i s t i c  b sented b] 
SanlplCs 

t a k e n  

Acid n u m b e r  ........... B a l a n c e  
Acid n u m b e r  ... . . . . . . . .  Bot toms 
Acid m l m b e r  ........... To ta l  oil 

Iod ine  n u m b e r  ........ B a l a n c e  
Iod ine  n u m b e r  ........ Bot toms 
I o d i n e  n u m b e r  . . . . . . . .  I To ta l  oil d 

I 
Loss on h e a t i n g  ....... I B a l a n c e  
Loss on h e a t i n g  ....... Bo t toms  
Loss on h e a t i n g  ....... T o t a l  oil d 

Reg re s s ion  Correlat io~ 
I n ~ r c e p t  coefficient coefficient 

a b e r _ _  

4 . 4 3 1 4 ~ - - 0 . 0 0 0 4 4 7 1  - - 0 . 7 5 8 6  
4 .96881  - - . o o o 4 7 s l  - - . 2 0 7 6  
4 . 4 7 7 1 l  - - . 0 0 0 4 6 9 1  - - . 7 9 2 8  

184 .66021  - - . 0 0 2 5 3 5 1  - - . 8 3 2 5  
1 8 2 . 4 2 6 9 1 - - . 0 0 2 3 1 8 1  - - . 4 7 0 4  
1 8 4 . 4 6 8 0 i  - - . 0 0 2 4 1 0 1  - - . 7 9 9 5  

. 1 8 7 7 1 - - . 0 0 0 0 3 0 1  .2171  
.11481 .0002321 .3022  
.14541 --.0000111 

S t a n d a r d  
e r r o r  of  
es t ima te  

Sy.x 

0 . 5 1 4 6  
.7357  
. 4 8 3 4  

2 . 2 0 8 4  
5 . 8 2 9 6  
2 . 4 2 6 5  

. 1 1 4 6  

.9788  
. 1 9 0 8 !  . 0782  

a Samples  t a k e n  of ba l ance  and  bot toms of 30 t a n k s  c o n t a i n i n g  f rom 
about  2 0 0 , 0 0 0  to more  t h a n  4 , 0 0 0 , 0 0 0  lb. of oil, located in  e a s t e rn  
a rea .  All  t a n k s  w e r e  filled to capaci ty ,  and  al l  bottoms were  6 in.  Oil 
in s to rage  fou r  to five years .  

b T h e r e  w e r e  i n s i g n i f i c a n t  r e l a t i onsh ip s  for  hea ted  and  chi l led loots, 
saponi f ica t ion  number ,  unsapon i f i ab le  ma t t e r ,  and  specific g r av i t y .  Color 
met  specif icat ions  in all  t anks .  All  ba lances ,  b u t  only n i n e  bottoms, 
were  c lea r  in  a p p e a r a n c e .  

e U n i t  change  of cha r ac t e r i s t i c  for  every  1 , 0 0 0  lb. of oil. 
d Ca lcu la ted  f rom c h a r a c t e r i s t i c  of ba l ance  and  bottoms on a we igh ted  

basis .  

of the oil in the balance and bottoms, disposed of separately7 
Of the total oil stored at this location, oil in 10 tank bal- 

ances met MI specifications but only two bottoms oil were 
satisfactory. Calculations were nlade by combining on a 
weighted basis the characteristics of the bottoms and bal- 
ances to arrive at a characteristic for all the oil in each 
tank. Appearances cannot be calculated for such mixtures 
(25 tanks were cloudy in the bottoms). I f  it is assumed that 
the mixtures would pass specifications for appearances, only 
the oil in two tanks (so calculated) would have met specifi- 
cations. Although the other 28 tanks would meet specifica- 
tions on this basis for heated fools, chilled foots, saponifi- 
cation number, and specific gravity, the high incidence of 
excessive acid numbers and unsaponifiable matter of the 
oil in the balance, as well as in the bottoms, precludes the 
possibility of upgrading the oil in the bottoms of the tanks 
by mixing. 

Location of Storage. Some of the data previously shown 
in the report provide the means to arrive at an estimate' 
of the changes of quality of the oil when similar quantities 
are stored in two different locations. A comparison can be 
made of storage changes in characteristics between similar 
quantities of oil in the eastern and southern areas at the 
end of the storage period. 

