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ABSTRACT 

Volatile substances obtained by steam distillation 
were analyzed by gas chromatography for the detec- 
tion of  heat transfer media in contaminated edible 
vegetable oil. It  was found that a recovery of  more 
than 90% of  the contaminant  was obtained by 
distillation of  10 g sample oil for 120 min and that  a 
larger quanti ty of sample oil caused a decrease of 
recovery ratio. The detect ion limits were 0.2 ppm for 
Dowtherm A and 0.5 ppm for KSK Oil 260. It was 
found also that  this method can be applied to the 
detect ion of heat transfer media in the secondary 
products,  such as mayonnaise,  salad dressing, and 
french dressing. 

INTRODUCTION 

In 1973, an oil refinery in Japan shipped rapeseed oil 
contaminated accidentally with heat transfer media con- 
taining the components shown in Table I. This accident was 
reported sensationally by newspapers and other media in 
Japan. As we had processed several lots of this sample oil, 
we were obliged to analyze quantitatively the heat transfer 
media in this rapeseed oil. 

Hayashi, et al., (1) examined biphenyl  in oranges 
quantitatively by gas chromatography after steam distilla- 
t ion, and Takagi (2) analyzed it by spect rophotometry  and 
gas chromatography after pretreatments,  such as extraction 
of unsaponifiable matter,  column chromatography,  and 
thin layer chromatography (TLC). The Association of  
Official Analytical Chemists'  (AOAC) Methods (3) gives the 
quantitative analysis of  biphenyl in oranges by spectro- 
photomet ry  after steam distillation and separation by TLC. 
Takagi and Aoyama (4) employed an unsaponifiable mat ter  
extraction method and a solvent part i t ion method to detect 
heat transfer media in oil. In these methods,  however, 
complicated t ime consuming procedures and advanced 
techniques were necessary. A modified method by steam 
distillation and gas chromatography based upon the AOAC 
method is discussed which may represent a simple, rapid, 
precise method for which to analyze rapeseed oil and 
secondary food products for the presence of  heat transfer 
media. 

PROCEDURES 

Recovery Ratio 

Sample oil (10 g), 500 nfl distilled water, and a few 
pieces of zeolite were placed in a 1000 ml flask and fi t ted 

T A B L E  I 

Composition of  Heat Transfer Media  

Component Percent 

D o w t h e r m  A,  40% 
Bipheny l  e the r  73.5 
Bipheny l  26.5 

KSK Oil 260,  60% 
Bipheny t  2.3 
Monoisopropyl-te trahy dronaphthalene 33.6 
Monoisopropyl-naphthalene 31.3 
Diisopropyl-naphthalene 32.8 
Diisopropyl-tetrahydronaphthalene 

to a distilling apparatus used for essential oil analysis, as 
shown in Figure 1. Distilled water (3 ml) and 2 ml 
n-heptane as collecting solvent were placed in the side tube 
along with diplienylethane added as an internal standard. 
After  distillation, the n-heptane layer was placed in a 5 ml 
flask and dehydrated with anhydrous sodium sulfate. This 
solution (1 /a-liter) was injected into a Shimazu GC-5A gas 
chromatograph equipped with a flame ionization detector  
and operated at a temperature of  130 C with nitrogen, 40 
ml/min, as the cartier gas. The column was a 2 m x 3 mm 
inside diameter glass tube,  packed with Chromosorb W 
coated with 3% OV-17. 

Recovery ratios of rapeseed oil containing 10 ppm 
Dowtherm A were examined after a distillation time of  
15-180 rain. To increase detection limit, 25 g and 50 g 
sample were taken. As the actual problem oil seemed to 
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FIG. 1. Distillation apparatus for essential oil. 
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FIG. 2. Experimental deodorizing apparatus. (A) Vacuum pump, 
(B) manometer, (C) crushed ice, (D) 300 ml flask, (E) water cooler, 
(F) 2000 ml flask, (G) sample oil, (H) mantle heater (I) thermom- 
eter, (J) electric heater, (K) mieropump for water, and (L) distilled 
water. 
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FIG. 4. Gas chromatogram for control rapeseed oil. 
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FIG. 3. Gas chromatogIam for standard Dowtherm A, 

contain less than I0 ppm, recovery ratios of  rapeseed oil 
containing 5 ppm and 1 ppm Dowtherm A were examined. 

Detection of Dowtherm A in Secondary Products 

Mayonnaise (oil content 70%), salad dressing (oil 40%), 
and french dressing (oil 40%) using rapeseed oil containing 
10 ppm Dowtherm A were produced experimentally by the 
same formulas and procedures as commercial products,  and 
the recovery ratios determined. 

Detection of KSK Oil 260 
KSK Oil was analyzed by the same procedure as 

Dowtherm A. 

Analysis of Contaminated Oil 
Seventeen lots of contaminated rapeseed oil s tored in 

our laboratory and 42 samples of mayonnaise using this 
rapeseed oil were analyzed by the above procedure. 

Evaporation of Heat Transfer Media under Deodorizing 
Conditions 

The evaporation of  heat transfer media under the usual 
deodorizing condit ion was examined, using a pilot deodor- 
izing apparatus shown in Figure 2. The deodorizing 
conditions were as follows: t empera tu re ,  230 C; vacuum, 
10 mm/Hg; injected steam, 1 ml/min as water; sample oil, 
500 g; concentration of heat transfer media in sample oil, 
50 ppm; and deodorizing t ime, 3, 7, 10, 15, 30, 45, and 60 
min. 

