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In the determination of trace amounts of copper and 
iron in edible salad oils by graphite furnace atomic 
absorption spectroscopy {GFAAS}, an ashing method 
with low temperature oxygen plasma was used to ef- 
fectively eliminate the interference of the organic ma- 
trix. Two sample preparation methods were studied, 
extraction with concentrated nitric acid followed by 
ashing with the low temperature oxygen plasma to 
determine the yield of extraction, and direct analysis 
of the metal content after dilution with methyl isobu- 
tyl ketone (MIBK}. Results obtained from these meth- 
ods were compared with the background absorbance 
by inductively coupled plasma-atomic emission spec- 
troscopy (ICP-AES}. 

During the processing of edible salad oils, catalysts 
ICu and Fe} are sometimes added during hydrogena- 
tion to reduce linolenic acid {1). If the Cu and Fe con- 
tained in edible salad oil exceed 100 ng/g, they cause 
oxidation to continue, deteriorating the quality of the 
oil and producing a displeasing odor {2,3}. It  is difficult 
to remove metallic compounds completely during proc- 
essing if the diameters of the particles are under 2 ~m 
14). Therefore, routine analyses for traces of Cu and 
Fe are necessary in edible salad oils. After having been 
through wet digestion, high pressure bomb digestion 
or microwave heating with acid digestion, samples usu- 
ally will have residues on the top layer of fat. The 
residues are hard to dissolve with strong acids {such 
as nitric acid) by either the charring method {3-6), the 
organic solvent dilution method t6-8), or even by the 
less complicated method of mixing the extract with 
concentrated nitric acid {9). The most favored pretreat- 
ment method is the high temperature ashing method 
in which the organic substance can be removed com- 
pletely; however, many papers I5,7-10) report that this 
method still has disadvantages due to complicated steps 
that lead to systematic errors. 

Since first introduced by Thomas Ill), the method 
of low temperature oxygen plasma ashing has gained 
wide popularity because it can remove the organic ma- 
trix completely. But the ashing process still takes a 
long time, because this method depends on oxygen 
without resorting to any added reagent. The oxygen 
plasma is oxidized to ash at a low temperature range 
{50-180 C) to remove interference from organic sub- 
stances; this is similar to the analysis of metal content 
in water. Edible salad otis, when dried by suction, will 
form a strong, brown, glue-like substance which will 
limit the rate of ashing by blocking the passage of the 
oxygen plasma. Although the ashing process can be 
accelerated by adding filter paper and powdered corn 
starch as proposed by List et al. (12} and Tamura et al. 
113), they are hard to obtain in high purity. Results 

obtained by List et al. that  are far below those ob- 
tained by other methods may be attributed to the loss 
resulting from the high ashing power {180-200 W) {14). 

By dilution of samples with kerosene, Dijkstra et 
al. {7} obtained very good results; the metal contents 
are analyzed directly by inductively coupled plasma- 
atomic emission spectroscopy IICP-AES). In order to 
reduce equipment costs and fuel consumption, a low 
temperature oxygen plasma ashing method was ex- 
plored in the present experiment. It was applied to 
edibloe salad oils that had been diluted with methyl 
isobutyl ketone {MIBK) and then analyzed by graphite 
furnace atomic absorption spectroscopy {GFAAS). 

In order to study the feasibility of extraction with 
concentrated nitric acid or concentrated nitric acid with 
hydrogen peroxide, we analyzed the acid solution after 
extraction and the top layers of the residues. 

EXPERIMENTAL 

Reagents and containers. Water used in this experi- 
ment was deionized, treated with active carbon and 
antiosmosis, and then deionized again. Finally, it was 
distilled through a two-section quartz distiller. All re- 
agents used are of E. Merck's analytical reagent grade. 
The standard solutions were E. Merck Tritisol-9987 
and 9972 aqueous solutions for Cu and Fe, respec- 
tively, and E. Merck Art. 15055 and 15068 oil stan- 
dard for Cu and Fe, respectively. The containers were 
made of pyrex, quartz or teflon. Containers were soaked 
in 6N nitric acid overnight and then washed with water. 

Apparatus. The low temperature oxygen plasma 
asher ILTA} was a Branson/IPC 1000 with a radiofre- 
quency ware of 13.56 MHz, 550 W Maximum output 
and or 800 1/min vacuum pump. For graphite furnace 
atomic absorption spectroscopy {GFAAS), the main 
body was an Instrumentation Laboratory IL-257 model 
with a D2 lamp for background correction, an IL-555 
Atomizer and an IL-FASTAC 254 automatic sampler. 
Inductively coupled plasma-atomic emission spectros- 
copy {ICP-AES) was done with a Kontron AGS-35 
{sequential series). The radio frequency was 3.5 KW, 
spectrum 200-500 nm, grating dimension 80 X 100 
mm, linear dispersion 0.6 nm/mm and optical resolu- 
tion {FWHM} 0.015 nm. 