Data from Table I I I  (averages of the two small tanks 
in the southern area, each holding about 1,564,000 pounds 
of oil) are compared to data arrived at through use of 
Table IV for a tank of oil of about this same quantity in 
the eastern area. The results are shown in Table V. 

T A B L E  V 

Compar i son  of Selected C h a r a c t e r i s t i c s  of L in seed  Oil  S tored  in  
New Y o r k  City and  Texas  A r e a s  a 

Loca t ion  New Y o r k  Texas  
C h a r a c t e r i s t i c  i n  Ci ty  

t a n k s  

Acid n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acid n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Loss on hea t i ng  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Loss on hea t i ng  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Saponi f ica t ion  n u m b e r  .. . . . . . . . . . . . . . . . . .  
Saponi f ica t ion  n u m b e r  .. . . . . . . . . . . . . . . . . .  

I o d i n e  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I od ine  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Unsapon i f i ab l e  m a t t e r  .. . . . . . . . . . . . . . . . . . .  
Unsapon i f i ab l e  m a t t e r  ... . . . . . . . . . . . . . . . . .  

Specific g r a v i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Specific g r a v i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B a l a n c e  
Bot toms  

B a l a n c e  
B o t t o m s  

B a l a n c e  
B o t t o m s  

B a l a n c e  
Bo t toms  

B a l a n c e  
Bot toms  

B a l a n c e  
Bo t toms  

3 .87  
4 .38  

.12 

.16 

1 9 0 . 7 6  
1 9 0 . 1 7  

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

1 .51 
1 .63 

.9328  

.9343  

7 .83 
15 .95  

.14 
2 .35  

1 9 0 . 9 7  
1 8 6 . 7 3  

178 .19  
1 7 3 . 5 2  

1 .48 
1 .64  

.9321  

. 9 3 5 0  

a Oil  s tored  f o u r  to five years  at  same t ime  in  both  locat ions .  Oil  
p robab ly  f rom d i f fe ren t  sources.  T a n k s  app rox ima te ly  35 ft.  i n  di- 
ame te r  and  30 ft.  in he igh t  filled to w i t h i n  a f ew feet  of top. 

The quality of the oil in the eastern area was better after 
storage than of the same quantity stored in the south. This 
difference can be summed up as follows. The oil in the 
New York area did not meet specifications in the balance of 
the tank for unsaponifiable matter only, and in the bottoms 
for acid number and unsaponifiable matter, whereas the 
oil in Texas did not meet specifications in the balance of 
the tanks for acid number and in the bottoms for acid num- 
ber, loss on heating, saponification number, iodine nmnber, 
and unsaponifiable matter. 

Variations in Oil from Settlings. Previous discussion and 
the data recorded in several of the tables have shown the 
variability of characteristics in samples taken from the 
same lots of oil, not only because of the methods and tech- 
nique used in testing but more particularly because of 
methods of sampling. Some of the variations are quite large 
for several of the characteristics, such as heated and chilled 
foots. Also variations of characteristics in samples from 
the bottoms of tanks are far  greater than in the balance of 
the tanks. (Foots in the bottoms of tanks can cause stratifi- 
cation, and other constituents, such as free water, make 
representative samples difficult to obtain.) The oil in the 
balance of the tank is more homogeneous, and the several 

7 No i n f o r m a t i o n  is ava i l ab le  as to the e q u i p m e n t  in  these t a n k s  a t  
t h a t  t ime to p rov ide  ag i t a t ion  for  mix ing .  
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samples taken to make a composite give more representative 
samples of the balance than in the bottoms. 

Statistical correlations made of the large number of an- 
alyses recorded in the CCC operations show that there are 
good degrees o£ relationship between characteristics of the 
oil in the balance and bottoms of tanks for several of the 
characteristics. I t  appears that these relationships between 
balance and bottoms could provide a more reliable and less 
variable method of determining the characteristic of the 
bottoms than by sampling" and testing the bottoms samples 
in the stored oil (Table VI) .  

