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ABSTRACT 

The  presence  o f  volat i le ,  n o n p o l a r  b r o m i n e -  
c o n t a i n i n g  c o m p o u n d s  in mar ine  organisms is d e m o n -  
s t ra ted.  These  c o m p o u n d s  rep resen t ,  especial ly in 
t issue c o n t a i n i n g  a h igh  fat  c o n t e n t ,  ca. 0.1-1.0% of  
the  to ta l  a m o u n t  of  b r o m o  organic  c o m p o u n d s  
p resen t  in mar ine  oils. In  t issue wi th  a low fat  
c o n t e n t ,  a h igher  c o n c e n t r a t i o n  of  b r o m o  organic  
c o m p o u n d s  is f o u n d .  I t  is c o n c l u d e d  t h a t  these  
c o m p o u n d s  are p r o b a b l y  syn thes i zed  in one or more  
stages in  the  mar ine  food  chain .  These  c o m p o u n d s  
may  fol low and  d i s tu rb  the  analyses w h e n  isola t ing 
a n d  d e t e r m i n i n g  c h l o r i n a t e d  h y d r o c a r b o n s  or ig ina t ing  
f r o m  indus t r ia l  and  o t h e r  sources  of  po i lu t i on .  

I NTRODUCTI ON 

I t  has been  shown  t h a t  mar ine  oils c o n t a i n  l ipid soluble  
b r o m o  organic  c o m p o u n d s  (1-3).  The  c o n t e n t  of  organic  
b o u n d  b r o m i n e  varies b e t w e e n  3 and  50  ppm.  When  
samples  of  mar ine  oils are f r a c t i o n a t e d  on a silica gel 
c o l u m n  us ing  m i x t u r e s  of  c h l o r o f o r m  and  m e t h a n o l  as 
e lu t ing  agents ,  b r o m i n e  is f o u n d  in all the  groups  of  
d i f fe ren t  c o m p o n e n t s  f r ac t iona ted .  I t  does  n o t  seem t h a t  
the  b r o m i n e  is loca l ized  to  any  pa r t i cu la r  g roup  of  
c o m p o u n d s .  I t  is c o n c l u d e d  t h a t  mar ine  organisms are able  
to  syn thes ize  l ipid so luble  b r o m o  organic  c o m p o u n d s  (3) .  

In c o n n e c t i o n  wi th  c o n t a m i n a n t s  t h a t  are released f rom 
indus t r ia l  and  o t h e r  sources  of  po l lu t ion ,  ex tens ive  s tudies  
involving the  analysis  and  cha rac t e r i za t ion ,  especial ly  of  
c o m p o u n d s  cons i s t ing  of  c h l o r i n a t e d  a l iphat ic  and  a roma t i c  
h y d r o c a r b o n s ,  have  been  in i t ia ted .  These  c o m p o u n d s  are in 
the  ma in  l ipid so luble  and  w h e n  p re sen t  in the  mar ine  
e n v i r o n m e n t  they  t end  to  be s to red  and  also en r i ched  in the  
l ipid phase  in mar ine  organisms.  A l t h o u g h  the  e f fec t  of 

m a n y  of  these  c o m p o u n d s  is n o t  k n o w n ,  one  m u s t  assume 
tha t  t hey  will be h a r m f u l  w h e n  p r e sen t  even  in smal l  
quan t i t i es .  This  appl ies  pa r t i cu la r ly  to  those  organs  such  as 
fish liver tha t ,  in  add i t i on  to be ing  a s torage place for  fat ,  
also have a h igh  e n z y m e  act ivi ty .  

Most  of  these  c o m p o u n d s  m a y  be en r i ched  by  s t eam 
dis t i l la t ion  us ing  a n o n p o l a r  so lven t  such  as c y c l o h e x a n e  to  
col lec t  the  dist i l led c o m p o u n d s .  

The  presence  of  h a l o g e n a t e d  c o m p o u n d s  has  been  
d e m o n s t r a t e d ,  ma in ly  by  gas c h r o m a t o g r a p h y  (GC) ,  where  
an EC-de t ec to r  ( e l ec t ron  cap tu re )  has  b e e n  used.  By 
c o n n e c t i n g  the  GC wi th  a mass  s p e c t r o m e t e r  (MS) it  is 
possible  to  i den t i fy  ' t h e  var ious  c o m p o n e n t s .  In o rder  to  
carry  o u t  such  an iden t i f i ca t ion  ca. 10 ng  or m o r e  of  each  
c o m p o u n d  is requi red .  Using a gas c h r o m a t o g r a p h  w i th  an 
EC-de tec to r  only ,  i t  is n o t  poss ib le  to  d i s t ingu i sh  b e t w e e n  
ch lo r ina t ed ,  b r o m i n a t e d ,  i o d i n a t e d  or o t h e r  EC-sensi t ive 
organic  c o m p o u n d s .  A m o n g  the  l a t t e r  some  esters ,  ke tones ,  
n i t ro  c o m p o u n d s  and  th io les  shou ld  be  m e n t i o n e d .  A n  
i den t i f i c a t i on  of  the d i f f e ren t  c o m p o u n d s  d e p e n d s  here  on  
avai lable s t andards .  

