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ABSTRACT 

Trace amounts of copper and iron were deter- 
mined by char-ashing samples of molecularly distilled 
glyceride oil, copper hydrogenated edible oils and 
salad oils with added copper salts and copper- 
chromite catalysts. Char-ashing, coupled with the 
atomic absorption method of analysis, gave excellent 
reproducibility in a salad oil for copper at 0.025 ± 
0.002 ppm and for iron at 0.082 ± 0.012 ppm. 
Agreement was excellent between the char-ashing 
method and the direct solvent method of analysis 
when levels of the two trace metals were high enough 
to be analyzed by direct atomic absorption. Copper 
in edible oils can be accurately analyzed at levels of 
less than 10 ppb by the char-ashing technique. 

I NTRODUCTI  ON 

List et al. (1) have shown that the direct method (oil 
samples are dissolved in solvent and aspirated directly into 
the flame) for the determination of copper by atomic 
absorption at low levels (0.05-0.40 ppm) in edible oils was 
sensitive and had a low standard error. Burrows and 
coworkers (2) found good agreement between ashing and 
the direct determination of copper at levels of 1.0-40 ppm 
in lubricating oils. They also determined iron (3-55 ppm) 
by both methods and, generally, found good agreement 
between them. In the few examples they cite of ashing, 
always at high levels, that technique gave higher, never 
lower values than the direct solvent method. The higher 
levels in ashing may be attributed to particulate iron matter 
because Bartels and Slater (3) showed that only iron 
particles below 10/1 in diameter contribute to absorption in 
the flame. Others have used direct solvent determination 
for lubricating oils (4,5) and also for edible fats (6). Ashing 
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glyceride oils by official AOCS methods (7) consists of 
igniting the hot oil with a flame and supplying sufficient 
heat to keep the sample burning. This ashing method 
unfortunately gives consistently low results (8,9). Deck and 
Kaiser (10) recently reported recoveries of copper ranging 
from 0-84%. Ashing, like weighing, is a fundamental 
operation and if handled correctly will yield accurate 
results. We prefer the terminology of ehar-ashing to 
describe our method and to distinguish the pre-ashing step 
from direct burning and ashing, terms which have been 
previously used. 

Because of current interest in copper catalysts to 
hydrogenate edible fats (11-13) it was deemed desirable to 
check the direct solvent method against the char-ashing 
method. Since copper-chromite catalysts are exceedingly 
fine, mostly below 2 # in size, and are removed with 
difficulty from oil after its hydrogenation, the possibility 
that copper may exist in hydrogenated oils as particulate 
matter must be considered. Any copper present as particu- 
late matter will be determined by ashing but may not  be by 
the direct solvent method. 

Any ashing of fats is a tedious and lengthy task since the 
oil must first be completely carbonized on a hotplate 
before it is ashed in an electric muffle furnace. In the 
char-ashing technique carbonization must be controlled so 
that the oil does not reach the fire point. The amount  of oil 
that can be readily ashed by charring is limited, usually no 
more than 200 g. The entire char-ashing process takes about 
2 days to prepare a sample for analysis. In the direct 
method, sample preparation requires only that time neces- 
sary to make up a 10% or 25% by weight oil solution in 
methyl isobutyl ketone. The one difficulty of the direct 
method for low-level metal determination is obtaining a 
metal-free oil from which to prepare standards. 

MATERIALS AND METHODS 

The soybean oil used was a commercial sample of a 
nonhydrogenated salad oil. This sample, selected because of 
its low metal content,  has been used to make up standards 

T A B L E  I 

R e p r o d u c i b i l i t y  a n d  Metal  R e c o v e r y  b y  C h a r - A s h i n g  

S a m p l e  C o p p e r ,  p p b  I ron  c o n t e n t ,  p p b  

S o y b e a n  sa l ad  oil  
(not hydrogenated) 

Ave ra ge  

S o y b e a n  salad oil  plus  m e t a l  

T o t a l  

26  54 87 73  
22 79  80  9 0  
26  95 7 3  93  
27  9 3  93  100  
27  7 6  76  7 4  a 

25 ± 2 82 ± 12 

555  Cu  582  Fe 

F o u n d 5 4 6  F o u n d 5 1 3  F o u n d 5 2 2  b 
5 3 4  515  5 7 0  
5 3 7  5 1 0  5 5 5  
5 2 8  5 0 0  5 5 0  
543  5 0 0  5 2 3  
552  505  535  

5 4 0  ± 8 507  ± 6 5 4 3  ± 17 

aThere  w a s  m o r e  iron analysis  than  c o p p e r  because  s o m e  samples  in th i s  series w e r e  s p i k e d  
w i t h  c o p p e r .  

b D i f f e r e n t  o p e r a t o r  a n d  di f ferent  s p e c t r o m e t e r .  
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TABLE II 

