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A B S T R A C T  

Marine oils have been produced in pilot plant by 
boiling, pressing and separation of the press liquor 
from raw material (mackerel and herring) of different 
levels of spoilage. The difference in quality is ob- 
tained by varying the period of storage. Some of the 
oil samples have been refined and hydrogenated. In 
samples taken both from the raw oils and from oils at 
the different steps in the processing, organic bound 
arsenic, selenium, bromine and phosphorus are ana- 
lyzed. When the raw material deteriorates during 
storage, an increase in the selenium and phosphorus 
content  in the oils produced from these materials is 
observed, whereas the bromine and the arsenic 
content is nearly constant. During the refining the 
arsenic and phosphorus disappear almost completely 
from the oils, whereas the selenium content  is 
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reduced to about two-thirds and the bromine content  
is nearly unaffected. In the hydrogenation step the 
selenium disappears relatively fast and the bromine 
more slowly. 

I N T R O D U C T I  ON 

It is well known that, in catalytic hydrogenation of oils, 
the marine oils will cause a considerably faster inactivation 
of the catalyst than the oils of vegetable origin. Sulphur 
compounds are the most frequently occurring of these 
catalyst contaminants (1,2). However it is possible that 
other compounds present in marine oils could affect the 
catalyst. Bromine, arsenic and selenium, which are all 
present in the form of fat soluble compounds in these oils, 
can here be mentioned as potential contaminants. It has 
furthermore been observed that the poisoning of the 
catalyst in hydrogenation of marine oils becomes more 
pronounced as the quality of the raw material from which 
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FIG. 1.7 Spectrum of neutron-activated crude oil sample regis- 
tered 1.5 months after inactivation, showing the bremsstrahlung 
spectrum from 32p and the sum peak of 75Se at 0.4 MeV. 

26 

2,0 

~2_ 1,5 
x 

c 

E 
~U 

0 

o~ 1,0 
c 

c 

0 
£..) 

0,5 

75 Se 

J 

0 1  ~ , , , I , , ~ , t 

0 0,5 1,0 
Energy(MeV) 

FIG. 2. 7 Spectrum of a neutron-activated bleached oil sample 
registered 1.5 months after activation. Only the "r spectrum of 75Se 
can now be seen. 
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T A B L E  I 

T race  E l e m e n t s  in Oil P r o d u c e d  f r o m  Fish  o f  D i f f e r e n t  Q u a l i t y  

S t o r a g e ,  T V N , a  F F A  in  Se,  Br,  P, As,  
S a m p l e  L o c a l i t y  a n d  da te  o f  c a t c h  days  m g  N / I O 0  g the  oil ,  % p p m  p p m  p p m  p p m  

H e r r i n g  West  c o a s t  o f  N o r w a y  6 / 2 ] 7 0  

H e r r i n g  S h e t l a n d  13110170  

M a c k e r e l  N o r t h  Sea  2 4 / 1 0 / 7 0  

M a c k e r e l  

Cape l in  

West  c o a s t  o f  N o r w a y  8 1 9 / 7 0  

N o r t h  c o a s t  o f  N o r w a y  

0 13 0 . 6  0 . 0 9  4 ,3  < 1  6.5 
6 8 8  2 .3  0 . 1 4  4 ,0  7 2  6 .6  

13 156  6 .7  0 . 2 8  4 ,1  6 6  7 .6  
0 13 0 .2  0 . 0 2  4 ,4  6 5 .3  
2 22  0 . 6  0 . 0 4  5 ,0  12 5 ,4  
5 83  9 .8  0 . 2 2  4 , 3  111  5 .3  
8 133  16 .4  0 . 2 6  3 ,8  2 3 0  5 .3  
0 6 0 .2  0 . 0 5  3,1 < 2  5 ,2  
3 35 1.3 0 . 0 6  2 .5  8 5 ,2  
7 91 11.5  0 . 1 1  3 ,3  9 9  5 .2  

10  1 3 4  16 .5  0 .11  2 .9  1 0 6  4 . 9  
0 18 0 .3  0 .05  3 .7  8 4 . 6  
6 87  1.9 0 . 1 9  3 ,7  12 5,5 

