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ABSTRACT 

Three different atomic absorption techniques were 
used to analyze metals contained in three different 
crude soybean oils. In the first, oil was decomposed 
by charring followed by high-temperature dry ashing. 
The ash then was dissolved in a dilute acidic aqueous 
medium. In the second, oil diluted with methyl iso- 
butyl  ketone as the solvent was aspirated directly. In 
the third, the original oil sample was ashed and the 
metal atomized in a sequential process by a carbon 
rod furnace. This third technique required only/.triter 
quantities of an oil. The analysis for many metals was 
similar regardless of the technique. However, values 
obtained for zinc, cadmium, chromium, lead, and cal- 
cium were extremely dependent upon the technique 
used. 

INTRODUCTION 

The determination of metals in vegetable oils has been 
under investigation for several years and is still a formidable 
problem. A variety of methods of analysis (1-7), including 
atomic absorption spectrophotometry (AAS) (2-3,7), has 
been published in the literature. AAS has gained acceptance 
in these determinations because of easy sample preparation 
and its analytical accuracy. Some other methods include a 
preparatory preconcentration step to get the metals into an 
aqueous matrix. Several workers (6,8-9) use charring and 
high-temperature (600 C) ashing (char ashing which re- 
quires 100-200 g original sample) followed by water and 
acid dissolution. This technique may yield low results 
owing to volatization of some specific metals; however, 
Thiers (9) found that loss of most metals can be prevented 
under proper ashing conditions. 

List, et al., (10) reported success with a low-temperature 
asher, an apparatus in which oxygen plasma is generated in 
a radio frequency field under high vacuum also followed by 
water and acid dissolution; however, only 3 g can be ashed 
at a time. Garcia, et al., (1 1) reported a wet ashing proce- 
dure using nitric acid, but again all that can be ashed in a 
reasonable time are similar small quantities of oil. Solvent 
extraction or chelation has been used (12-13); however, 

1 A R S ,  U S D A .  

T A B L E  I 

B a c k g r o u n d  Meta l  C o n t e n t s  o f  Base S a l a d - G r a d e  S o y b e a n  Oil 

Metal  #g /ga  P e r c e n t  R S D  b 

C a d m i u m  0 . 0 2 0  109  
C a l c i u m  0 . 0 3 3  18.1 
C h r o m i u m  0 . 0 1 5  78  
C o p p e r  0 . 0 0 6 7  15.1 
I ron  0 . 0 8 2  50.1 
L e a d  0 . 0 1 2  38 .5  
M a g n e s i u m  0 . 0 4 0  5.5 
M a n g a n e s e  0 . 0 0 6 5  7 9 . 3  
Nicke l  0 . 0 8 7  4 6 . 4  
P o t a s s i u m  < 0 . 0 1  -- 
S o d i u m  0 . 0 4 3  32 .3  
Z inc  0 . 0 0 4 2  2 9 . 4  

a A v e r a g e  o f  f o u r  d e t e r m i n a t i o n s  as d e t e r m i n e d  b y  c h a r  a sh ing  
a n d  f l a m e  a t o m i c  a b s o r p t i o n  a t  15 X scale  e x p a n s i o n .  

b R S D  = re la t ive  s t a n d a r d  dev ia t i on .  
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extraction methods may be dubious especially if a large 
number of repetitive extractions are required. The direct 
aspiration of a soybean oil diluted with methyl isobutyl 
ketone (MIBK) has proved successful with flame AAS (14). 
The major drawback encountered with this technique is the 
dilution factor which reduces the metal content /uni t  
volume. One of the newest AAS techniques is the carbon 
rod atomizer reported by Amos (15). 

