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Determination of Selenium, Arsenic, Iodine and Bromine 
in Fish, Plant and Mammalian Oils 
by Cyclic Instrumental Neutron Activation Analysis 

C. M. ELSON 1'2, R. G. ACKMAN 3 and A. CHATT 1 

ABSTRACT 

The concentrations of arsenic, selenium, iodine and bromine in a 
series of fish, plant and mammalian oils have been determined by 
cyclic instrumental neutron activation analysis (CINAA). Crude fish 
oils contain between 0.047 and 0.151 ~g Se g-l, 2.36-14.5 ~ig As 
g-~, 2.36-9.63 #g Br g-~ and 0.97-4.76 #gl g-~. Seal oil contains the 
same four elements, but at levels below the lower end of the fish 
oil ranges. Iodine, bromine and arsenic were not detected in rape- 
seed or soybean oils and the concentration of selenium varied from 
< 0.010 to 0.042 rig g-~. The levels of selenium, iodine and bromine 
are reduced markedly by hydrogenation of the menhaden oils. The 
CINAA method yielded results which were in agreement with pub- 
lished values obtained by other methods. The technique was rapid, 
requiring minimal sample manipulation, and was essentially free 
from interferences. 

INTRODUCTION 

The application of neutron activation analysis (NAA) to 
the determination of selenium in oil samples is an attractive 
analytical method since it is nondestructive and requires 
minimal sample manipulation. However, earlier work em- 
ploying NAA involved the nuclide 7SSe ( t l 6  = 120 day) 
which was produced by lengthy irradiations (up to 24 hr) 
and the nuclide was measured after decay times of 4-6 
weeks (1, 2). Apart from the time required to complete the 
analyses, a second drawback was the production of n p  in 
crude oil samples. Phosphorus-32 (t, A = 14.3 day) emits 
/3-particles which contribute to the background activity of 
the ")'-spectrum and therefore reduce the sensitivity of the 
technique. In a recent report, the sensitivity of the long- 
lived nuclide, 7SSe, was found to be only 2.6 times that of 
the short-lived nuclide, 77roSe (t,A = 17.4 sec) (3). 

We have, therefore, investigated the applicability of 
cyclic instrumental neutron activation analysis (CINAA) to 
the determination of selenium and included bromine, 
iodine and arsenic, in a series of menhaden oils collected at 
different stages of pilot-plant refining and partial hydro- 
genation as well as in several other crude fish, plant and 
marine mammal oils. The technique of CINAA is ideally 
suited to the analysis of short-lived (t,A < 60 sec) nuclides, 
since samples are irradiated for a short period, rapidly trans- 
ferred by a pneumatic system to a detector, counted for a 
short interval, and then returned to the neutron source to 
be carried through the same cycle for a specified number of 
times. The total analysis time is reduced to a few minutes 
and interferences form long-lived nuclides such as 32p are 
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virtually eliminated. The theory of CINAA has been de- 
scribed in detail by Spyrou and Kerr (4). 

EXPERIMENTAL 

Standards 

An individual standard aqueous solution containing 0.50 
ppm Se, 30.0 ppm As, 10.0 ppm Br and 10.0 ppm I was 
prepared by dilution of 1000 ppm atomic absorption stan- 
dard solutions (Ventron Corp.). Aliquots (0.10 mL) of this 
standard solution were used to "spike" oil samples in the 
method of standard additions. Weighed portions (0.12- 
0.19 g) of lyophilized bovine liver (NBS Standard Refer- 
ence Material 1577) were sealed in 2/5 dram polyethylene 
vials. This weight of bovine liver half-filled the vial and gave 
the same counting geometry as the oil samples. 