T A B L E  ¥I 

Factors  for Correla t ion of the l~elat ionship of Specified 0harac te r i s t i cs  
in  the Balance  and Bot toms of Tanks  of Stored Linseed Oil a 

¥ l~egres- Correla- I S t a n d a r d  
Character is t icb  in terce  - / s ion P t ion  error  of 

a pc eocf~cient coefficient es t imate  
Sy.x 

Heated  foot ......................... ~ ] ~ l ~ J  2.1798 
Chilled foots ......................... 3 .7405 ] 2 .9907 i .2895 a [ 6.6515 
Acid number  ........................ - 3 . 9 7 8 6  [ 2 .2034 [ .8416 / 2 .3174 
Saponif icat ion number  . . . . . . . . .  6338 I .9909 I .3622 I 3.6961 
Iod ine  number  ..................... - 6 . 9 5 0 5  1.0284 .6341 I 3 .7917 
Unsaponif iable  mat te r  . . . . . . . . . .  7948 .5274 .3733 .1471 

a Based on 38 samples of oil t aken  d u r i n g  storage up  to four  to f ive 
years in  the southern  a r e a ' a n d  42 samples t aken  a t  the  e~d of s torage 
of four  to five years, mostly in the eastern area. 

b No s igni f icant  re la t ionsh ip  found for  specific g r a v i t y  and  loss on 
heat ing.  

Change of character is t ic  in  bottoms wi th  each u n i t  change in  
balance. 

a The re la t ionships  of the loots  tests  are barely s igni f icant  in  19 an- 
alyses out  of 20 and cannot  be assumed to be reliable.  

I t  has been shown previously that the loss on heating 
remains quite constant throughout the storage period of the 
oil in the balance of the tank while this characteristic in- 
creases in the oil in the bottoms. 

Based on the data in Table VI, some estimates can be 
made of several of the characteristics of the oil in the bal- 
ance of the tanks when the oil in the bottoms has reached 
a limit under specifications, as follows: 

Character is t ic  Balance  Bot toms 

A_cid number  .................................................. 3.5 4 
Saponificat ion number  .................................... 190.5 189 
[odine n u m b e r  ................................................ 178.9 177 
Uns~ponif iable  matte~'. ................................... 1.35 1.5 

The Heated and Chilled Foots  Tests 

Variations in Fresh and Stored Oil. The wide variation of 
heated and chilled loots in fresh oil has been previously 
discussed in connection with the data in Table I, which sum- 
marizes tests made on 393 samples. A total o£ 131 samples 
were also tested for these characteristics in the identity- 
preserved stored oils held in the southern area. These 
samples were grouped according to source, namely, the bal- 
ance, bottoms, all oil, and total oil in each of the four 
tanks. Statistical correlation for each of these groups 
showed no significant change in either of these character- 
istics; accordingly coefficients of variation were determined 
for each group. A summary of all of these coefficients of 
variation around a common average can be compared to 
those of the fresh oils as follows: 

Character is t ic  F resh  oil Stored oil 

Hea ted  foots ................................................... 24.96 83.36 
Chilled loots ................................................... 1 22.75 110.63 

The extent of the wider variation of the chilled loots in 
stored oil as compared to fresh oil can be determined from 
the above coefficients of variation. When this characteristic 
is at the limit under specifications with an average of 4.0% 
by volume, one out o£ three samples in the fresh oil could 
test higher than 4.9 and in the stored oil higher than 8.4. 

The Relationship of Heated to Chilled Foots in Fresh 
and Stored Oils. There were insignificant relationships be- 
tween the heated and chilled foots in any of the eight large 
tanks of fresh oil, where samples of from 19 to 118 were 
taken in the various tanks. There also was no significant 
relationship for all the 393 samples when correlated to- 

A r e  you using the  r ight  a n t i o x i d a n t ?  

High A.O.M. values in fats are 
not sure protection against 
rancidity in dry mixes 
Some antioxidants produce high A.O.M. values, yet 
are  inactivated on contact with flour. For this reason, 
high A.O.M. values alone do not assure high oxidation 
stability in dry mixes. 

Consider that  the total surface area of the fat in ten 
pounds of cake mix is equal to one acre! Obviously, an 
extremely effective antioxidant is required. 

By far the most effective antioxidants for dry mixes 
are Sflstane BHA or Sdstane 1-F. These antioxidants 
do not change on contact with flour, give good A.O.M. 
values and are extremely effective in dry mixes. Having 
exceptional carry-through they also protect pastry 
and other cooked products. 