Comparison of Vycor and Porcelain Dishes as Ashing Vessels 

Copper content, ppb Iron content, ppb 

Sample Vycor Porcelain Vycor Porcelain 

Soybean salad oil 25 a 80 230 
Copper hydrogenated 

soybean oil 8 8 12 130 110 
Copper catalyst c 

residue in oil 320 290 310 190 460 
Copper hydrogenated 

+ Mg(NO3) 2 . . . . . . .  20 130 

220 82 b 90 95 73 

150 120 180 210 210 230 

54 87 73 90 95 73 

. . . . . . . . .  95 120 

aAverage of 5 samples 
bAverage of 15 samples. 
CCopper-bariu m-chromite catalyst. 

as well as samples  con ta in ing  coppe r  oleate,  c o p p e r  chloro-  
phyl l  and  ca ta lys t  residues lef t  a f te r  h y d r o g e n a t i o n  of  
soybean  oil wi th  c o p p e r  catalysts .  

Coppe r  h y d r o g e n a t e d  oil was f rom a special ly p repa red  
lo t  of s o y b e a n  oil commerc ia l ly  h y d r o g e n a t e d  wi th  a 
commerc ia l  c o p p e r - b a r i u m - c h r o m i t e  catalyst .  

Copper  oleate,  coppe r  ch lo rophy l l  and  m a g n e s i u m  ni- 
t ra te  were pu rchased  commerc i a l  chemicals .  C o p p e r  s tan-  
dards were made  up  in s oybean  oil f rom a sample  of  
Na t iona l  Bureau of  S tandards  chela te ,  b i s (1 -pheny l - l , 3 -  
b u t a n e d i o n o )  c o p p e r  II No. 1080, accord ing  to  the i r  
direct ions.  

Char-Ashing 
In a 350  ml Vycor  dish, 150 g of  oil was weighed  ou t  

(50  g in a 100 ml dish) and cha r red  on  a fu l l -hea t -con t ro l l ed  
h o t p l a t e  ( T h e r m o l y n e  Model  3423-1 ,  1685 wat ts ) .  The  
usual  three-s tage hea t  con t r o l  ho tp l a t e s  was n o t  en t i re ly  
sa t i s fac tory  as full h e a t  igni tes  the  sample  and  m e d i u m  hea t  
is too  slow. C a r b o n i z a t i o n  of  the  fat  was c o n d u c t e d  on  as 
h igh a hea t  as possible  ( a p p r o x i m a t e l y  300  C) b u t  be low 
igni t ion t e m p e r a t u r e ;  u n d e r  these  cond i t i ons  usua l ly  a b o u t  
24 hr  were requ i red  for comple t e  charr ing.  

The fire po in t s  of  var ious  glyceride oils are r epo r t ed ly  
be tween  246 and  363 C (14) .  C h a r r i n g  on the  h o t p l a t e  is 
comple t e  w h e n  the sample  s tops  s m ok i ng  and  n o  longer  
appears  oily. Oil samples  char red  to this e x t e n t  will n o t  
pu f f  and  f r o t h  f rom the  dish when  p laced  in a muff le  
furnace.  Char r ing  shou ld  no t  be carr ied to  the  stage of 
actual  ashing on the  h o t p l a t e  as air c o n v e c t i o n  cur ren t s  
t end  to carry  off  the  ash. 

Af te r  char r ing ,  dishes were igni ted  in a l ined  muff le  
furnace at  500  C for  16 hr.  The  muff le  t e m p e r a t u r e  m u s t  
be careful ly  con t ro l l ed  as h igh hea t  will cause loss and  open  
hea t ing  e l emen t  furnaces  m ay  scale and cause er rors  in low 
level analysis.  Porcela in  dishes were no t  sa t i s fac to ry  as h igh  

and  var iable  resul ts  were expe r i enced ;  this  d i sc repancy  was 
especially t rue i f  the  dishes were rough  and  s h o w e d  signs o f  
flaking. Analy t ica l  errors  caused by porce la in  glaze in t race 
c o p p e r  analysis have been  k n o w n  for  a long  t ime (15) .  All 
results  r epo r t ed  here ,  excep t  those  where  porce la in  dishes 
are compared ,  were o b t a i n e d  w i th  new Vycor  dishes. 

Ash f rom edible  oil is e x t r e m e l y  fine and  dishes  were 
a l lowed to cool  be fore  r emov ing  t h e m  f rom the  muff le  
furnace.  The ash was dissolved in 10 ml of  5% h igh-pur i ty  
sulfuric  acid (G. F red r i ch  Smi th  No. 273 double-d is t i l led  in 
Vycor ) .  A 30  rain acid digest ion o f  the  ash was carr ied o u t  
on a s team pla te  and  t hen  the  sample  was careful ly  washed  
wi th  double-d is t i l led  wa te r  i n t o  a 25 ml v o l u m e t r i c  flask. A 
second  digest ion wi th  5 ml of  acid was also p e r f o r m e d  and  
the c o n t e n t s  added  to  the  vo lume t r i c  flask, wh ich  was m a d e  
to vo lume  wi th  water .  