Preparation of Samples 

All crude marine oil samples were commercial scale pro- 
duction lots. The 8 menhaden oil samples represented one 
lot of oil from whole Brevooritci tyrannis commercially 
produced in the USA and refined stepwise as described else- 
where (5). The production of Newfoundland cod liver oil 
involves simple steam rendering (6) of livers from Gadus 
morbua. The seal oil was similarly produced (6) by render- 
ing the thick blubber of seals, mostly juvenile (pup) Atlan- 
tic harp seals Pboca (Pagopbilus) groenlandicus (7). The 
crude Canadian fish body oils were produced from the 
whole bodies or body scrap (after removing edible fillets or 
roe) by operations of cooking, pressing and centrifuging 
(6, 8). The species were, respectively, Atlantic herring 
Clupea barengus, Pacific herring Clupea pallasii, Atlantic 
redfish Sebastes marinus, and Atlantic mackerel Scomber 
scrombrus. 

The rapeseed oils included one lot produced by solvent 
extraction in Western Canada (WCSP) from a high erucic 
acid variety of rapeseed, probably cv. Target, in 1971. 
Some analytical details are given elsewhere (9-11). The 
LEAR (low erucic acid) or canola oils (cv. Tower) included 
two commercial lots which were also solvent-extracted, and 
one lot of oil expelled mechanically on a small scale with- 
out solvent at the POS Pilot Plant Corporation, Saskatoon 
(12, 13). The crude soybean oil came from commercially 
solvent-extracted seed. 

Analytical Method 

Oils were stored in a refrigerator prior to use. If solid, they 
were melted in water bath and mixed thoroughly before 
sampling. Three individual portions of 0.5 g of each oil 
sample were weighed into three 2/5 dram polyethylene 
vials, one of which contained 0.1 mL of the standard solu- 
tion previously described. The vials were heat-sealed and a 
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TABLE I 

Concentration of Trace Elements (gg/g) 

C.M. ELSON, R.G. ACKMAN AND A. CHATT 

Oil sample Se I As Br 

Marine oils 
Menhaden oil processing: 

Crude 0.067-+0.004 a 4.76-+ 0.01 13.5 +- 0.1 2.36+- 0.07 
(10.4 +,0.7(5) b) 

Degummed 0.046 -+ 0.008 3.92 +, 0.77 bdl c 2.31 +, 0.10 
Degummed plus gums 0.056 -+ 0.004 5.04 -+ 0.09 bdl 1.91 -+ 0.31 
Refined 0.051 +, 0.004 4.40 +, 0.02 bdl 2.28 +, 0.15 
Refined and bleached 0.052 +, 0.001 4.06 -+ 0.04 bdl 2.06 -+ 0.08 
Hydrogenated and filtered 0.017 -+ 0.007 0.35 +, 0.01 bdl 0.39 -+ 0.07 
Hydrogenated, filtered and bleached 0.015 +, 0.009 0.32 +, 0.01 bdl 0.34 -+ 0.12 
Hydrogenated, filtered, bleached and deodorized 0.015 +, 0.001 0.23 +, 0.02 bdl 0.34 -+ 0.12 

Cod liver 0.051 -+ 0.002 12.7 +, 0.17 bdl 5.63 +, 0.25 
Seal 0.033 +, 0.002 0.73 +, 0.01 1.82 +, 0.06 2.01 +, 0.28 
Herring (Pacific) 0.120 +- 0.003 1.45 +, 0.20 14.5 +, 1.8 9.63 +, 1.18 
Herring (Atlantic) 0.151 +, 0.003 0.97 +, 0.05 5.93 -+ 0.65 3.59 +, 0.05 

(0.047 +, 0.008 (43)) (4.0 +- 0.2 (43)) 
Redfish 0.047 +, 0.003 1.64 +, 0.08 2.36 +, 0.49 3.82 +, 0.22 
Mackerel 0.138 +, 0.001 2.19 +, 0.05 7.77 -+ 0.51 6.79 +, 0.03 

Vegetable oils 
Crude Tower rapeseed 0.035 +, 0.001 bdl bdl bdl 

(0.008 +, 0.004 (42)) 
Crude Tower rapeseed 0.042 -+ 0.005 bdl ball bdl 
Expelled crude Tower rapeseed bdl (2.009) bdl bdl bdl 
Crude regular rapeseed oil bdl (2.008) bdl ball bdl 