Universal has been solving antioxidant problems 
for 25 years. Feel free to consult with our Food Service 
Group. Just write our Products D e p a r t m e n t . R _ _  

made in 4 farms, 7 formulat ions. . ,  keeps lard and shortening fresh. 

¢ UnlUERSHL OIL 
PRODU(TS ( o m p n n v  
30 Algonquin Road, Des Ploines, Illinois, U.S.A. 
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gether. In  other words, on the basis of these data it is not 
possible to estimate either of these characteristics from the 
other when the fresh oil was tested. 

There were however significant relationships shown be- 
tween these two characteristics, regardless of the source of 
the samples, taken from the stored oil used for statistical 
correlation (Table VI I ) .  

T A B L E  VII 

Fa~tors  for  Cor re la t ion  of the ]~elat ionship B e t w e e n  H e a t e d  a n d  
Chilled Foots in  S tored  L inseed  Oil  

D e s i g n a t i o n  ] Number I Y IRegressionlO . . . .  lation 
of . . . .  ples °¢~,~Sner" i n t e r c e p t  coefficient I coefficient 

D B a l a n c  e u  .............. [ 54 [ - - 0 . 6 1 8 8  6 . 4 0 4 7  0 . 8 3 6 0  
Bot toms ... . . . . . . . . . . . .  38 [ .8543  3 .1155  .7375  
Tota l  oil .. . . . . . . . . . . . .  51 - - . 5 7 8 3  6 .1607  .8614  

E n d  of s to rage  
B a l a n c e  ............... 
Bot toms .............. 
Total oil .............. 

Both  d u r i n g  an~l 
end  of s torage  

B a l a n c e  .... . . . . . . . . . .  
Bot toms ... . . . . . . . . . . . .  
To ta l  oil .. . . . . . . . . . . . .  

Ba l ance ,  bottoms, 
and  total  oil 

D u r i n g  s to rage  .... 
E n d  of s torage  .... 
All samples  ......... 

42 
42 
40 

96 
80 
91 

140  
124  
264  

- - . 0 0 3 0  
.4494  

- - . 1 1 8 1  

- - . 5 5 6 3  
.8433  
.1810  

.1730  

.2475  

. 5 3 5 6  

1 . 5 4 5 4  
2 , 4 1 0 2  
1 . 9 4 6 0  

5 .5919  
2 . 6 2 5 6  
1 .9395  

3 . 3 3 4 5  
2 . 0 4 3 3  
2 . 1 5 9 6  

.6364  

.9592 

. 9 9 2 6  

.7912  

.8365  
. 9 8 6 6  

.8143  

.9780  

.9153  

S t a n d a r d  
e r r o r  of 
e s t imate  

~ y . x  

6 . 4 0 4 7  
3 . 1 1 5 5  
6 . 1 6 0 7  

.1670  
1 . 7 9 6 4  
1 . 3 7 4 7  

5 . 5 9 1 9  
3 . 7 8 3 6  
1 .2185  

2 . 6 9 9 5  
1 . 5 6 6 4  
2 . 4 7 7 7  

Although there are highly significant relationships shown 
in the table, there are various differences in the changes of 
chilled toots with unit differences of heated toots (regres- 
sion coefficients), depending on the source of the samples. 
With a heated toots of 1.0 (limit under specifications) the 
following chilled toots are indicated from the table : 

__Balance _ _ B ° t t ° m s  To ta l  

D u r i n g  s to rage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 5.8 I 4 .0  I 5.6 
E n d  of s torage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1.5 I 2.9 ] 1.8 
Bo th  d u r i n g  and  end of s to rage  ... . . . . . . . . . . . . . .  [ 5 .0  ] 3.5 I 2.1 
Ba lance ,  bottoms, and  to ta l :  

D u r i n g  s to rage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 3.5 I .... i .... 
E n d  of s to rage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2.3 ] .... ] .... 
All tes ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 .7  L .... t .... 

The average of all heated toots for fresh oil was 0.37% 
by volunle and for chilled toots was 2.43, which gives a 
ratio of i to 6.6, which can be compared to the above 
ratios. 