My study compares metal contents of crude soybean oil 
by (A) char ashing, (B) by direct aspiration of oil diluted 
with MIBK, and (C) by the carbon rod atomizer. Each tech- 
nique has distinct advantages and disadvantages depending 
upon the specific metal under investigation and its concen- 
tration in the oil. The metals studied in selected soybean 
oils were: cadmium (Cd), calc ium (Ca), chromium (Cr), 
copper (Cu), iron (Fe), lead (Pb), magnesium (Mg), man- 
ganese (Mn), nickel (Ni), potassium (K), sodium (Na), and 
zinc (Zn). 

EXPERI MENTAL PROCEDURES 

The AAS used in collecting these data was a Varian 
model AA-120 equipped with logarithmic signal output and 
variable scale expansion capabilities to 15 X expansion with 
a single slot laminar flow burner. The unit is equipped with a 
componental model CR-61 carbon rod atomizer, which will 
accept either the mini-Massmann or West-type carbon rod. 
The carbon rod was sheathed in nitrogen during the differ- 
ent heating stages to prevent premature oxidation of the 
rod. Under the conditions selected, the carbon rod is capa- 
ble of attaining temperatures up to 3000 C. Three discrete 
heating stages, which are instrumentally controlled, in- 
cluded: evaporating the sample, ashing the sample, followed 
by atomizing the metals. 

The crude soybean oils came from three commercial 
sources: (A) I!linois, 1968 crop year; (B) Arkansas, 1970 
crop year; and (C) South Carolina, 1971 crop year. The last 
oil originated from field-damaged beans. These oils were 
shipped in 1 gal metal cans. 

PROCEDURES 

In accordance with the method of Evans, et al., (8) for 
char ashing, 200 g each oil was weighed into 350 ml non- 
etched Vycor dishes. Char ashing requires 2 days tO prepare 
a sample; the ash then is dissolved in dilute hydrochloric 
acid. 

Direct aspiration was accomplished by diluting 10 g oil 
with 40 g redistilled MIBK as reported by List, et al. (14). 
The metals to be analyzed were divided into sets of four. 
Each set of metals was prepared individually, with all four 
metals being determined on the same day. 

The carbon rod analyses were carried out as follows: 
1/~liter original oil sample was taken up in a 10/1liter Hamil- 
ton syringe previously cleaned with 5% nitric acid solution. 
After the sample was placed in the rod orifice, the pro- 
grained power supplied a low current to dry the oil, then 
automatically increased it sufficiently to ash the oil, and 
finally raised the ash to a level sufficient to cause atomiza- 
tion. The absorption signal derived during the atomization 
level is of short duration (0.5 see). This signal coincides 
with the time of maximum atom population in the rod, and 
the results are recorded as a peak on a strip chart recorder. 
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T A B L E  II 

Meta l  A n a l y s i s  o f  T h r e e  D i f f e r e n t  C r u d e  S o y b e a n  Oils b y  T h r e e  D i f f e r e n t  T e c h n i q u e s  
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,ug/g (As is bas is)  
R e s o n a n c e  

C h a r  a sha  Di rec t  a s p i r a t i o n  C a r b o n  rod l ine,  
n m  I11. A r k .  S.C. I11 Ask .  S.C. I11. Ask .  S.C. Meta l  