(0.009 +, 0.003 (42)) 
Crude soybean bdl bdl bdl bdl 

aAll samples were analyzed in triplicate. Error limits represent one standard deviation. 
bEarlier result, reference in text. 
Cbdl = below detection limit (see text). 

p inch  c lamp was a t t a c h e d  to the  base of  the  vial con ta in ing  
the  s t andard  so lu t ion .  This  vial was t h e n  p laced  in an uhra -  
sonic b a t h  for  3 m in  to mix  the  oil and  aqueous  phases.  The  
samples  were i r radia ted  in the  reac tor  and  c o u n t e d  using 
CINAA. Samples  of re fe rence  bov ine  liver were also sub- 
j ec ted  to the  same i r rad ia t ion  and  coun t ing  procedure .  

Irradiation and Counting Conditions 

I r rad ia t ions  were p e r f o r m e d  using the  Dalhous ie  Univers i ty  
SLOWPOKE-2 R e a c t o r  at a f lux of  5 • 1011 n cm -2 s -1. 

The  charac ter i s t ics  of  the  SLOWPOKE f lux have been  de- 
scr ibed previously  (14).  T he  i r rad ia t ion ,  decay and c o u n t i n g  
t imes  were 60  sec, 2 sec and  60 sec, respect ively.  Each sam- 
ple was cycled  5 times. T he  sample t r ans fe r  t ime  b e t w e e n  
the  i r rad ia t ion  and  coun t ing  pos i t ions  was 0.6 sec. The  
detai ls  of  the  cyclic sys tem have been  repor ted  e lsewhere  
(15).  N e u t r o n  ac t iva ted  samples  were c o u n t e d  using a 40  
cm 3 P r ince ton  G a m m a - T e c h  Ge(Li )  d e t e c t o r  coupled  to a 
Tracor  N o r t h e r n  T N - 1700  pulse-height  analyzer.  The  
Ge(Li )  d e t e c t o r  had  a full w id th  at ha l f  m a x i m u m  of 2.02 
keV, a peak  to C o m p t o n  ra t io  of  30.1:1  and  an ef f ic iency 
of  7.1% (all measu red  at the  1332 keV p h o t o p e a k  of  
6~ The  samples  were c o u n t e d  at a d is tance  of 5 m m  
f r o m  the  top  of  the  de tec to r .  T he  four  e l ement s  were  deter-  
m ined  by  measur ing  the  fo l lowing rad ionucl ides :  77mse 
(tl/~ = 17.4 sec, E ?  = 162 keV), 1281 (tl  A = 25.0  min ,  E?  = 
443 keV), 8~ (tl/~ = 17.6 min ,  E?  = 617 keV) and 76As 
(t,h = 26.3 hr,  E?  = 559 keV). T he  ? -spec t ra  p roduced  
dur ing  each of  the  five c o u n t i n g  per iods  were accumula t ed  
to yield the  final spec t rum.  T he  act ivi ty of all four  nucl ides  
was recorded  s imul taneous ly .  The  nucl ides  were ident i f ied  
f r o m  the i r  gamma-ray  energies and by  observing the i r  
half-lives. 

R ESU LTS 

The  levels of  se len ium,  iodine,  b r o m i n e  and arsenic in the  
var ious oils are s u m m a r i z e d  in Table  I. The  d e t e c t i o n  l imits  
for  each of  the  four  e lements ,  based  on  a signal equal  to 
twice  the  square  roo t  of  the  b a c k g r o u n d  and  a sample 
weigh t  of 0.5 g, are 0 .010 / ag  Se g - l ,  0 .082 #g I g - l ,  1.7 #g 
As g - l  and  0 .185 /ag Br g-1 and  the  er ror  l imits  of  Table  I 
r ep resen t  one s tandard  devia t ion.  The  i r rad ia t ion  and  
coun t ing  t imes  e m p l o y e d  were no t  op t imized  for  any  of  
the  four  e l emen t s  s tud ied  bu t ,  ins tead,  r ep resen ted  a com- 
promise  b e t w e e n  the  i r rad ia t ion  t ime  requi red  to achieve 
a reasonable  level of  act ivi ty  of  the  longer  lived nucl ides  