The intent of the heated and chilled toots tests, when 
taken together, is to measure the amount of nonoil con- 
stituents in the sample. Limits in the specifications for 
satisfactory oil have been set at 1% by volume for heated 
toots and 4% for chilled toots, or in the ratio of 1 to 4. 
For  the fresh oils (based on averages) tested in the project, 

the ratio was higher, and for the stored oils it was gen- 
erally lower. ~ 

Market Evaluation of Oil Not Meeting Specifications 

Estimates Made by Industry. There are no established 
methods to determine discounts below market price for 
any oil, not meeting specifications, which may be offered 
for sale. Several members of industry have cooperated in 
placing the range of prices for such oil, but it must be 
emphasized that a summary of such estimates does not 
indicate with any degree of accuracy a price that would 
be acceptable for such oil in general trading operations. 

The estimates submitted by these industry members for 
prices of several oils not meeting specifications show that 
discounts were made which agree quite well with the impor- 
tance of the various characteristics causing "non-spec," oil 
as discussed previously (Table VI I I ) .  

Estimated Costs of Quality Deterioration. The data con- 
cerning the six oils shown in Table V I I I  were chosen for 
evaluation on the basis of their frequency of occurrence 
among all the lots of stored oil not meeting specifications. 
However there were other characteristics causing "non-spec" 
oil. In  order to evaluate these other lots of oil, estimates 
were made of  a discount (based on a market price of 14c 
per pound for oil meeting specifi.cations), by using the 
prices in Table V I I I  and relating the importance of the 
various characteristics, as shown previously from the opin- 
ions of industry. :For example, a price of 13.594e per pound 
was placed on an oil not meeting specifications only because 
of appearance. I t  was assumed also that as more character- 
istics did not meet specifications, the price of the oil would 
be discounted by adding discounts for each characteristic not 
meeting specifications. In  this manner all of the oil not 
meeting specifications was valued. For all the stored oil 
there were 26 lots of oil, each having a different conlbination 
of characteristics beyond tolerance. A complete evaluation 
of all the stored oil is shown in Table IX. 

Summary 

About 77% of approximately 490 million pounds of raw 
linseed oil stored for periods from four to five years nmt 
federal specifications during the period 1948 to 1955 in the 
operations of the Commodity Credit Corporation in the sup- 
port of fiaxseed. I t  is estimated that the 23% which did 
not meet specifications had a decreased value around 0.6c 
per pound on a market of 14e for oil meeting specifications. 

All of the 42 million pounds stored in the northern area 

SThe  cor re la t ion  coefficient of 0 . 9 1 5 3  (Tab le  V I I )  for  the  to ta l  of 
2 6 4  samples  is somewha t  less t h a n  the 0 .970  shown by J .  N. Shaw,  
J .  W.  Gar re t t ,  and  S. 0 .  Sorenson  in  the i r  pape r ,  "A  Compar i son  of 
Severa l  Methods for D e t e r m i n a t i o n  of Nonoil  Cons t i tuen t s  in  ]~aw Lin-  
seed Oil ,"  a p p e a r i n g  in the J o u r n a l  of the A m e r i c a n  Oil  Chemists '  
Society, M a r c h  1952 .  The  tests in  the i r  w o r k  a re  p r e s u m e d  to have  
been made  in the same l a b o r a t o r y  and  on some 49 samples  of w ide  
v a r i a t i o n  in hea ted  and  chil led toots. T h e  re la t ions  shown in  Tab le  V I I  
combine tests made  in two d i f fe ren t  l abora to r ies .  The  tests  made  " d u r i n g  
s to rage"  which  show a co r re l a t ion  coefficient of 0 . 8 1 4 3  were  made  in 
a d i f ferent  l a b o r a t o r y  f rom the tests  a t  the "end  of s to rage"  wh ich  give 
a cor re la t ion  coefficient of 0 . 9 7 8 0 .  