C a d m i u m  2 2 8 . 8  0 . 0 0 4 5  0 . 0 1 4  0 . 0 0 6 7  0 . 0 2 1  0 . 0 2 0  0 . 0 2 4  0 . 0 3 9  0 . 1 1 2  0 . 0 5 1  
Nicke l  2 3 2 . 0  0 . 0 4 8  0 . 0 3 9  0 . 0 1 6  B D L  b B D L  BDL 0 . 0 5 2  0 . 0 4 7  0 . 0 4 6  
C o p p e r  3 2 4 . 8  0 . 0 5 1  0 . 0 4 0  0 , 1 0 2  0 . 0 3 7  0 . 0 2 7  0 . 0 8 7  0 . 0 4 7  0 . 0 2 6  0 . 0 6 9  
C h r o m i u m  3 5 7 . 9  0 . 0 5 9  0 . 0 7 0  0 . 1 0 2  0 . 0 2 9  0 . 0 2 6  0.031 0 . 0 1 8  0 . 0 1 1  0 . 0 2 2  
L e a d  2 1 7 . 0  0 . 2 7  0 .19  0 . 3 4  0 . 1 3  0 . 0 1 2  0 . 1 3  0 . 2 6  0 . 1 3  0 . 3 6  
M a n g a n e s e  2 7 9 . 5  0 . 3 0  0 . 6 4  0 . 6 4  0 . 2 7  0 , 7 3  0 . 6 3  0 .31  0 . 8 3  0 . 7 6  
S o d i u m  5 8 9 . 0  1 .51 1 .90  1 .19  1 .33  1 .92  0 . 9 6  1 .17  1 .35  0 . 8 8  
Z inc  2 1 3 . 9  1 .27  1 .64  2 . 5 3  1 .47  1 .92  2 .82  1 .80  1 .95  2 . 9 2  
I ron  2 4 8 . 3  1 .78  1 .57  6 .54  1 .73  1 .63  6 . 6 8  1 .78  1 .62  6 .61 
C a l c i u m  4 2 2 . 7  9.1 10 .0  11 .4  19 .2  20 .5  21 .2  2 7 . 5  31 .4  2 8 . 7  
M a g n e s i u m  2 0 2 . 5  4 4 . 3  4 7 . 0  4 9 . 7  4 5 . 0  4 7 . 5  4 9 . 5  4 0 . 0  4 6 . 3  40 .1  
P o t a s s i u m  4 0 4 . 4  1 5 7  149  2 5 5  177  174  2 5 5  144  130  2 2 6  

a A v e r a g e  o f  t w o  o b s e r v a t i o n s .  

b B D L  = b e l o w  d e t e c t i o n  l imit.  

STAN DAR DI ZATI ON 

Both direct aspiration and carbon rod atomization re- 
quired standards of closely matched matrices. Standards 
were made by dissolving the appropriate organometallic 
chelates in refined salad-grade soybean oil. These organo- 
metallic salts were the cyclohexane butyrates, except for 
tris(1-phenyl-l,3-butanediono)iron and bis (1-phenyl-l,3- 
butanediono)copper. These fat-soluble chelates (National 
Bureau of Standards) were dissolved in a combination of 
xylene, 2-ethylhexanoic acid, and 6-methyl-2,4-heptane- 
dione and added directly to a salad-grade soybean oil. The 
standards were prepared to 500/zg metal/g and diluted to 
acceptable working levels. Because salad-grade oils are quite 
low in trace metals, they served as base oils; however, blank 
metal values had to be considered since some metals were 
present. Metal concentrations in a base oil were determined 
by char ashing quadruplicate samples; ash was dissolved in a 
mixture of 10-1 doubly distilled water and high purity 
hydrochloric acid. A reagent blank was prepared simulta- 
neously. Aqueous solutions were transferred from the 
Vycor dishes to volumetric flasks, made to volume, and 
finally transferred to polypropylene bottles for subsequent 
AAS analyses (Table I). 

Background levels of metals in the salad oil were estab- 
lished by the method of char ashing, and the less desirable 
task of preparing 12 individual method of additions curves 
was obviated. The concentration of each background metal 
so established in the oil then was added to the metal values 
obtained from the direct aspiration and the carbon rod 
techniques. 

RESULTS AND DISCUSSION 

To determine metals in oils, it is essential that a method 
be chosen in which a matched sample and a standard matrix 
can be prepared without the loss of any metal. Of the three 
methods chosen, dry ashing was the most direct approach 
and presented the greatest challenge. The following disad- 
vantages added a degree of difficulty to the char-ashing 
technique: (A) possible metal contamination from reagents 
and glassware; (B) volatility of specific metals; and (C) 
tedious, slow operation. However, distinct advantages of dry 
ashing do exist: (A) under specified conditions, it gives ac- 
curate results for several metals (8-9); (B) the results ob- 
tained for each metal are absolute and need have no correc- 
tion for naturally occurring metals added, as it required 
with the methods of direct aspiration and carbon rod; and 
(C) it eliminates the laborious task of establishing back- 
ground metal levels by the indirect method of additions. 