and  the  to ta l  analysis  t ime.  
C o n c e n t r a t i o n s  of  the  four  e l emen t s  were d e t e r m i n e d  by  

compar ing  the  ne t  n u m b e r  of  coun t s  in each of  the  four  
p h o t o p e a k s ,  specif ied earlier,  of  the  ? - spec t ra  of  the  sam- 
ples to t he  ne t  n u m b e r  of  coun t s  of  the  s t anda rd  add i t ion  
to the  th i rd  sample.  The  n u m b e r  of  coun t s  a t t r i bu t ab l e  to  
the  s t andards  in the  th i rd  vial was d e t e r m i n e d  by  mul t ip ly -  
ing the  average n u m b e r  of  c o u n t s  per  gram,  ob t a ined  f rom 
the  o t h e r  two  samples  of  the  same oil, b y  the  weight  of  the  
th i rd  sample  and  sub t r ac t ing  this  q u a n t i t y  f r o m  the  to ta l  
net  c o u n t s  of  the  th i rd  sample.  To tes t  w h e t h e r  the  num-  
ber  of  c o u n t s  a t t r i b u t e d  to the  s t anda rd  add i t i on  was valid, 
the  c o n c e n t r a t i o n s  of se lenium and b r o m i n e  in the  NBS 
bov ine  liver s t andard  were  d e t e r m i n e d  using the  resul ts  for  
the  s t andard  add i t ions  as a re ference  ( iodine  and  arsenic 
could no t  be  measu red  in the  liver due  to in te r fe rences  
f rom 439 keV ?- ray  of  69mzn and  556 keV ?-ray of  s6mRb, 

respect ively) .  Over  the  six d i f f e ren t  occasions  t h a t  analyses 
were pe r fo rmed ,  the  average, measu red  c o n t e n t s  of  the  
bov ine  liver were 1.02 -+ 0 .06 /ag Se g-1 and  11.6 + 3.1/~g 
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Br g-1. These results were in agreement with the NBS 
certified value of 1.1 - 0.1 #g Se g-~ and the recom- 
mended value of 9/~g Br g- i  (16), implying that the num- 
ber of counts allocated to the standards added to the third 
sample was reliable. The 162 keV ?-ray of 77roSe could have 
been interfered with by the 164 keV ?-ray of x16m2In 
(t,3 = 2.16 sec). However, no such interference was ob- 
served in this work; the half-life of VTmse that we measured 
through the 162 keV ?-ray photopeak agreed well with the 
value reported in literature. Moreover, T-rays emitted by 
other indium nuclides were not detected in the spectrum. 

Values published by this laboratory for the selenium and 
arsenic contents of the same or similar oils are also in- 
cluded in Table I along with a reference. The agreement in 
values is reasonable, especially since different analytical 
methods were used in the earlier studies, where samples 
were acid digested and analyzed by either atomic absorp- 
tion spectrophotometry or cathodic stripping voltammetry. 

D I S C U S S I O N  

The range of concentrations of selenium, arsenic and bro- 
mine in the crude fish oils were comparable to the results 
of  Lunde (17) for crude oils produced from fresh herring, 
mackerel and capelin caught in the North Sea and off the 
coast of Norway: 0.02-0.09/ag Se g- l ,  4.6-9.1 /~g As g-~ 
and 3.1-4.4 /~g Br g-~. The two sets of results agree rea- 
sonably well, especially when it is remembered that the 
concentration of sulfur, and presumably of related elements 
in crude fish oils increases considerably as the preprocessing 
storage time of the fish increases (17). 

Apart from the advantages of minimal sample manipu- 
lation and s~Seed of analysis, C1NAA is ideally suited to the 
analysis of oils because those elements, e.g., Na, C1, Mn, Al, 
etc., that are common interferents in instrumental neutron 
activation analysis are present at very low concentrations. 
Indeed, in the present study, the combination of short 
irradiation times and low levels of interferents produced 
detector dead times of, at worst, 1%. 