Sample processing. For the low temperature oxy- 
gen plasma ashing method, a 3-4 g sample of edible 
salad oil was weighed into a quartz dish 3 cm high and 
6 cm in diameter: The dish was placed in the low tem- 
perature ashing furnace, and the air inside the furnace 
was pumped out slowly for one hr, followed by a faster 
rate for four hr to maintain the vacuum below 0.1 Torr. 
The volume of the sample did not exceed one-tenth 
that of the ashing dish, because thick layers of salad 
oil cause bubbles that  can overflow from the dish. 
Samples were completely ashed under an oxygen flow 
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rate at 250 ml/min at several radio frequencies. The 
color of the oxygen plasma turns from bright  blue to 
dark pink indicating that  ashing is completed. About  
40-48 hr are required to ash eight 4-g samples. The 
sample was removed, dissolved in 10 ml 0.1N nitric 
acid, and then applied directly with G F A A S  to deter- 
mine its metallic content. 

For acid extraction with nitric acid and nitric acid 
with hydrogen peroxide, samples (7-8 g) of salad oil 
were weighed into 100 ml round-bottomed flasks. To 
some samples 20 ml of concentrated nitric acid were 
added, and to others 20 ml concentrated nitric acid 
together with 6 ml of 35% hydrogen peroxide were 
added. These solutions were mixed at 800 rpm for 24 
hr with a magnetic stirrer. After centrifugation, the 
top layer of the mixed solutions had oil residues which 
were ashed in accordance with the low temperature 
oxygen plasma ashing procedure above. The lower layer 
of the acid solution was diluted four times with water 
prior to being ana lyzedby  GFAAS.  

For direct injection after M I B K  dilution, samples 
uniformly mixed with M I B K  at a h2  ratio were ana- 
lyzed directly by G F A A S  for determination of metallic 
content. 

An IL-254 FASTAC automatic sample injector was 
used to inject the samples and the s tandard solutions 
into the carbon rods for determination with GFAAS.  
Then, Cu was measured at 324.7 nm with a 5 mA lamp 
current at 530 V. Fe was measured at 248.3 nm with a 
10 mA lamp current at 620 V. All other instrumental  
operating conditions adopted as operational manual. 

RESULTS AND DISCUSSION 

Investigation of the conditions for low temperature 
oxygen plasma ashing. When we ashed salad oils in a 
low temperature oxygen plasma asher, we found no 
water if the vacuum was near 0.1 Torr, unlike results 
from general biological samples. Passage  of oxygen  
through the sample forms a film that  takes 4 to 8 hr 
to solidify. Because salad oils are composed mainly of 
carbon and hydrogen, no residues were found on the 
dish after ashing. The metals can easily be washed out 
with 0.1N nitric acid and applied directly to the GFAAS.  

During ashing with a low temperature oxygen plasma, 
the most  i m p o r t a n t  factor affecting the efficiency of 
the ashing is the input power in the radio frequency 
coil. Using powdered graphite (a material which has 
the fastest  reaction rate} for an example, if the ashing 
power is raised from 30 W to 110 W, the corresponding 
temperature for the ashing is raised from 75 C to 198 
C. If  good ashing is to be efficiently obtained, the 
ashing power must  be adjusted for differences in com- 
position and forms of various biological samples. As 
shown in Figure 1, when the power is lower than 70 W 
or higher than 120 W, the ashing time changes radi- 
caUy. In the power range between 90 and 120 W, the 
time needed for ashing changes moderately. If  the ash- 
ing power is too high (>120W), then there is an obvious 
loss of metals. The range of choice is between 90 and 
l l 0 W  for power and 50 and 40 hr for ashing time for 
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FIG. 1. Ashing times and measured concentrations at different 
ashing power levels of an edible salad oil. 

TABLE 1 

Comparison of Cu Concentration in Various Salad Oil Samples and Standard Oils Obtained by Different 
Pretreatment Methods 

Cu concentration, ppb a 

Low temp Conc HNO 3 Conc HNO3-H202 Direct 
No. Sample b ashing extraction extraction (MIBK dilu) 

A Soybean salad oil 33 • 2 58 • 2 74 • 2 31 • 3 
B Soybean salad oil 10 • 1 68 • 3 100 • 3 11 • 2 
C Soybean salad oil 23 • 2 56 • 3 65 • 2 25 • 3 
D Soybean salad oil 33 _+ 1 57 • 2 83 • 2 36 • 3 
E Soybean salad oil 16 • 2 62 • 3 75 • 2 14 • 2 
F Corn oil 27 • 1 7 0 •  9 3 •  26•  2 
G Sunflower oil 28 • 1 119 • 3 164 • 4 25 • 2 
H E. Merck blank st'd 28 • 1 27 • 2 

Oil (Art. 13898) 
I E. Merck Cu-st'd oil 96 • 2 

(Art. 15055-100 ppb) 
aAverage of three independent determination. 
bDifferent brands of edible salad oil purchased at supermarket. 
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TABLE 2 

Comparison of Fe Concentration in Various Salad Oil Samples and Standard Oils Obtained by Different 
Pretreatment Methods 
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Cu concentration, ppb a 