The direct aspiration technique also has several disadvan- 

tages: (A) standard in a base oil of known metal content 
must be prepared, (B) there is a possible lack of disassocia- 
tion between the metal and its organic anion, and (C) parti- 
cles of metal larger than 10 ~ may pass through the flame 
undetected (16). Advantages are: (A) rapidity, (B) little 
chance of positive contamination, and (C) increased sensi- 
tivity as a result of signal enhancement by ketone matrices. 
The third method selected for comparative study as the 
newer technique of carbon rod atomization. Its disadvan- 
tages are: (A) slightly less precision than flame AAS, (B) 
high initial expense, and (C) high degree of technical ability 
required. Carbon rod atomization has an impressive list of 
advantages: (A) small samples (1 ktliter); (B) rapidity (60-80 
samples/hr); (C) high degree of sensitivity due to a long 
exposure time to the resonance line (0.5 sec), i.e. a greater 
number of atoms reaching ground state and little chemical 
or emission interferences; and (D) no sample pretreatment. 

The possibility of interference from nonatomic absorp- 
tion was checked with a hydrogen continuum lamp; how- 
ever, this effect was negligible, regardless of technique. 

SAMPLE RESULTS 

The values, expressed as /1g/g, for each metal (listed in 
increasing order of concentration) in the three crude soy- 
bean oils analyzed by each method are shown in Table II. 
For most elements, the primary resonance line was used; 
however, because of their high concentration, Mg and K 
were determined at a secondary line. Values were obtained 
for all metals, except for those Ni analyses by direct aspira- 
tion where the dilution effect caused too large a drop in 
sensitivity. 

Least significant ratio (LSR) and percentage relative 
standard deviation (RSD) to the geometric mean appear in 
Table III for three different oils, as determined by the three 
different methods. When the ratios of any two values ex- 
ceed the LSR, there is a significant difference between tech- 
niques, whereas variability between oils is reflected in the 
percentage RSD. 

Some conditions that may affect the apparent precision 
are listed in Table IV. Losses because of the volatility of Zn 
and Cd have been reported (9,17). Char ashing may yield 
low results for these elements, especially if the ashing is 
carried out for sustained periods at high temperatures. Also 
during the ashing cycle of the carbon rod, similar losses 
may occur if the ashing temperature is too high even brief- 
ly. Besides volatilization, char ashing done in the open air 
can easily result in contamination, especially with the more 
ubiquitous elements, such as Na and Pb. 

As might be expected, solvent dilution of the oil re- 
quired in direct aspiration greatly reduces the effective sen- 
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TABLE III 

Geometric Mean of Three Different Oils by Three Different Techniques 

ug/g 

Metal Char ash Direct aspiration Carbon rod LSR a RSD, %b 

Cadmium 0.0075 0.0216 0.0606 2.23 43 
Nickel 0.0311 -- 0.0483 2.36 46 
Copper 0.0593 0.0443 0.0439 1.39 14 
Chromium 0.0750 0.0286 0.0163 1.57 22 
Lead 0.259 0.0594 0.230 3.86 81 
Manganese 0.494 0.499 0.580 1.16 6.7 
Sodium 1.51 1.35 1.12 1.20 7.9 
Zinc 1.74 1.20 2.18 1.15 6.3 
Iron 2.63 2.66 2.67 1.05 1.8 
Calcium 10.1 20.3 29.2 1.15 6.3 
Magnesium 47.0 47.3 42.0 1.14 5.7 
Potassium 181 199 162 1.12 5.1 

aLSR = least significant ratio. 
bCalculated from a two way analysis of variance. 
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TABLE IV 