Effects of Processing 

Commercial hydrogenation conditions are effective in 
destroying organochlorine compounds of the DDT family 
but do not affect the more stable halogens of the PCB type 
(18). In view of the multiplicity of types of lipid-oriented 
halogen compounds in the marine world (19-21), it is 
interesting to find that ca. 10% of the bromine and iodine 
in the crude menhaden oil are removed by the usual se- 
quence of chemical and physical refining steps (Table I). 
Of the remainder, hydrogenation removes at least 90% of 
the iodine and over 80% of the bromine. In both cases a 
persistent residue resists the hydrogenation process, but the 
chemical form is unknown (17, 22, 23). In a previous 
report (17) on the hydrogenation of mackerel and herring 
oils, the residue of unaffected bromine was very similar at 
0.2-0.4 gg g-1. The residue of halogens suggests a simi- 
larity in chemical form despite variations in origin and pro- 
cessing conditions (24, 25), and confirms the accuracy of  
irradiation methods for determining bromine. 

Iodine 

The cod liver oil is distinguished by a high iodine content. 

In all other oils except menhaden there is also more bro- 
mine than iodine. The amount of chlorine, bromine and 
iodine in cod liver oil has exercised the ingenuity of chem- 
ists from the first decades of the last century. The early 
results (26) usually showed that iodine exceeded bromine 
by factors of 3-10. By 1883, it was suggested that the 
earlier iodine contents of cod liver oil had been exag- 
gerated, often by factors of 100 or more. The greatly re- 
duced values, 1.38-4.34 /.tg g- t ,  proposed for 6 samples 
analyzed at that time compare with our value of 12.7 ~g 
g-a for one sample of oil (Table I), and with other data 
(range 5.4-60.4 /ag g- l )  tabulated for cod liver oils by 
Lunde (27). The latter study confirmed that iodine levels 
usually exceeded bromine in the liver oil from mature 
Arctic cod and also in many smaller cod from the south of  
Norway. 

Selenium 

Selenium is chemically similar to sulfur, and the uptake of 
the latter element by active nickel is, in fact, one way to 
determine sulfur in edible vegetable or marine oils (28- 
31). A reduction in selenium content during hydrogenation 
was therefore expected (17), but it is especially interesting 
(Table 1) to find that, in parallel with the halogen results, 
about a quarter of the selenium is not removed during 
refining and thus remains after hydrogenation. The value of 
0.015 #g Se g-1 is also in accord with the previous value of 
< 0.02 /ag Se g-1 for a marine oil hydrogenated in Europe 
(17). 

Arsenic 

Arsenic enters the marine food chain via algae because of  
its chemical similarity to phosphorus, and is detoxified (32- 
34). Marine animals assimilate the algal phosphorus for 
phospholipid formation and a proportion of any accom- 
panying arsenic (35-37) would be expected to be included 
on grounds of the similar chemical characteristics. The toxi- 
city to higher animals is very low (38, 39). The first stage of 
refining (degumming, i.e., washing with 0.2% phosphoric 
acid solution) is therefore effective in eliminating arsenic 
(Table I) in the form of incompletely separated phospho- 
lipids and analogous arsenolipids. The low level of arsenic 
in the Canadian cod liver sample (Table I) is in agreement 
with the results of a survey which typically gave results of 
ca. 1.2-1.6 /lg g-1 for arsenic in cod liver lipids (J. Uthe, 
private communication). The form of material analyzed is 
important, as the triglyceride oil content of cod livers is 
usually ca. 50% (25). The majority of the arsenic com- 
pounds in cod livers are in the water-soluble category, and 
thus would not be found in the oil. 