RESULTS AND DISCUSSION 

The gas chromatograms for standard Dowtherm A, 
control  rapeseed oil, and rapeseed oil containing 1 ppm 
Dowtherm A are shown in Figures 3-5. Recovery ratios of  
Dowtherm A from rapeseed oil containing 10 ppm are 
shown in Table II. Recovery ratio of more than 90% was 
obtained by distillation for 120 min, which was much 
longer than the time required for determination of  biphenyl 
in orange as reported by Hayashi, et al. (1). 

It was assumed that  the difference was caused by the 
fact that the heat  transfer media in our s tudy were 
dissolved in oil. This made them more difficult to remove 
than the biphenyl  in oranges which was emulsified in 
water. An increase in the quant i ty  of sample oil to obtain a 
higher detect ion limit was not  suitable as a quantitative 
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FIG. 5. Gas chromatogram for rapeseed oil with 1 ppm of 
Dowtherrn A. 

method, because the recovery ratio decreased. Recovery 
ratios more than 90% also were obtained from the oils 
containing 5 and 1 Ppm heat transfer media, and the 
detection limit of this method seemed to be 0.2 ppm or 
less, considering the ht of the peak on the gas chromato- 
gram. This method was used as a practical analytical 
procedure. 

Recovery ratios of Dowtherm A in secondary products 
are shown in Table III. The recovery ratio from the 
products containing rapeseed oil was similar to that 
obtained from the oil. From a french dressing containing 
several kinds of spice oil, many interfering peaks were 
observed on the gas chromatogram, but little trouble was 
encountered, because these peaks appeared earlier than the 
peaks of the heat transfer media. 

The gas chromatogram of  standard KSK Oil 260 is 
shown in Figure 6. The peaks on the chromatogram of  KSK 
Oil 260 were smaller than those produced by Dowtherm A, 

TABLE II 

Percent Recovery of Dowtherm A from Rapeseed Oil 
Containing 10 ppm 

Distillation time (min) 

Wt (g) 15 30 60 90 120 180 

10 33.5 45.9 67.9 83.1 91.8 93.1 
10 a . . . . . . . . . . .  94.O --- 
10 b . . . . . . . . . . . .  90.9 --- 
25 . . . . . . . . . .  54.8 --- 
50 . . . . . . . . . . . .  35.0 --- 
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FIG. 6. Gas chromatogram for standard KSK Oil 260. 

so the detection limit would seem to be 0.5 ppm or less. 
The recovery ratio of KSK Oil 260, 87.6%, was less than 
that of Dowtherm A. 

Takagi and Aoyama (4) stated that the analysis of 
biphenyl by distillation could be performed with relative 
ease, even if emulsifiers were present in the sample, and, in 
addition, there was little interference from reagents or 
solvents. This was found to be true in our study in which, 
not only biphenyl, but also other components were 
analyzed. 

In spite of the fact that a pin hole actually was observed 
in the coil of the second tray of the deodorizer of the 
refinery (Fig. 7) and the heat transfer media must have 
contaminated the oil, no heat transfer medium was de- 
tected in either the sample oil stored in our laboratory or 
the products made from this oil. The same result was 
reported by other laboratories which analyzed other lots of 
this oil by different methods. The evaporation of  heat 
transfer media under deodorizing condition was examined. 
The results are shown in Table IV. No heat transfer medium 
was detected in oil containing added 50 ppm of the media 
and then deodorized experimentally for 15 min at 230 C 
and 10 mm/Hg. This treatment is milder than the actual 
conditions in the refinery. In the plant deodorizer, the heat 

TABLE III 

Recovery Ratio of Dowtherm A from Secondary Products a 

Products Recovery ratio (%) 

Mayonnaise (oil "/0%) 87.8 
Salad dressing (oil 40%) 93.5 
French dressing (oil 40%) A 92.4 
French dressing (oil 40%) B 92.9 

as ppm. aQuantity of sample: 10 g; distillation time: 120 rain; con- 
bl ppm. centration of Dowtherm A in sample oil: 10 ppm. 
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FIG. 7. Deodorizing process in the refinery. Volume of 
Dowtherm boiler, 1170 liter; volume of heat transfer media, 800 
liter. Temperature of heat transfer media gas, 280-300 C; tempera- 
ture of oil at first tray, 150 C; temperature of oil at second-fifth 
trays, 270-280 C. Vacuum in deodorizer, 2-4 mm/Hg. Volume of 
tray, each 400 liter. Holding time in each tray, 16-20 min. 

t ransfer  media  c o n t a m i n a t e d  rapeseed oil in the second  t ray 
was hea ted  to  270-280 C at a vacuum of  2-4 mm/Hg ,  and 
the  t empe ra tu r e  and vacuum were held  for  ca. 70 min unt i l  
the  oil was discharged in to  the s ix th  tray.  Thus,  the reason 
no  heat  t ransfer  m e d i u m  was de t ec t ed  in the  oil samples  

TABLE IV 

Evaporation of Heat Transfer Media under Deodorizing Condition 

Retained heat transfer me dia (ppm) a 

Deodorizing time (rain) 

0 3 7 10  15 
45.2 8.3 2.9 1.0 --- 

aRecovery ratio is not considered. 

apparen t ly  was due to  suff ic ient  hea t  t r e a t m e n t  in the  
deodor ize r  to  remove  the  con t aminan t s  effect ively.  
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