12 141  3 .8  0 . 2 1  3 .2  2 0  4 .9  
0 31 2.5 0 . 0 9  3 .6  4 9.1 

__.b 116  10 .4  0 . 1 2  3 ,4  141 7 .8  
__.b t 9 8  10.9  0 . 1 0  3 .6  137  8.5 

a T V N  = T o t a l  vo la t i le  n i t r o g e n ;  F F A  = f ree  f a t t y  ac ids .  

b l o w  q u a l i t y  r a w  ma te r i a l .  

the oils is produced decreases. This effect can be correlated 
with an increase of the sulphur content in the oil (2). 

The presence of selenium-containing compounds in 
marine oils was demonstrated in our laboratory 1-2 years 
ago (3). No information exists to indicate whether the 
content  of these compounds increases as the raw material 
deteriorates. Concerning the bromine, it has been shown 
that bromine-containing compounds are present as both 
neutral and polar lipid soluble compounds, and it is 
suggested that the bromine seems not to be associated to 
one or more specific groups of lipids (4). It is therefore less 
probable that the bromine content of the oil will be 
affected by the quality of the raw material from which the 
oil is produced. 

The variation of the content of arsenic in oils produced 
from raw material in which the quality ranges from good to 
very bad is not known. However it has previously been 
shown that most of the arsenic is removed during the 
alkaline-refining process (5) and will probably not  have any 
inactivating effect on the catalyst. 

The purpose of this investigation was in the first instance 
to study in more detail how the selenium, arsenic, 
phosphorus, i.e., the phospholipids, and the bromine 
contents varied in oils produced from raw fish materials of 
differing qualities, and thereafter to follow these elements 
in the oils during the alkaline-refining, the bleaching and 
the hydrogenation processes. 

Neutron activation was used as an analytical method for 
determining the elements to be analyzed. Even though the 
precision of this method is not as great as other methods 
based on spectrophotometry for phosphorus per se, it is 
quite adequate for the large changes measured in the 
present work. Furthermore it is advantageous to be able to 
measure phosphorus along with selenium, arsenic and 
bromine on the same samples, especially when the deter- 
mination is performed nondestructively. 

EXPE RI MENTAL PROCEDUR ES 

Herring and mackerel were used in these experiments. In 
addition some industrially produced capelin oils of varying 
quality were analyzed. The oils were produced from raw 
materials which had been stored for varying lengths of time. 
The intervals at which samples were taken from storage 
were chosen so that the quality of the fish changed from 
good to very bad. The storage took place under anaerobic 
conditions, and the temperature was kept at a level 
corresponding to air temperature normally encountered 
during corresponding industrial storage. The storage period 

varied from 0-13 days. The condit ion of the fish material 
was characterized by analyzing the total volatile nitrogen 
(TVN) content  in the raw material, and the free fatty acid 
(FFA) content in the oils produced. (TVN and FFA were 
determined at the Norwegian Herring Oil and Meal Industry 
Research Institute.) A few chosen series of oils were then 
alkaline-refined, bleached and hydrogenated. The hydro- 
genation was carried out under standard conditions in a 
laboratory scale using nickel catalyst (3). Oil samples were 
taken at given intervals. Further information concerning the 
treatment and the characterization of the oils are given 
elsewhere (3). 

Neutron activation was used for the analysis of bromine, 
selenium, arsenic and phosphorus. Only a brief description 
of the analtyical technique is given here. Samples of ca. 
0.5 g were weighed and sealed into quartz ampoules. The 
samples, together with bromine, selenium, arsenic and 
phosphorus standards, were irradiated with thermal neu- 
trons at a flux of ca. 5 x 1012 n/cm 2 sec for 20 hr in the 
nuclear reactor JEEP 2 at Kjeller, Norway. When the 
irradiation process was completed, the oils were transferred 
to inactive glass vials, and their activities counted on a 400 
channel 3' spectrometer with a 3 x 3 in. NaI well-type 
crystal. The induced activity in bromine (82Br) and in 
arsenic (76As) with half lives of ca. 34 hr and 26 hr, 
respectively, can be measured 1-7 days after irradiation. 
The radioactive sodium isotope 24Na was detected in some 
of the samples, and in these cases the counting of the 
bromine and the arsenic activity was postl~oned unti l  the 
interference from 24 Na compton became negligible. 