A b l ank  sample  was carr ied t h r o u g h  the  en t i r e  char- 
ashing and digest ion s teps and  the  a tomic  a b s o r p t i o n  
co r rec t ions  were m a d e  f rom this  blank.  Samples  and  b lanks  
were asp i ra ted  direct ly  i n t o  the  a tomic  f lame w i t h o u t  
f u r t h e r  d i lu t ion  or c o n c e n t r a t i o n .  

Direct Method 

Ten grams of  oil were weighed i n to  a 50 ml,  glass 
s t oppe r  E r l e n m e y e r  flask and  dissolved in 30 g of  redis t i l led 
m e t h y l  i sobu ty l  k e t o n e  (bp  115-116 C). The samples  were 
equ i l ib ra ted  to 4 0  C and  asp i ra ted  i n to  the  a t o m i c  absorp-  
t ion  f lame at this  t e m p e r a t u r e .  All samples  were run  on  a 
Pe rk in -E lmer  303 a tomic  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  
equ ipped  wi th  a three-s lo t  t i t a n i u m  Boling burner .  Details 
of  this  ope ra t ion  have b e e n  r epo r t ed  (1). 

RESULTS 

Reproduc ib i l i t y  of analysis  was good for  b o t h  c o p p e r  
and  i ron at low levels by the char -ash ing  t e c h n i q u e  on  
5 % 1 5 0  g of  oil. These  meta ls  are always f o u n d  in t race 

TABLE II1 

Comparison of Methods for Analysis of Copper 

Copper content, ppb a 

Direct 
Sample Calculated aspiration Char-ashing 

Soybean salad oil --- N.D. b 25 
Copper hydrogenated soybean oil --- ( 20 9 
Catalyst residue in oil --- 325 308 
Copper chelate c in oil 345 360 369 
Copper chlorophyll in oil 1,320 1,320 1,320 
Copper oleate in oil 500 550 540 
Molecular distilled oit d --- ( 20 18 

aTriplicate analysis. 
bN.D. = not detected. 
CBis(1-phenyl-l,3-butanediono) copper II-NBS No. 1080. 
dDistilled herring oil--iron by char-ashing in this sample was 60 ppb. 
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amounts  in salad oils. Table I shows results with a standard 
deviation of  only +2 ppb for levels of  25 ppb copper.  The 
reproducibi l i ty  for iron was not  so high but  still was good 
at levels of  82 ppb +12. F o r  added metals (approximate ly  
0.5 ppm) recovery and reproducib i l i ty  for copper  were also 
be t te r  than for iron. The coeff ic ient  of  var ia t ion for the 
added copper  was 14.8% and for added iron was 11.8% and 
32.2% for two  analysts. The percentage recovery of the 
added copper  was 97.9% and for added iron was 87.2% for 
one opera tor  and 93.2% for the other.  Considering the 
levels at which these metals  are being analyzed,  the 
char-ashing technique has given acceptable analyses. Our 
results would  indicate  that  the low ashing recoveries 
repor ted  in the l i terature were caused by imprope r  ashing 
condit ions.  It  seems qui te  doubt fu l  that  active burning of  
the sample can be used to ash glyceride oils because loss o f  
iron and copper  is excessive. 

Data in Table II show the variable results for coppe r  and 
iron obtained by ashing the samples in porcelain dishes. The 
variability of  iron was no t  so great as for copper ,  but  the 
analyses for copper  and iron in porcelain are m u c h  higher 
than for the same samples ashed in Vycor.  Since the 
porcelain dishes were not  new, probably some  of  the 
variability would  be a t t r ibuted  to dishes that  had lost  their 
glaze. All V y c o r  dishes were new at the start  o f  this 
investigation. Since magnesium nitrate  is c o m m o n l y  em- 
p loyed  when ashings are conduc ted  in p la t inum dishes, a 
few ashing determinat ions  were made with this oxidant.  
Ashings were conduc ted  with 0.4 g of  Mg(NO3) 2 per  100 g 
of  oil. Since copper  blanks were exceedingly high and since 
there was no evident  advantage, the use of  magnesium 
nitrate wi th  porcelain or Vycor  dishes was no t  cont inued .  

Table III compares  the char-ashing technique  with  direct 
aspiration of  an oil sample solut ion into  an atomic 
absorpt ion spec t ropho tomete r .  Again it is shown that  
char-ashing is reliable and that  i t  gives nearly total  recovery 
of  copper  present  in an oil. The m e t h o d  has the addit ional  
advantage of  allowing analysis for trace metals at a much  

lower  level than direct aspiration. The usefulness of  
char-ashing technique permit~ de te rmina t ion  of  trace metal  
conten ts  of  molecular ly  distilled glyceride oils. Because 
char-ashing is more sensitive, it can also be used to analyze 
the metal  contents  of  oils that  are used to s tandardize 
a tomic absorpt ion spec t ropho tomete r s  for the direct  aspira- 
t ion technique.  The char-ashing m e t h o d  appears suitable for 
the de te rmina t ion  of  a few parts per  billion of  iron or 
copper  in edible fats with high accuracy.  
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