Re la t ing  to  the  po l l u t i on  aspec t ,  i t  s h o u l d  be of  in t e res t  
to  d e t e r m i n e  w h e t h e r  there  exis t  vola t i le  c o m p o u n d s  
a m o n g  the  l ipid so luble  b r o m o  organic  c o m p o u n d s ,  wh ich  
m a r i n e  organisms are able to  syn thes i ze  themselves .  They  
may  then  be de t ec t ed  u n d e r  the  same c o n d i t i o n s  app ly ing  
to the  d e t e c t i o n  of  the  c h l o r i n a t e d  h y d r o c a r b o n s  f rom 
p o l l u t i o n  sources.  

Such  a h y p o t h e s i s  cou ld  be c o n f i r m e d  if  one  were able 
to  d e m o n s t r a t e  the  p resence  of  b r o m o  organic  c o m p o u n d s  
a m o n g  the  volat i le  organic  c o m p o u n d s  t h a t  can  be s team 
dist i l led f rom mar ine  organisms.  Fo l l owing  such  a distil-  
l a t ion  the  abso lu te  q u a n t i t y  of  b r o m i n e  p r e sen t  can  be 
d e t e r m i n e d  by  n e u t r o n  ac t iva t ion  of  the  c y c l o h e x a n e  
phase.  

TABLE I 

The Bromine Content (ppb in the Lipid Phase) 
in the Volati le,  Nonpolar Fraction of Marine Organisms 

Organism Sample 
Yield 

Locality of oil, % 

Br/~g/kg oil, ppb 

1 Dist. 2 Dist. 

Cod liver oil 
Cod liver oil 
Cod liver oil 
Cod liver oil 
Cod 
Cod 
Cod 
Cod 
Cod 
Mackerel 
Halibut 

Halibut 

Capelin 
Capelin 
Herring 
Shrimp 
Mussel 
Se awe e d 

Seaweed 

Gadus morhua 
Gadus morhua 
Gadus morhua 
Gadus morhua 
Gadus morhua 
Gadus morhua 
Gadus morhua 
Gadus morhua 
Gadus morhua 
Scomber  scomber  
Hippoglossus 

hippoglossus 
Hippoglossus 

hippoglossus 
Mallotus villosus 
Mallotus villosus 
Clupea harengus 
Pandalus borealis 
My rilus e dulis 
Laminaria 

hyperborea 
Ascophy l lum 

nodosum 

Oil 
Oil 
Oil 
Oil 
Filet 
Filet 
Liver 
Filet 
Liver 
Filet 
Filet 

Filet 

Whole fish 
Whole fish 
Whole fish 
Whole fish 
Whole animal 
Whole plant 

Whole plant 

Northern Norway, 1924 100 4 
Northern Norway, 1940 100 5 
Lofoten Norway, 1960 100 4 
Lofoten Norway, 1969 100 5 
Western Norway, 1971 0.4 63 
Western Norway, 1972 0.4 50 
Western Norway, 1972 55 3 
Lofoten Norway, 1972 0.4 130 
Lofoten Norway, 1972 61 2 
Southern Norway, 1969 20 8 
Helgeland Norway, 1971 9.3 6 

East of Greenland, 1971 10.5 10 

Northern Norway, 1969 9.2 25 
Northern Norway, 1972 9.3 5 
Langesund Fiord, 1971 8.8 7 
Oslo Fiord, 1969 0.4 75 
Trondheim Fiord, 1971 16 a 0.9 
Western Norway, 1971 3.2 557 

Western Norway, 1971 3.1 592 

3 
2 
2 
2 

68 
50 

1 
44 

1 
4 
4 

8 

7 
<0.2 

2 
82 

<0.3 
358 

227 

aDrie d material. 

24  
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This analytical method is significant and has a high 
sensitivity for bromine and the other halogens. When the 
amount of each halogenated compound is too low to make 
an identification with a coupled GC-MS the method for 
determining if the compounds giving response on the 
EC-detector also contain halogens will be of special interest. 

Some preliminary GC and GC-MS analyses were carried 
out on cyclohexanedistillate from seaweed (Laminaria 
hyperborea), shrimp and cod liver oil (1940). More than 
50 compounds were detected with EC-detector, but no one 
present in sufficient amount for MS analyses contained 
bromine, supporting the hypothesis that the bromine is 
distributed on many volatile compounds. 

EXPERI MENTAL PROCEDURES 

Various samples of fish, seaweed, shrimp and shellfish as 
well as a series of  cod liver oils were included in the 
experiments. One of  the oil samples was produced in 1924, 
the other in 1940, 1960 and 1969, respectively. Table I 
should be consulted for further details on the samples. 