When the radioactive bromine and arsenic isotopes in the 
oils had disintegrated, the radioactive selenium isotope 
755e with a half life of 120 days could be registered. The 
neutron activated phosphorus, a2p emits only/3 rays when 
decaying and can be determined by measuring the "brems- 
strahlung." After subtracting the background activity and 
the contributions from the other radioactive isotopes, in 
particular 7 s Se, the phosphorus was analyzed by summing 
up a known number  of channels in the 3' spectrum 
obtained. Figures 1-2 show examples of the 3" spectra of 
neutron-activated crude and bleached oil showing the 
presence of phosphorus and selenium, and selenium, respec- 
tively. The spectra were obtained 1.5 months after the 
irradiation. 

RESULTS AND DISCUSSION 

The results of the selenium, arsenic, bromine and 
phosphorus determinations, carried out on samples of raw 
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TABLE II 

Selenium and Bromine Content in Samples of Oil Taken at 
Different Stages in the Refining and Hydrogenation Process 

VOL. 50 

Mackerel Herring 

Stored 0 days Stored 6 days Stored 13 days Stored 0 days Stored 6 days Stored 12 days 

Se, Br, 
Sampling stages ppm ppm 

Se, Br, Se, Br, Se, Br, Se, Br, Se, Br, 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Crude  oi l  0 .09  4.5 0 .15  4.2 
A lka l i ne - r e f i ned  0 .05  4.7 0 .09  4.0 

oi l  
B leached  oi l  0 .05 3.7 0 .09  3.9 
H y d r o g e n a t e d  oil,  < 0 . 0 2  0.6 < 0 . 0 2  0.7 