Conditions That Affect Method Precision 

Metal Char ashing Direct aspiration Carbon rod 

Cadmium Volatility Solvent dilution 
Nickel Solvent dilution Incomplete atomization 
Copper 
Chromium Solvent dilution Incomplete atomization 

Oxidation state 
Lead Contamination Solvent dilution 
Manganese Phosphorus interface Phosphorus interface 
Sodium Contamination Contamination Contamination 

CaOH emission CaOH emission 
Zinc Volatility 
Iron Incomplete atomization 
Calcium Flame and chemical Cool flame and solvent 

interfaces interfaces 
Magnesium Too sensitive--at weakest 

resonance line 
Potassium Ionization Ionization Ionization 

sitivity and makes it diff icult  to de te rmine  the  e l ement s  
tha t  are present  in ng quant i t ies .  Of the metals with high 
vapor  pressures,  Fe, Ni, and Cr are not  a tomized  comple t e ly  
on the carbon rod. Consequen t ly ,  the carbon  rod assembly 
must  be cycled th rough  the di f ferent  heat ing stages wi th  no 
sample to remove any remaining traces o f  metal .  Signal 
depression due to  the ion iza t ion  of  K is an i m p o r t a n t  fac tor  
and may have in f luenced  the results b e t w e e n  m e t h o d s  for  K 
in this comparat ive  s tudy.  The e lement  that  is most  diffi- 
cult to de te rmine  accurately is Ca. The presence  of  organic 
solvents affects  the posi t ion of  m a x i m u m  absorbance  in the  
flame. In addi t ion ,  cooler  f lames in ter fere  wi th  Ca deter-  
mina t ion  by AAS,  such  as the  fo rma t ion  of  s table oxysal ts  
wi th  high concen t ra t ions  o f  phosphorus .  The need  for  a 
releasing agent ,  such as l an thanum or s t ron t ium,  is man-  
da tory .  The dispari ty in Ca results  (Table II) p robab ly  
can be accoun ted  for  f rom the fol lowing facts:  crude soy- 
bean oil conta ins  high quant i t ies  of  phosphorus ;  however ,  
ne i ther  the aqueous  solut ion f rom char  ash nor  the solvent  
aspirat ion solut ion con ta ined  a releasing agent.  

In the  carbon rod  a tomizer ,  the absorbance  of  Cr de- 
pends  u p o n  the oxidat ive state,  which  affects  d e c o m p o -  
si t ion kenet ics .  Preferably,  all the  Cr should  be in  the  hexa-  
valent state.  The low values for  Cr by the ca rbon  rod 
m e t h o d  might  be a t t r ibutable  to its ox ida t ion  s ta te .  

Within the  f r amework  of  condi t ions  set fo r th  in this 
compar ison ,  the fol lowing conclus ions  may be drawn:  Cu, 
Fe,  Mn, or Na may be run wi th  equal  success by any of  the  
three m e t h o d s  repor ted .  Mg and K can p robab ly  also be run 
wi th  equal  success; however ,  the  concen t r a t i on  of  these  two  
metals  in crude soybean  oil is t oo  great for  successful  use of  
the carbon  rod  a tomizer  as a reliable t echnique .  Cd is deft- 

ni te ly  lost by char ashing, wi th  the  possibil i ty tha t  some Zn 
also may be lost.  Cd, Ni, and Pb are all adversely af fec ted  
by sensit ivity l imits when the direct  aspirat ion t echn ique  is 
fo l lowed.  The use of  direct  aspirat ion or ca rbon  rod ap- 
peared to be unsuccessful  for  Cr, owing to  the oxidat ive  state 
which it must  be in for  successful  AAS. Ca was run mos t  
successfully by carbon rod a tomiza t ion  and wi th  less suc- 
cess by the o the r  two  me t h o d s ,  because a releasing agent  
was missing; such an agent is m a n d a t o r y  for b o t h  char  ash- 
ing and  direct aspirat ion.  
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