The six fish oils analyzed come from fish caught in a 
variety of geographical regions. Moreover, the feeding pat- 
terns are quite diverse. The menhaden feed directly on 
phytoplankton, i.e., algae, and together with the herring 
and mackerel, which feed on the small crustacea which eat 
the algae directly are probably exposed to the most arsenic. 
The redfish, which is a slow-growing mesopelogic feeder 
and the cod, which is an omnivore and more of a bot tom 
feeder, have the least arsenic in their depot fat of the six 
species examined. The Pacific herring is a more diverse 
feeder than its Atlantic counterpart (25), perhaps account- 
ing for the higher arsenic, iodine and bromine levels. 
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Seal Oil 

The  seal oil e l emen t s  are no t  no t ab l y  d i f f e ren t  f rom those  
of  the  fish oils excep t  t h a t  the  levels of all four  e l emen t s  
are cons i s ten t ly  at  the  low end  o f  the  c o n c e n t r a t i o n  range 
of  the  c rude  fish oils. T he  seal b l u b b e r  layer  is a lmost  pure  
t r ig lycer ide and  con ta ins  min ima l  phosphol ip ids .  Moreover  
the  adu l t ' s  d e p o t  fa t  is mobi l i zed  and  t rans fe r red  to the  
pup  in a very fat-r ich mi lk  (7). A degree of  biological  fi l tra- 
t ion  (40)  would  be expec t ed  to reduce  n o n f a t t y  acid 
mater ia l s  original ly p resen t  in fish oils, b u t  the  excep t iona l  
high fat  c o n t e n t  of  seal mi lk  (~< 50%) m ay  be  respons ib le  
for  the  par t ia l  t ransfe r  of  such mater ia l s  to the  pup ,  the  
l ikely origin of  this  sample.  

Vegetable Oils 

The  crude  vegetable  oils dif fer  f rom the  crude  mar ine  oils 
in having iodine  and  b r o m i n e  levels lower  b y  at least  an 
order  of  magn i tude .  The  c o n c e n t r a t i o n s  of  arsenic and  
se lenium in the  crude  vegetable  oils are also lower.  
A l t h o u g h  arsenic is se ldom d e t e r m i n e d  in p lan t  oils, 0.2 
/~g g-1 has b e e n  r epo r t ed  for  c rude  (virgin) rapeseed oils 
(41).  It is of  in teres t  t ha t  the  se lenium values o b t a i n e d  by  
CINAA are very close to those  o b t a i n e d  b y  the  more  cum- 
be r some ,  if less capi ta l - intensive,  m e t h o d  of ca thod ic  
s t r ipp ing  v o l t a m m e t r y  (42). 

ACKNOWLEDGMENTS 

The Natural Sciences and Engineering Research Council of Canada 
and the Zapata-Haynie Corp., Houston, provided financial support. 
The Research and Development Division of Canada Packers Ltd., 
Toronto, processed the menhaden oil. 

REFERENCES 

1. Lunde, G., JAOCS 50:26 (1972). 
2. Lunde, G., J. Sci. Food Agtic. 21:242 (1970). 
3. Tout, R.W., and A. Chatt, Anal. Chim. Acta 118:341 (1980). 
4. Spyrou, N.M., and S.A. Kerr, J. Radioanal. Chem. 48:169 

(1979). 
5. Elson, C.M., E.M. Bern and R.G. Ackman, JAOCS 58:1024 

(1981). 
6. Bailey, B.E., N.M. Carter and L.A. Swain, Marine Oils with 

Particular Reference to those of Canada, Fisheries Research 
Board of Canada, Bull. No. 89, Ottawa, 1952. 

7. Ackman, R.G., S. Epstein and C.A. Eaton, Comp. Biochem. 
Physiol. 40B:683 (1971). 

8. Windsor, M., and S. Barlow, Introduction to Fishery By- 
products, Fishing News Books Ltd., Farnham, 1981. 

9. Ackman, R.G., in Proc. Symp. Rapeseed Oil, Mean and By- 

product Utilization, Vancouver, March 22-23, 1977 edited by 
J.M. Bell, Rapeseed Assoc. Canada, Vancouver, 1977. 

10. Sebedio, J-L., and R.G. Ackman, JAOCS 56:15 (1979). 
11. Kovacs, M.I.P., R.G. Ackman, W.E. Anderson and J.Ward, 

Can. Inst. Food Technol. J. 11:219 (1978). 
12. Ackman, R.G., and J-L. Sebedio, JAOCS 58:594 (1981). 
13. Rose, S.P., J.M. Bell, I.W. Wilkie and H.B. Schiefer, J. Nutr. 