Low temp Conc HNO 3 Conc HNO3-H202 Direct 
No. Sample b ashing extraction extraction (MIBK dilu) 

A Soybean salad oil 46 _ 2 176 • 3 235 • 7 44 - 3 
B Soybean salad oil 59 • 2 230 • 9 246 • 9 62 • 3 
C Soybean salad oil 83 • 3 128 • 7 173 • 6 80 • 3 
D Soybean salad oil 54 • 2 97 • 6 151 • 7 52 • 3 
E Soybean salad oil 121 • 5 178 • 7 314 • 9 124 • 6 
F Corn oil 78 • 3 215 • 5 218 • 6 72 - 4 
G Sunflower oil 60 • 2 101 • 4 137 • 5 62 • 3 
H E. Merck blank st 'd  131 • 3 134 • 5 

Oil (Art. 13898) 
I E. Merck Fe-st 'd oil 97 • 3 

(Art. 15068-100 ppb) 

aAverage of three independent determination. 
bDifferent brands of edible salad oil purchased at supermarket. 

edible salad oils. Results  from analysis of seven com- 
mercial salad oils and one s tandard  oil are shown in 
Tables 1 and 2. 

Investigation of acid extraction with conc HNO 3 
and conc. HNO3-H20z When a salad oil is reacted with 
nitric acid, analysis of the spec t rum can be compli- 
cated because the sample is not completely oxidized 
and because of interference from the acid. F rom Figure 
2, the emission spectra  of samples  are compared to- 
gether with background spectra.  The background spec- 
t r um rose drastically from 1400 counts/s to 1900 counts/ 
s (or from curve a to curve b) between water  and 4N 
HNO3. When the acid solution contains organic resi- 
dues, the background rises still further. Curve c repre- 
sents  an aqueous s tandard  solution and curve d a sam- 
ple f rom which the organic  subs tances  have  been 
removed by  LTA. Curves e and f represent  salad oils 
mixed with  conc HNO3 or conc HNO3-H202. One can see 
tha t  the emission spect ra  went  up remarkab ly  for curves 
e and f. Even  the background of curves e and f exceeds 

the measured values of curves c and d. Results  shown 
in Tables 1 and 2 may  well explain the interference due 
to organic substances  tha t  cause higher measured  val- 
ues. After  extract ion with HNO3 and HNO~-H202, resi- 
dues from the upper  layers were inves t iga ted  by  the 
LTA method. Results  are shown in Table 3; the extrac- 
tion yield is about  60-70%. The above results  show 
tha t  in order to have accurate G F A A S  readings, inter- 
ference f rom organic  subs tances  should be reduced.  
Ext rac t ion  with HNO3-H202 shows higher measured 
values than with conc HNO3 alone. 

Investigation of direct analysis after dilution with 
MIBK.  The mos t  significant difference between analy- 
sis of a sample in an organic solvent and one resul t ing 
f rom solution f rom a mineral  acid solvent  is tha t  the 
organic substances  can be removed  at low charr ing 
tempera ture .  Thus,  the possibili ty of loss is reduced. 
As shown in Figure 3 m a x i m u m  absorpt ion can be 
achieved at  a charr ing t empera tu re  around 300 C. There 
will be no significant loss below 400 C. In a mineral  
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FIG. 2. Investigation of emission spectra of copper in various 
solution media, a, neutral pure water; b, 4N nitric acid; c, Cu 
standard solution, 30 ppb, in 4N nitric acid; d, salad oil sample 
treated by LTA followed by dissolving in 4N nitric acid; e, salad 
oil sample treated by nitric acid extraction followed by adjusting 
to 4N nitric acid; f, salad oil sample treated by nitric acid- 
hydrogen peroxide extraction followed by adjusting to 4N nitric 
acid. 
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FIG. 3. Maximum charring temperature  for salad oil sample 
after MIBK dilution. 
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T A B L E  3 

Recovery of Cu and Fe by Acid Extraction of Salad Oil and Their Contents in the Residual Oil After 
Acid Extraction 

Residual oil, ppb Extraction yield, (%) 

Element a conc HNO3 conc HNO 3 + H202 conc HNO 3 conc HNO 3 + H202 

Cu 13 +_ 1 10 +_ 1 60.6 69.7 
Fe 19 +_ 2 15 +- 1 58.6 67.3 

aThis sample is the same as A in Tables 1 and 2. 

acid solut ion,  the  cha r r ing  t e m p e r a t u r e  genera l ly  ex- 
ceeds 500-600  C. A t  such high c h a r r i n g  t empera tu res ,  
loss and  incomple te  a sh ing  m a y  occur. 

F r o m  the resu l t s  ob ta ined  here, the  ana lys i s  of the  
edible sa lad  oil can  bes t  be pe r fo rmed  by  the  direct  
ana lys i s  m e t h o d  wi th  M I B K  di lut ion.  This  simple,  qu ick  
and  accura te  m e t h o d  can be used  in  bo th  rou t ine  work 
and  on-line analysis .  
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