10 min  
H y d r o g e n a t e d  oil,  < 0 . 0 2  0.4 < 0 . 0 2  0.4 

25 min  
H y d r o g e n a t e d  oil,  < 0 . 0 2  0.3 < 0 . 0 2  0.4 

60 rain 
H y d r o g e n a t e d  oil,  < 0 . 0 2  0.3 < 0 . 0 2  0.2 

120 min  

0.28 3.9 0.05 3.7 0.19 3.7 0.21 3.2 
0.24 3.6 0.04 3.3 0.14 3.6 0.16 3.3 

0.19 3.3 0.04 3.0 0.12 3.3 0.15 3.6 
<0.02 0.7 <0.02 0.6 <0.02 0.7 0.02 1.2 

<0.02 0.6 <0.02 0.3 <0.02 0.3 <0.02 0.9 

<0.02 0.6 <0.02 0.2 <0.02 0.5 <0.02 0.8 

<0.02 0.4 <0.02 0.2 <0.02 0.2 <0.02 0.5 

oil p r o d u c e d  f r o m  the  same raw mater ia l  wh ich  had  been  
s to red  at  d i f f e ren t  l eng ths  of  t ime,  are s h o w n  in Table  I. 
Even t h o u g h  relat ively few samples  have been  ana lyzed  in 
each  series, the  resul ts  ind ica te  t h a t  a s igni f icant  increase  in 
the  a m o u n t  of  ex t r ac t a b l e  se lenol ip ids  occurs ,  du r ing  this  
pe r iod  of storage.  The  resul t s  also ind ica te  t ha t  the  ma in  
release of  these  se lenol ip ids  f rom the  t issue and  i n to  the  
ex t r ac t ab l e  oil phase  takes  place a f te r  4-6 days  storage.  The  
e x t r a c t i o n  of  p h o s p h o l i p i d s  seems to fo l low the  same 
pa t t e rn .  F r o m  a re la t ively  low level of  2-10 p p m  phos -  
p h o r u s  in  the  beg inn ing  o f  the  s torage  pe r iod  (0-4 days) ,  
the  c o n t e n t  increases  w i t h  a f ac to r  of  5-10 dur ing  the  n e x t  
5-6 days. In the  case of  b r o m i n e ,  the  resul ts  show t h a t  the  
c o n t e n t  o f  th is  e l e m e n t  is a p p r o x i m a t e l y  c o n s t a n t  in oils 
p r o d u c e d  f rom the  same raw mater ia l .  This  is in acco rdance  
w i t h  earlier resul ts  w h i c h  show t h a t  b r o m i n a t e d  c o m p o u n d s  
are d i s t r i bu t ed  a m o n g  b o t h  po la r  and  n o n p o l a r  l ipids (5).  
Even the  c o n t e n t  of  a rseno  c o m p o u n d s  does n o t  seem to be 
d e p e n d e n t  u p o n  the  qua l i ty  of  the  raw mate r i a l  f r o m  w h i c h  
the  oil is p r o d u c e d ,  in  spi te  of the  fac t  t h a t  the  a rseno 
organic  c o m p o u n d s  m u s t  be cha rac t e r i zed  as typ ica l  po la r  
l ipids.  No a b s o r p t i o n  of  these  c o m p o u n d s  to the  t issue 
seems to  take  place in the  same way as w i th  the  se leno and  
phospho l ip ids .  

The  resul ts  of  the  b r o m i n e  and  se len ium analyses  of  the  
oil samples  t a k e n  at  d i f f e r en t  stages du r ing  the  process ing  
of  the  oil are p r e sen t ed  in Table  II. They  also c o n f i r m e d  
t h a t  the  p h o s p h o l i p i d s  and  the  a rseno organic  c o m p o u n d s  
are washed  a lmos t  quan t i t a t i ve l y  ou t  dur ing  the  a lkal ine  
t r e a t m e n t .  Ne i the r  b r o m i n e  n o r  se len ium are r e m o v e d  
du r ing  the  a lka l ine- ref in ing  and  the  b l each ing  of  the  oil. 
Here the  se len ium c o n t e n t  is on ly  r educed  to a b o u t  
one- th i rd .  In  the  case of  b r o m i n e ,  t he  d i f f e ren t  re f in ing  
s teps seem t o  have l i t t le  or  n o  effect .  

Dur ing  the  h y d r o g e n a t i o n  process  a s igni f icant  fall in  
b o t h  the  se len ium and  b r o m i n e  c o n t e n t s  is observed .  This  is 
m o s t  p r o n o u n c e d  for  the  se len ium,  wh ich  d isappears  a l m o s t  
c o m p l e t e l y  a l ready a f te r  a h y d r o g e n a t i o n  pe r iod  of  10 rain.  
The  b r o m i n e  disappears  more  slowly.  However  due  to  a 
cons ide rab le  h igher  c o n t e n t ,  the  b r o m i n e  c o m p o u n d s  may  
have a more  p r o n o u n c e d  e f fec t  on  the  ca ta lys t  as an 
inac t iva t ing  agent .  

On  the  basis  of  these  resul ts  one  can  c o n c l u d e  t h a t  b o t h  
b r o m i n e  and  se len ium organic  c o m p o u n d s  p r e sen t  in 
mar ine  oils seem t o  have an  inac t iva t ing  e f fec t  o n  the  
ca t a ly s t  du r ing  the  h y d r o g e n a t i o n  of  the  oils. The  b r o m i n e  
c o n t e n t  of  the  oils will in the  ma in  be i n d e p e n d e n t  of  the  
qua l i ty  of  the  raw mater ia l  f rom wh ich  the  oil is p r o d u c e d ,  
while  the  c o n t e n t  of  the  se len ium will increase  as the  raw 
mate r i a l  de te r iora tes .  Since the  p resence  of c o r r e s p o n d i n g  
se len ium and  b r o m i n e  organic  c o m p o u n d s  in vege tab le  oils 
has n o t  been  de tec t ed ,  the  e f fec t  of  these  c o m p o u n d s  will 
be a charac te r i s t i c  of  m a r i n e  oils w h e n  t hey  are h y d r o -  
genated.  
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