The cod liver oil, 100-200 ml, was mixed with distilled 
water in the ratio of 1:5 in a spherical 2 liter flask, the 
latter being connected to a conventional distillation appa- 
ratus. Five milliliters cyclohexane was added and the 
solution was then heated to boiling. The cyclohexane 
together with ca. 50 ml of water was distilled over. The 
solution was cooled to below 50 C, a further 5 ml of 
cyclohexane was added and the distillation was repeated a 
second time, now collecting 5-10 ml of water. The function 
of the last added cyclohexane is essentially that of flushing 
out remnants of the volatile nonpolar compounds in the 
apparatus into the receiving flask. Each sample was distilled 
once more following the same procedure, and the two 
distillates were kept separate in the subsequent work. 

The extraction of volatile organic compounds from the 
fish samples and the other raw materials was performed by 
the same distillation procedure as that used for cod liver oil. 
The samples were homogenized, and distilled water was 
added to give a ratio of  one part of raw material to two 
parts of water. 

After distillation the cyclohexane phase was collected, 
and 25 ml distilled water was added and redistilled. This is 
to remove any remaining inorganic ions, in particular 
bromide ions, which could have contaminated the distillate 
and disturbed the subsequent analysis. The total amount of 
lipids in these samples was determined by chloroform-meth- 
anol extraction. 

The bromine content  of the cyclohexane solution was 
finally determined by neutron activation analysis. One 
milliliter of the cyclohexane solution was transferred to a 
quartz ampoule previously treated with concentrated nitric 
acid and washed in distilled water. The ampoule was sealed, 
and together with a bromine standard irradiated with a 
neutron flux of ca. 5 x 1012 n/cm 2 sec in a nuclear 
reactor for 2 hr. Following irradiation the samples were 
transferred to nonactive glass vials and their activity 
measured using a multichannel T-spectrometer without any 
prior chemical treatment. 

RESULTS AND DISCUSSION 

All the neutron-activated cyclohexane solutions gave 
nearly pure bromine spectra when their activity was 
measured ca. 1 day after irradiation. If these solutions also 
contain corresponding chloro- and iodine-organic com- 
pounds, then the chlorine isotope C1-35 with a half life of 
37.3 rain and the iodine isotope 1-128 with a half life of  
25 min will be formed when they are subjected to neutron 

irradiation. These radioactive isotopes can be detected using 
a 3'-spectrometer, if the measurements are carried out 
immediately after the irradiation, i.e., within the time of a 
few half lives. In a few samples only traces of the 
radioactive sodium isotope Na-24 were detected. Contami- 
nation due to the presence of inorganic ions can therefore 
be regarded as negligible. 

The results of  the bromine determinations in the two 
distillations together with the content  of lipids extractable 
with chloroform-methanol are given in Table I. The amount 
of volatile bromo organic compounds is given as/ag Br/kg 
extractable lipids (ppb). The amount of bromine found in 
the distillate from fish raw material represent ca. 0. l-1% of 
the total bromine content  of the marine oils. This is 
especially the case for cod liver oil and the fat fish. In cod 
fillet there seems to be a certain accumulation of the 
bromine-containing compounds compared with the liver. 
Also the other samples with a low content  of lipids have a 
higher concentration of these compounds. When evaluating 
the considerable higher bromine content  in the two 
distillates produced from brown algae, it should be borne in 
mind that the content  of bromine found in the lipids 
extracted from seaweed is higher here than in marine fish 
(3). 

The results obtained from the analysis of cod liver oil 
should be regarded as minimum values, as some of the 
volatile compounds may have evaporated during the pro- 
duction of the oil. 

The presence of bromo organic volatile compounds in all 
the samples analyzed, especially in the samples from 1924 
and 1940, indicate that the marine organisms are able to 
synthesize this type of compound. The presence of bromo 
organic compounds originating from pollution sources 
together with chlorinated hydrocarbons cannot be disre- 
garded, but the contribution of such compounds is prob- 
ably negligible compared with compounds originating from 
marine organisms, especially in relatively uncontaminated 
areas. Based on earlier results where it has been demon- 
strated that no one or no group of soluble bromo organic 
compounds dominate in the lipid phase in marine orga- 
nisms, it is also probable that several volatile bromo organic 
compounds are present. This is also demonstrated by 
comparing the content  of  the bromo organic compounds 
found in the first distillate with that in the second (Table 
I). In most of the samples analyzed there is a certain 
reduction of the bromo organic compounds from the first 
to the second distillate, indicating the presence of both 
volatile and less volatile compounds. 

One of the conclusions that may be drawn from these 
findings is that most of  these bromine-containing com- 
pounds will probably pass the usual methods of sample 
clean-up employed in analysis for chlorinated hydrocarbons 
of man-made origin in the environment,  and they will be 
detected by electron capture gas chromatography. The 
possibility of their being mistakenly identified as pollutants 
with long biological half lives therefore exists. Furthermore 
the ubiquitous occurrence of these brominated hydro- 
carbons among all classes of organic compounds indicates 
that their mechanism(s) of formation is not very specific, 
and that 'chlorine may be incorporated as well. 
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