T A B L E  V I I I  

E s t i m a t e d  P r i ce s  of R a w  Linseed  Oil Not Mee t ing  Specif icat ions  a 

Sample  n u m b e r  

] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R a n g e  of cha rac t e r i s t i c s  not  
mee t ing  specif icat ions  b 

Acid number ,  5 to 7 

Unsapon i f i ab le  ma t t e r ,  1 .6  to 1.8 

Hea t ed  toots, 2 to 4, and  not  c lear  

H e a t e d  toots, 2 to 4, chil led toots, 5 to 8, 
and  not  c lea r  

Iod ine  number ,  172  to 176,  and  not  c lear  

Loss on hea t ing ,  0 .4  to 1.0,  and  not  c lear  

E s t i m a t e d  

~o~v d 

C e n t s  

12 

12 

10 

5 

10 

11 

r i ces  c 

H i g h  ~ 

C e n t s  

13.9  

14.0  

13.9  

13 .8  

13 .9  

13.9  

Av. of 
m e d i a n s  f 

G e n t s  

1 3 . 3 5 5  

1 3 . 3 9 0  

1 3 . 0 4 5  

1 2 . 0 8 0  

1 3 . 0 7 5  

1 3 . 3 5 5  

D i scoun t  
h-om 14¢  g 

C e n t s  

0 .645  

. 6 1 0  

.955 

1 .920  

.925  

.645  

a P r i c e s  e s t ima ted  by i n d u s t r y  coopera tors .  
b T h e  c h a r a c t e r i s t i c s  chosen w e r e  r e p r e s e n t a t i v e  of the s tored oils not mee t i ng  specif icat ions.  
c E a c h  i n d u s t r y  coopera tor  gave  his  e s t imate  over  a r a n g e  of low to high for  each oil. 
a T h e  lowest  p r i c e  of all  the  low pr ices  in  the  r a n g e s  es t imated .  
e The  h ighes t  p r i c e  of all  the  h igh  p r ices  in  the  r a n g e s  es t imated .  

T h e  m e d i a n  p r ices  of all  the  es t imates  w e r e  a v e r a g e d  for  each oil. 
g A p r i ce  of 14¢  w a s  used  for  oil mee t ing  specif icat ions.  
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T A B L E  I X  

Es t imated  Costs of Qual i ty  Deterioration of Stored Linseed Oil ~ 

Genera l  location 
of s torage 

Nor thern  ............................................... 
Wes tern  ................................................. 
Eas te rn  ................................................. 
Southern  ................................................ 

Total  .................................................. 

Quan t i ty  of 
t o t a l  oil 
stored 

Quan t i ty  

P o u n d s  

223,720 
52,755,542 
57,992,402 

Oil not  meet ing specifications 

Es t ima ted  
pr ice  per  

pound  

Es t in la ted  
value 

Dollars 

29,878 
6,989,856 
7,777,790 

E s t imated  
loss f rom 

de ter iora t ion  

Dollars 

1,443 
395,920 
341,146 

Es t imated  loss in price 
per pound  from storage 

de ter iora t ion  b 

Based on oil 
n o t  meet ing  
specification 

P o u n d s  
42,220,625 
77,274,551 

311,671,973 
57,992,402 

Cents  

13.355 
13.250 
13.412 

Ce~tt8 

0.645 
.750 
.588 

Based on 
total  oil 

C~nt8 

0.002 
.127 
,588 

489,159,551 110,971,664 13.335 14,797,524 738,509 .665 .151 

Oil stored four  to five years  at  four  genera l  locations,  mostly f rom 1948 flaxseed crop. 
b Oil meet ing specifications was priced a t  14~' per  pound. 

of the United States met specifications, and negligible 
quantities stored in the California port areas did not meet 
specifications. About 83% of the 311 million pounds stored 
at or near the port of New York met specifications; how- 
ever all of the 58 million pounds stored in the southern area 
of the country failed to meet specifications. 

About 97% of the 11S million pounds of fresh oil (up 
to a period of one year in storage) met specifications on 
the basis of samples drawn from individual tank cars. 
(Industry estimates that from 97 to 100% of the oil 
prdouced in 1957 met all specifications at the time of sale.) 

The causes for failure of the oil to meet specifications 
were quite different after long periods of storage compared 
to fresh oil. The fresh oil did not meet specifications mostly 
because of excessive heated and chilled loots and cloudy 
appearance. (According to industry opinions, this is typ- 
ical in freshly-produced oil.) The causes for the stored 
oil not meeting specifications were mostly attributable to 
high acid number and high unsaponifiable matter; high 
heated and chilled loots and cloudy appearance were of 
secondal T importance. 

Variations in the several characteristics under specifica- 
tions for some 393 samples of fresh oil, calculated to a com- 
mon average for each, showed wide variations in the heated 
and chilled loots tests as compared to some of the other 
characteristics. 