111:355 (1981). 
14. Ryan, D.E., D.C. Stuart and A. Chattopadhyay, Anal. Chim. 

Acta 100:87 (1978). 
15. Chatt, A., K.N. Desilva, J. Holsbecher, D.C. Stuart, R.E. Tout 

and D.E. Ryan, Can. J. Chem. 59:1660 (1981). 
16. Certificate of Analysis, SRM 1577, Bovine Liver, National 

Bureau of Standards, Washington, De, 1972. 
17. Lunde, G., JAOCS 50:26 (1973). 
18. Addison, R.F., M.E. Zinck, R.G. Ackman and J.C. Sipos, 

JAOCS 55:391 (1978). 
19. Addison, R.F., Prog. Lipid Res. 21:47 (1982). 
20. Beissner, R.S., W.J. Guilford, R.M. Coates and L.P. Hager, Bio- 

chemistry 20:3724 (1981). 
21. Hewson, W.D., and L.P. Hager, J. Phyeol. 16:340 (1980). 
22. Lunde, G., JAOCS 49:44 (1972). 
23. Lunde, G., Ibid. 50:24 (1973). 
24. Ackman, R.G., W.M.N. Ratnayake and C.A. Eaton, Proc. N.S. 

Inst. Sci. 31:207 (1981). 
25. Ackman, R.G., in Fatty Acids in Nutritional Evaluation of 

Long-Chain Fatty Acids in Fish Oils, edited by S.M. Barlow 
and M.E. Stansby, Academic Press, London, 1982, pp. 25-88. 

26. Heyerdahl, P.M., in Cod-Liver Oil and Chemistry, edited by 
F.P. Moller, Schieffelin & Co., New York, 1895, p. lxxi. 

27. Lunde, G., Int. Rev. Gesamten Hydrobiol. 52:265 (1967). 
28. Daun, J.K., and F.W. Hougen, JAOCS 53:169 (1976). 
29. EI-Shattory, Y., L. deMan and J. deMan, Can. Inst. Food Sci. 

Technol. J. 14:53 (1981). 
30. Devinat, G., S. Biasini and M. Naudet, Rev. Fr. Corp. Gras 27: 

229 (1980). 
31. Hougen, F.W., and J.K. Daun, in Research on Rapeseed, Seed, 

Oil, Meal and Meal Fractions, 4th Progress Report, Research 
Committee, Rapeseed Association of Canada, Vancouver, 
February, 1976, pp. 14-15. 

32. Sanders, J.G., and H.L. Windom, Estuarine and Coastal Mar. 
Sci. 10:555 (1980). 

33. Klumpp, D.W., Mar. Biol. 58:257 (1980). 
34. Wrench, J.J., and R.F. Addison, Can. J. Fish Aq. Sci. 38:518 

(1981). 
35. Klumpp, D.W., and P.J. Peterson, Mar. Biol. 62:297 (1981). 
36. Herrera-Lasso, J.M., and A.A. Benson, Envir. Sci. Res. 23:501 

(1982). 
37. Takeshita, T., and S. Maeda, Yugaku 29:75 (1980). 
38. Freeman, H.C., J.F. Uthe, R.B. Fleming, P.H. Odense, R.G. 

Ackman, G. Landry and C. Musial, Bull. Env. Contam. Toxicol. 
22:224 (1979). 

39. Siewicki, T.C., J. Nutr. 111:602 (1981). 
40. Hulan, H.W., J.K.G. Kramer, S. Mahadevan, F.D. Sauer and 

A.H. Corner, Lipids 11:9 (1976). 
41. Thomas, A., Fette, Seifen, Anstrichm. 78:141 (1976). 
42. Blades, M.W., J.A. Dalziel and C.M. Elson, JAOAC 59:1234 

(1976). 
43. Elson, C.M., and R.G. Ackman, JAOCS 55:616 (1978). 

[Received Augus t  17, 1982]  

JAOCS, vol. 60, no. 4 (April 1963) 