There were 73 lots of oil (taken from three whole tanks, 
39 bottoms, and 31 balances) comprising the almost 112 
million pounds not meeting specifications. Thirty-five lots 
failed to meet specifications due to only one characteristic 
beyond tolerance whereas 33 lots were "non-spee" because 
of from two to five characteristics beyond tolerances. Two 
lots were "non-spec" because all characteristics except 
color were beyond tolerance. All lots of stored oil (and 
fresh oil) met specifications for color. 

At the same location (eastern and southern areas) the 
oiI held in larger tanks (filled to capacity) showed less 
deterioration of quality after storage than when held in 
the smaller tanks. 

Similar quantities of oil stored in the warmer areas 
• showed greater deterioration than in cooler locations (east- 

ern and southern areas). 
In  general, oil in the bottoms of tanks after storage 

showed greater deterioration than in the balance, but in 
some cases mixing of the oil (by calculation) could increase 
the nlarket value of all the oil because of the small quantity 
of oil in the bottoms as compared to that in the balance. 
There were also far greater variations of the characteristics 
in the oil in the bottoms of tanks than in the balance. There 
are however significant relationships for several of the 
characteristics between the balance and bottoms oil. I t  is 
indicated that different methods could be employed other 
than sampling and testing the bottoms oil in order to obtain 
more accurate characteristics of the bottoms. Average 
characteristics of the balance oil can be obtained, by calcu- 
lation, from testing the individual samples taken of the 
balance instead of eompositing these samples for testing. 
The relationships between balance and bottoms oil for 
several of the characteristics shown in the report could be 
used to get characteristics of the bottoms instead of sampling 
and testing the bottoms. 

The variations of either of the characteristics of loots 

are far greater in stored than in fresh oil, such that the 
use of these tests is of some economic importance in stored 
oil. There are however significant relationships between the 
heated and chilled foots in stored oil when large numbers of 
samples are tested and statistically cmTelated. 

The methods of the two tests for foots are even more 
unreliable when applied to stored oil than when used with 
fresh oil. The frequency and economic importance of these 
characteristics which cause stored oil not to meet specifica- 
tions indicate that improved methods are vitally needed to 
determine nonoil constituents over those now used under 
specifications. 

There should be no decrease in the market value because 
of quality deterioration for average-quality, raw linseed 
oil as produced, when stored up to five years in large lots 
(in tanks filled to capacity) and stored in the colder areas 
of the United States. Even tanks of oil filled to capacity 
with quantities as low as one million pounds should store 
well in the general area of the Great Lakes ports, which is 
also close to the areas of the greatest production of fiaxseed. 

For the same-size lots of oil stored in tanks to capacity, 
the oil should decrease in quality to less market value more 
in the warmer areas of the country, with most deterioration 
in the South near the port of New Orleans. 

However, even when the oil is stored in smaller lots and 
under the most undesirable conditions of temperature as in 
the warmer areas, the changes in the various characteristics 
do not decrease the value of such oil much under market 
value for oil meeting specifications. 

The cost of transportation of oil from the warmer areas 
of production to areas where storage conditions are good 
would be much greater (around 1 to 2c per pound) than 
the cost of deterioration if stored in the warmer areas 
except for oils which were of the poorest quality at the time 
of production. (Some oils were estimated as having values 
up to 3c per pound under the market for oil meeting 
specifications at 14c). 

[Received June 22, 1959] 

• Obituary 
UC]EN BROWN FORBES (1918), owner of the L. B. 

Forbes Laboratory at Little Rock, Ark., until  his 
retirement in 1947, died June, 1959, at St. Peters- 

burg, Fla., according to information received from E. H. 
Tenent Sr. of Memphis. 

He was a member of the Society of Cotton Products 
Analysts, which in 1920 changed its name to the American 
Oil Chemists' Society, and served as third vice president 
in 1930; second vice president in 1935; and third vice 
president in 1941. 

A native of Alabama, Mr. Forbes opened his own lab- 
oratory at Little Rock in 1928 after having worked for 
General Electric in Schenectady, N.Y., and the American 
Cotton 0il Company at Memphis and Little Rock. 

American Felt Company, New York, has recently intro- 
duced a new filter cartridge line, utilizing carefully proc- 
essed new synthetic fibers in an uniquely constructed filter 
medium for controlled particle filtration. 
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